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Abstract

Purpose: To assess whether exposure to the 2010 Deepwater Horizon oil spill (DHOS) was
related to parents’ self-rated health over time.
Design: 3 waves of panel data were drawn from the Gulf Coast Population Impact study (2014)
and Resilient Children, Youth, and Communities study (2016, 2018).
Setting: Coastal Louisiana communities in high-impact DHOS areas.
Participants: Respondents were parents or guardians aged 18 - 84, culled from a probability
sample of households with a child aged 4 to 18 (N= 526) at the time of the 2010 DHOS.
Measures: Self-rated health was measured at each wave. Self-reported physical exposure to the
DHOS, economic exposure to the DHOS, and control variables were measured in 2014.
Analysis:We used econometric random effects regression for panel data to assess relationships
between DHOS exposures and self-rated health over time, controlling for potentially con-
founding covariates.
Results: Both physical exposure (b = −0.39; P< 0.001) and economic exposure (b = −0.34;
P< 0.001) to the DHOS had negative associations with self-rated health over the study period.
Physical exposure had a larger effect size.
Conclusion: Parents’ physical contact with, and economic disruption from, the 2010 DHOS
were tied to long-term diminished health.

Introduction

The 2010 Deepwater Horizon oil spill (DHOS) caused the largest amount of coastline oiling of
any industrial disaster on record. More than 200 million gallons of oil spilled and 2 million gal-
lons of dispersants were released into the Gulf of Mexico. As a complex technological disaster,
the social and economic effects of the spill are myriad, and impacts on human health from both
physical oil spill contact and economic disruption remain an important concern.1,2

Most population-based research has used cross-sectional data to study health in the context
of the DHOS, an important shortcoming because technological disasters can have health
impacts spanning years.2–5 Few panel studies exist and even fewer cover more than 1 or 2 years,
thus, much remains unknown about the long-term DHOS effects on health.6–9 Exceptions
include a panel study of women following the DHOS which found ongoing elevated symptoms
of depression and mental distress up to 6 years following the spill.10 Panel studies with prob-
ability samples including both women and men are especially lacking in extant research.11

Moreover, the health and well-being of parents is critical because of their resource provision
and promotion of the well-being of children in their household, especially in contexts of
disasters.12

The current study extends prior research by examining DHOS exposures and their indepen-
dent associations with community-dwelling parents’ (women and men) levels of overall self-
rated health over time in a panel study spanning 3 time points up to 8 years after the
DHOS (2014, 2016, and 2018). In part, due to their vital role as caregivers, the study focuses
on the health of parents in a household with a child. DHOS exposures are assessed in 2 ways:
(1) physical contact with the oil spill, and (2) economic impacts from the oil spill. Data from
areas highly affected by the DHOS in coastal Louisiana were analyzed.

In addition to examining the direct effects of DHOS exposures on parent health, we also
assessed contingencies based on social position. Social science research and policy initiatives
have identified social statuses (e.g., race, gender, and social class) as being associated with dis-
parities in health problems generally, and vulnerability in the aftermath of disasters
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specifically.13,14 These statuses can operate as health contingencies
because ‘various structural arrangements in which individuals are
embedded determine the stressors they encounter, the stress medi-
ators they are able to mobilize, and their inner experiences of
stress.’15(p167),16,17 Due to the added obligations of parenting, these
contingencies can be especially pronounced among parents.18 As
such, we examine whether race, gender, and social class influence
the relationships between BP-DHOS exposure and health among
parents.

Data and methods

The analysis used a panel study comprised of data from the 2014
Gulf Coast Population Impact (GCPI) study and the 2016 and 2018
waves of the Resilient Children, Youth, and Communities (RCYC)
study. This combined data file was made up of 3 waves of surveys
which interviewed the same cohort of parents.a In 2014, the GCPI
interviewed respondents in households from a 2012 study of com-
munities in 4 states in the Gulf Coast affected by the Deepwater
Horizon oil spill (DHOS). The communities were selected based
on high levels of oiling according to an oil impact index, and indi-
vidual and business claims data.11,19 Two-stage sampling was used
where census blocks and then households were randomly sampled.
Households with a child aged 4 - 18 were included in the sample
(N= 720). Of these households surveyed during the GCPI 2014
survey, 655 agreed to be followed up for participation in sub-
sequent studies. The RCYC followed up with 484 GCPI respon-
dents in 2016 and 485 in 2018, a re-contact rate of
approximately 74% for both waves. The data are well-suited for
the current study because (1) they are a probability sample of
parents from Louisiana communities in DHOS high impact areas,
and (2) they follow the same individuals over 3 survey waves

spanning a space of 4 years. More information about methodology
is detailed in prior work using the GCPI and RCYC.11,20

Institutional Review Board approval was granted for the data col-
lection and study procedures by Louisiana State University and
Columbia University.

