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Abstract

The purpose of the study is to describe changes in mental health among women following an oil 

spill and to examine its association with the Deepwater Horizon Oil Spill (DHOS).

The WaTCH Study followed 2038 women in Louisiana after the DHOS. Subjects were 

interviewed in 2012–2014 and 2014–2016. Oil spill exposure was characterized using survey 

items about economic and physical exposures. Outcomes were depressive symptoms and mental 

distress.

After adjustment for relevant demographics, depressive symptoms increased over two time points 

following the DHOS, while symptoms of mental distress decreased. For every year increase in 

time since the DHOS, the rate ratio for depressive symptoms increased by a factor of 1.08. In 

contrast, the rate ratio for mental distress decreased by a factor of 0.97. In addition, initial 

associations between economic and physical exposure to the DHOS persisted up to 6 years after 

the spill; women who were more highly exposed experienced higher levels of depressive 

symptoms (rate ratios ranged from 1.08 to 1.11) and mental distress (rate ratios from 1.05 to 1.11) 

at each time point than women who were less exposed.

A better understanding of recovery patterns following an oil spill can help direct critical mental 

health response efforts.
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Introduction

It is now well-established that disasters of all kinds severely impact mental health,[1, 2] and 

oil spills are no exception. There is ample evidence that higher levels of exposure to an oil 

spill, whether in the form of geographic proximity to the spill, vulnerable occupations (e.g., 

fishers, clean-up workers), or various means of indirect exposure (e.g., through job loss or 

property damage), are significantly associated with worse mental health outcomes. These 

results have been borne out in earlier studies such as the Exxon Valdez oil spill in 1989,[3–

9] the Sea Empress spill in 1996,[10] the Prestige oil spill in 2002,[11, 12] and the Hebei 

Spirit spill in 2007.[13–16] Depression, anxiety, and PTSD appear to be the predominant 

manifestations of mental health impact.

The Deepwater Horizon Oil Spill (DHOS) resulted from an explosion on the British 

Petroleum-operated drilling rig 49 miles off the Louisiana coast on 20 April 2010, killing 11 

people and causing almost 5 million barrels of oil to flow into the Gulf of Mexico. Covering 

over 68,000 square miles of land and sea, the DHOS is the largest marine oil spill in the 

history of the petroleum industry. In addition to causing widespread environmental and 

economic damage, the DHOS has also been linked to numerous harmful mental health 

effects.[17–25] For example, a survey of over 38,000 residents of Alabama, Florida, 

Louisiana, and Mississippi, conducted in the first year after the DHOS, assessed frequent 

mental distress and current depression.[20] This study observed that direct contact with the 

oil was positively associated with both mental health outcomes, while job and income loss 

were related just to current depression.[20]

Risk factors for poor mental health outcomes following disasters have been classified into 

categories of peri-disaster, pre-disaster, and post-disaster risk factors.[2] The main peri-

disaster risk factor is degree of exposure to the event, as discussed above. However, pre-

disaster risk factors for mental health also include individual characteristics such as female 

gender, younger age (e.g., children), middle age, low socioeconomic status, minority ethnic 

status, having children, having prior mental health problems, and having experienced 

traumatic or stressful events prior to the disaster.[2] Key predictors of the development and 

trajectories of disaster-related mental illness include post-disaster life stressors (such as job 

loss, property damage, and marital stress) and low levels of social support.[2] Both of these 

post-disaster risk factors can increase vulnerability to mental health conditions such as 

depression and PTSD.[2] Given this collection of risk factors, women are particularly 

susceptible to adverse mental health effects following a disaster, especially when they are 

caregivers or are of lower socioeconomic status.

An early review of longitudinal data in the disaster literature suggests that disaster survivors’ 

mental health generally improves as time passes, with the first year being the time of peak 

symptoms or effects.[26] However, none of the disasters considered in the review were oil 

spills. A subsequent review of only oil spills[27] highlighted a single longitudinal study[28] 

on psychological health effects, which found that psychological stress diminished after the 

first year following the Exxon Valdez. An update to that review reported no new longitudinal 

studies of oil spills.[29] A closer examination of Exxon Valdez oil spill studies, however, 

suggests that while residents in lesser exposed communities exhibited decreasing levels of 
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stress over time, residents of more highly impacted communities of commercial fishers 

continued to exhibit signs of stress and disruption for 18 months subsequent to the spill,[4, 

5] and signs of depression, anxiety, and posttraumatic stress disorder up to six years after the 

oil spill.[8] With respect to the Deepwater Horizon Oil Spill, less is known. An examination 

of BRFSS respondents in affected coastal communities in Mississippi and Alabama in 2011, 

one year after the oil spill, reported a smaller proportion of individuals with depressive 

symptoms compared to 2010, four months after the DHOS, though symptoms were still 

higher in these individuals compared to the rest of the population.[30] Another study of two 

coastal counties in Alabama and Florida observed no significant declines in anxiety and 

depression a year after the DHOS.[31] Notably, none of these studies used a general 

community-dwelling population in a truly longitudinal study design.

The objective of this study is to address the paucity of longitudinal data on the mental health 

effects of oil spill disasters by 1) describing the changes in depressive symptoms and mental 

distress among women living in coastal Louisiana following the DHOS over two time 

periods; and 2) examining the relationship between DHOS exposure and depressive 

symptoms, and DHOS exposure and mental distress over time.

Methods

Study Design and Population

The Women and Their Children’s Health (WaTCH) Study is a prospective cohort designed 

to assess the longitudinal health effects of the Deepwater Horizon oil spill (DHOS) on 

women in seven coastal Louisiana parishes. Women were selected as the population of 

interest because they represent an influential yet vulnerable and understudied population. 

They are often central to decision-making processes within households, particularly with 

respect to decisions regarding health, support, diet, and caregiving. Details of the study have 

been presented elsewhere (see Peters et al[32]). Briefly, women were randomly recruited 

through an address-based sampling frame and were eligible to participate if they were 

between 18 and 80 years old and lived in the study area at the time of the oil spill. A first 

round of telephone interviews was conducted between July 2012 and August 2014; follow-

up data were collected by telephone between September 2014 and June 2016. 2852 women 

participated in the original survey, representing a Wave 1 response rate of 45%. 2038 of 

these women completed the follow-up survey at Wave 2, resulting in a retention rate of 72%.

The WaTCH Study was reviewed and approved by the Louisiana State University Health 

Sciences Center Institutional Review Board. Study data were collected and managed using 

Research Electronic Data Capture (REDCap) electronic data capture tools hosted at the 

Epidemiology Data Center at the LSUHSC School of Public Health.[33] REDCap is a 

secure, web-based application designed to support data capture for research studies, 

providing a) an intuitive interface for validated data entry; b) audit trails for tracking data 

manipulation and export procedures; c) automated export procedures for seamless data 

downloads to common statistical packages; and d) procedures for importing data from 

external sources.
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Measures

Exposures—Exposure to the oil spill was estimated at Wave 1, as done in our previous 

analyses,[23, 32, 34] using nine self-reported items grouped into two factors that were 

identified through exploratory factor analysis. The first factor, consisting of items related to 

income loss, how hard participants perceived they were hit compared to others, and the oil 

spill’s influence on household finances, was labeled “economic exposure.” The second 

factor, consisting of the other six items, was labeled “physical exposure.” Within each factor, 

affirmative responses were summed to give total exposure scores. Table 1 shows the 

frequencies of individual items and total exposure scores. Time since oil spill, the other 

exposure of interest, was calculated as the number of years between each interview date and 

the date of the Deepwater Horizon oil spill (April 20, 2010).

Outcomes—Two mental health outcomes were assessed in both waves of data collection: 

depressive symptoms and mental distress. Depressive symptoms were measured with the 20-

item Center for Epidemiological Studies Depression (CESD) Scale, which was designed for 

epidemiological studies to measure depressive symptoms, including those due to major 

depressive disorder, minor depression, secondary depression, situational depressive reaction, 

and transient mood variations.[35] Respondents were asked how often they had experienced 

a series of depressive symptoms in the past week, such as whether they were bothered by 

things that don’t usually bother them, or whether they felt happy. Higher scores indicated 

greater levels of depressive symptoms. The CESD was used in our models as a continuous 

outcome; for descriptive purposes, a score with a cut-off greater than or equal to 16 indicates 

depressive symptoms.[35] The Kessler-6 (K6) scale of non-specific psychological distress 

was used to screen for anxiety and mood disorders occurring within 30 days of the interview.
36,37 Respondents were asked how often during the past 30 days they felt nervous, hopeless, 

restless or fidgety, depressed, that everything was an effort, and worthless. Higher scores 

indicated greater likelihood of mental distress. The K6 was also used in our models as a 

continuous outcome; for descriptive purposes, scores with a cut-off greater than or equal to 

13 indicated probable serious mental distress, and scores between 8 and 12 indicated 

probable moderate mental distress.[36]

Covariates—Potential confounders were selected based on a review of the literature. Race 

was grouped into three categories: non-Hispanic white, non-Hispanic African American, and 

Hispanic/multiracial/other (which also included Asian/Pacific Islanders and Native 

Americans). Education at Wave 1 was measured as less than high school, high school 

graduate, and college or higher. Household income was reported at Wave 1 for the year 

immediately preceding the oil spill and at Wave 2 for the current year; it was grouped into 

four categories: ≤$20,000/year, between $20,000 and $50,000/year, between $50,000 and 

$80,000/year, and >$80,000/year. Age at the time of the oil spill was assessed at Wave 1 in 

years as a continuous variable.