Measures

Adult self-rated health is measured at 3 waves with a question that
asked, ‘In general, how would you rate your health right now?’
Response options are coded as (1) poor, (2) fair, (3) good, (4) very
good, and (5) excellent. Physical DHOS exposure is an indicator
measuring whether the respondent came into direct physical con-
tact with or smelled the oil any time from the oil spill event to
6 months after the spill. Economic DHOS exposure is an indicator
of whether the respondent or anyone in the respondent’s house-
hold lost their job or income due to the oil spill. Similar to prior
DHOS research, covariates include the number of people in the
household, gender, age, race-ethnicity, marital status, educational
attainment, and survey wave.19 Tables 1 and 2 show descriptive sta-
tistics and descriptions for study variables overall, and by physical
and economic DHOS exposure.

Analysis

We used econometric random effects regression for panel data to
assess the relationships between DHOS exposures and levels of
health over time. Independent variables were measured in 2014
and self-rated health was measured in 2014, 2016, and 2018.
The analysis used random effects regression over competing
models for panel data for 2 main reasons. First, because physical
DHOS exposure was measured only in 2014 and economic DHOS
exposure did not change across waves for most respondents, a
fixed-effects or ‘between-within’ modeling approach was not
appropriate.21 Second, because about 22% of respondents in the

Table 1. Descriptive statistics and study variable descriptions

Description Mean/ P SD/ N Min. Max.

Health 2014 1 = poor;
5 = excellent

3.23 1.15 1 5

Health 2016a 1 = poor;
5 = excellent

3.29 1.15 1 5

Health 2018b 1 = poor;
5 = excellent

3.26 1.16 1 5

Economic exposure 1 = household job or income loss 0.37 197 0 1

Physical exposure 1 = respondent physical contact/smell 0.48 250 0 1

Household no. of people Number of people residing in respondent household 4.35 1.41 2 13

Gender 1 = female 0.61 322 0 1

Age Age in years 42.08 11.30 18 84

Race-ethnicity

Non-Hispanic White 1 = non-Hispanic White 0.60 314 0 1

Non-Hispanic Black 1 = non-Hispanic Black 0.26 139 0 1

Other race-ethnicity 1 = other race-ethnicity 0.14 73 0 1

Married 1 = married 0.66 349 0 1

Educational attainment

Less than high school 1 = did not complete high school 0.19 102 0 1

High school graduate 1 = high school degree attained 0.33 175 0 1

Some college or more 1 = greater than high school education or college 0.47 249 0 1

Source: GCPI/RCYC Study (N= 526).
Note: P = proportion; SD = standard deviation; aN= 471; bN= 465.

aThough a small number of respondentswere a non-parent guardian or caregiver of
a resident child, we use ‘parents’ throughout for brevity.
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sample had 2 waves of datab — with at least 3 waves required for
estimation of growth curves — a linear growth curve model was
not appropriate. Conversely, random effects regression models
accommodate time-invariant predictors and require only 2 waves
of data for estimation.

Our starting analytic sample included 543 parents with non-
missing values on self-rated health for at least 2 waves. An addi-
tional 10 cases were dropped due to the original respondent being
deceased, incarcerated, or no longer a caregiver. Following this
data filter, 7 more cases were dropped due to missing values on
education, marital status, or age; resulting in a final analytic sample
of 526 parents. Among parents in the final analytic sample, about
70% reported a change in self-rated health over the study period.

We assessed time-varying self-rated health as a function of the
focal predictors (i.e., physical exposure and economic exposure),
control variables (i.e., number of people in household, age, race-
ethnicity, marital status, and educational attainment), survey wave,
and occasion-specific as well as person-specific error. Control
variables in the current study were selected for consistency with
prior research. Models were estimated in Stata 16.1. (Stata Corp.
LLC, College Station, Texas, USA).22

The econometric linear random effects models are based on the
following equation:

yit ¼ β0 þ βtTit þ βxXi1 þ αi þ �it ; [1]

where yit is self-rated health for person i at time t, β0 is the inter-
cept, βt indicates the effect of survey wave on self-rated health
and Tit is a continuous indicator for wave of interview (equal to
0 at time 1 (in 2014), equal to 1 at time 2 (in 2016), and equal
to 2 at time 3 (in 2018), βx is the vector of effects of the predictors
for person i reported at time 1, αi is the person-specific error

assumed to be uncorrelated with the predictors, and ϵit is the
occasion-specific error for person i at time t. For the calculation
of standardized coefficients, we used partially standardized
coefficients.23

Results

Descriptive statistics for study variables are shown in Table 1.
Table 2 presents descriptive statistics by DHOS physical and eco-
nomic exposure. Table 3 shows results from the random effects
model predicting self-rated health, independent of survey wave
and control variables. In specifying our chosen model, we evalu-
ated goodness of fit for nested, stepwise models. Likelihood ratio
tests indicated that a model including the focal predictors but
no covariates provided a significantly better fit to the data relative
to the baseline model (P< 0.001), and that a model including both
the focal predictors and all covariates provided a significantly bet-
ter fit to the data than the model including only the focal predictors
(P< 0.001).The model in Table 3 shows that being physically
exposed to the oil spill is associated with a 0.39 decrease in self-
rated health, and experiencing economic exposure to the oil spill
is associated with a 0.34 decrease in self-rated health. Both are
highly statistically significant (P< 0.001). In a comparison of par-
tially standardized coefficients, the effect size of physical exposure
(B = −0.34) is larger than that of economic exposure (B = −0.29).c

Table 2. Descriptive statistics by DHOS physical and economic exposure

Physical exposure = 0 Physical exposure = 1 Economic exposure = 0 Economic exposure = 1

(N= 276) (N= 250) (N= 329) (N= 197)

Mean/ P SD/ N Mean/ P SD/ N Mean/ P SD/ N Mean/ P SD/ N

Health 2014 3.55 1.04 2.87 1.16 3.47 1.11 2.83 1.11

Health 2016a 3.54 1.05 3.03 1.19 3.55 1.11 2.85 1.09

Health 2018b 3.52 1.07 2.97 1.19 3.44 1.12 2.95 1.17

Physical exposure 0.36 117 0.68 133

Economic exposure 0.23 64 0.53 133

Household no. of people 4.32 1.30 4.38 1.53 4.27 1.28 4.47 1.61

Gender 0.60 166 0.62 156 0.63 208 0.58 114

Age 41.13 12.11 43.12 10.26 42.11 11.43 42.03 11.11

Race-ethnicity

Non-Hispanic White 0.61 168 0.58 146 0.61 202 0.57 112

Non-Hispanic Black 0.26 72 0.27 67 0.26 86 0.27 53

Other race-ethnicity 0.13 36 0.15 37 0.12 41 0.16 32

Married 0.65 180 0.68 169 0.70 229 0.61 120

Educational attainment

Less than high school 0.14 39 0.25 63 0.13 44 0.29 58

High school graduate 0.36 100 0.30 75 0.34 113 0.31 62

Some college or more 0.50 137 0.45 112 0.52 172 0.39 77

Source: GCPI/RCYC Study (N= 526).
Note: P = proportion; SD = standard deviation.

b77.95% had data for all waves; 11.60% had data for Waves 1 and 2; 10.46% had
data for Waves 1 and 3

cAncillary analyses (not shown) also assessed whether controlling for the following
time-varying variables changed results: household income, an indicator for whether
the respondent was married at the survey wave, educational attainment, and the
respondent’s view of the extent their community had recovered from the DHOS.
This ancillary analysis also controlled for a baseline time-invariant measure of
the respondent’s length of residence and the number of major weather events
(e.g., Hurricane Katrina) the respondent had experienced. The paper’s DHOS exposure
results were substantively similar—both in terms of statistical significance and
direction—when these additional variables were controlled (table available upon
request). Moreover, indicators of model fit for non-nested models (e.g., AIC, BIC)
favored the more parsimonious model presented in this manuscript.
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To assess expectations regarding social position contingencies,
we incorporated interaction effects of physical DHOS exposure by
social statuses defined by gender, race-ethnicity, and educational
attainment.15–18 We also tested interactions of economic DHOS
exposure by the same social statuses. Interactions were assessed
in models with and without control variables. Results showed that
physical exposure carried no significant interactions with any of
the social statuses. Similarly, economic exposure had no significant
interactions with gender or race-ethnicity. Interactions between
economic exposure and educational attainment were inconsistent
across models with and without controls.d

Discussion

This study documented relationships between physical and eco-
nomic exposures to the 2010 Deepwater Horizon oil spill
(DHOS) and self-rated health in probabilistic panel data on
parents in coastal Louisiana that extended up to 8 years after
the DHOS. We found that physical exposure to the DHOS was
negatively associated with parents’ health over the study period.
We also found that economic exposure to the DHOS was nega-
tively associated with parents’ health. Of the two, physical exposure
had the greater magnitude of association. These associations were
robust to sociodemographic controls and survey wave, a notable
finding given the established literature on social disparities in
health problems generally and vulnerability in the aftermath of
disasters specifically. These findings extend prior research high-
lighting the long-term health sequelae of economic and physical
oil spill exposures.1,2

We note several study limitations. First, given the baseline sur-
vey occurred in 2014, no data were collected on the health status of
parents prior to the 2010 DHOS. This is a serious limitation to the

current study, though one that is common to disaster research uti-
lizing individual-level survey data. Disasters, by definition, are
largely unanticipated events, thus pre-disaster data only exists if
researchers are already on the ground (often working on unrelated
issues) when catastrophic events happen to unfold. A potentially
fruitful way forward for future research is the maintenance of a
regional health monitoring system of individuals living in areas
with frequent disaster events, so that pre-disaster baseline data will
exist for future disasters in the region.24 Second, notwithstanding
consistent correlations with mortality, biomarkers, reported physi-
cal health, and healthcare utilization, self-rated health has limita-
tions as a subjective measure.25 Subsequent research can build on
this study bymeasuring a wider array of health outcomes and using
objective measures of health. Third, the study’s DHOS exposure
measures were based upon self-reports several years after the onset
of the disaster. Thus, errors of attribution, problems with recall of
experiences, and subjective differences in the definition of the sit-
uation may apply. Also, in a region characterized by a large petro-
chemical industrial complex, some level of chronic risk to toxic
exposure can become normalized.26,27A fourth limitation pertains
to sample size. Differences between subgroups in the coastal
Louisiana population could be examined with a larger study sam-
ple size. Though our results did not support the theory15–18 sug-
gesting social status contingencies in DHOS exposure effects,
the current study’s limited sample size may help explain the lack
of statistically significant interactions of DHOS exposures with
race, gender, and educational attainment. Greater sample size
and oversampling of population subgroups are important consid-
erations for future research. For example, some populations have
experienced disparate impacts from technological and natural
disasters.28,29 Groups, such as Vietnamese Americans with
employment concentration in the Louisiana fishing industry,30

were likely disproportionately affected by the DHOS and should
be oversampled in future studies.e

Conclusions

Compromised adult health can have an array of important conse-
quences for individuals and communities including lost days of
work, medical costs, and downstream effects on health and well-
being. Poor parental health can have the added consequence of
negatively impacting children’s health.12 In addition to showing
the connection between physical exposure to the DHOS and
long-term poor health, this study suggested the long-term negative
health effects associated with parents’ employment and income
disruptions that followed the DHOS. These results highlight the
need to evaluate multi-year policy and programmatic initiatives
to support the health and well-being of parents related to both eco-
nomic impacts and physical exposures stemming from complex
technological disasters. Doing so has the potential to promote both
the wellbeing of parents and their children.
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Table 3. Random effects regression of self-rated health

b s.e. B

Physical exposure −0.39*** (0.08) −0.34
Economic exposure −0.34*** (0.08) −0.29
Household no. of peoplea −0.06* (0.03) −0.07
Female −0.04 (0.08) −0.04
Agea −0.02*** (0.00) −0.17
Race-ethnicity

Non-Hispanic White Reference

Non-Hispanic Black −0.11 (0.09) −0.10
Other race-ethnicity −0.06 (0.11) −0.06
Married 0.34*** (0.09) 0.30

Educational attainment

Less than high school Reference

High school graduate 0.41*** (0.11) 0.36

Some college or more 0.65*** (0.11) 0.56

Survey wave 0.02 (0.02) 0.02

Constant 2.94*** (0.13) −0.27

Source: GCPI/ RCYC (N= 526)
b = unstandardized coefficient; s.e. = standard error; B = standardized coefficients for
continuous variables and partially standardized coefficients for categorical variables;
***P< 0.001, *P< 0.05. acentered in model for unstandardized coefficients; Model fit,
estimated with maximum likelihood: chi-squared= 180.66 (P< 0.001)

dThere were no significant interactions in the model without controls, and the sig-
nificance of the interaction terms in the model with controls were sensitive to which
covariates were included.

eOther groups with disaster-relevant resources and exposures should be examined.
Protestants versus Catholics and non-religious versus religious groups likely differ in
support and vulnerability following disasters.31,32
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