Statistical Analysis

Descriptive statistics such as means and proportions were calculated for mental health 

outcomes, exposure items, and all covariates. Wilcoxon-signed rank tests were used to 

compare depressive symptoms and mental distress scores between two waves of data 
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collection. Rate ratios were estimated for the association between oil spill exposure, time 

since the oil spill, and the mental health outcomes of depressive symptoms and mental 

distress scores using generalized estimating equations (GEE). Since the CESD and K6 

scores were highly right-skewed, we assumed that both scores’ means and variance structure 

are from the Poisson distribution with log link in our GEE models with an unstructured 

working correlation matrix. Note that GEE methods are robust to an assigned correlation 

structure. All models were adjusted for age at oil spill, race, income, education, and time 

since the oil spill. We assumed a missing completely at random (MCAR) structure for 

missing variables in the final models. Although not presented here, we also assessed 

interactions between time and exposures in both models; none of the interactions were 

significant. All statistical analyses were performed using SAS 9.4.[37]

Results

Table 1 describes the sociodemographic and exposure characteristics of participating women 

at Wave 1. Women were White (55%) or African American (36%), high school graduates 

(58%), had a pre-oil spill household income of $20,000-$50,000/year (30%), and were on 

average 43.5 years old (SD 12.36) at the time of the oil spill. At Wave 1, women were 

interviewed on average 3.1 (SD 0.38, range 2.3–4.3) years after the oil spill; at Wave 2, they 

were interviewed on average 5.3 (SD 0.46, range 4.4–6.1) years after the oil spill.

Table 2 displays the mental health outcomes observed in the WaTCH population at each 

wave of data collection. Mean scores for depressive symptoms significantly increased over 

time from 11.9 (SD 12.52) at Wave 1 to 14.5 (SD 13.50) at Wave 2. Women who scored 16 

or higher on the CESD scale, which is suggestive of depressive symptoms, comprised 28.2% 

of the sample at Wave 1 and 35.5% of the sample at Wave 2. Meanwhile, mean scores for 

mental distress significantly decreased from 6.2 (SD 5.28) at Wave 1 to 5.9 (SD 5.38) at 

Wave 2. Women who scored 13 or higher on the K6, suggestive of probable serious mental 

distress, comprised 12.9% of the sample at Wave 1 and 13.2% of the sample at Wave 2; 

while those who scored between 8 and 12 on the K6, suggestive of moderate mental distress, 

comprised 20.0% of the sample at Wave 1 and 15.8% of the sample at Wave 2.

Table 3 shows the results of GEE models of the associations over time between oil spill 

exposure and depressive symptoms and mental distress; results are presented in terms of rate 

ratios. For depressive symptoms, years elapsed since the oil spill, as well as both physical 

and economic exposure to the DHOS, were significantly associated with increasing 

depressive symptoms after adjustment for race/ethnicity, education, household income, and 

age at the time of the DHOS. For every unit increase in physical exposure score, the 

expected rate ratio for depressive symptoms increased by a factor of 1.11 (95% CI 1.06–

1.14), while for every unit increase in economic exposure score, the expected rate ratio for 

depressive symptoms increased by a factor of 1.08 (95% CI 1.04–1.13). In addition, for 

every year increase in time since the oil spill, the expected rate ratio for depressive 

symptoms increased by a factor of 1.08 (95% CI 1.06–1.11). Similarly for mental distress, 

time since the oil spill as well as both physical and economic exposure to the DHOS were 

significantly associated with mental distress after adjustment for race/ethnicity, education, 

household income, and age at time of DHOS. For every unit increase in physical exposure 
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score, the expected rate ratio for mental distress increased by a factor of 1.11 (95% CI 1.07–

1.13); while for every unit increase in economic exposure score, the expected rate ratio for 

mental distress increased by a factor of 1.05 (95% CI 1.01–1.08). In contrast to depressive 

symptoms, however, for every year increase in time since the oil spill, the expected rate ratio 

for mental distress decreased by a factor of 0.97 (95% CI 0.95–0.99)).

To illustrate the model results, we grouped economic exposure into two categories (none (0) 

and any (1)) and physical exposure into three categories (none (0), one (1), and greater than 

one (2)) (see Table 1). Figure 1 shows the relationship between depressive symptoms and 

time by economic exposure category (panel A) and by physical exposure category (panel B). 

Predicted values of depressive symptoms increased over time, and for each type of exposure 

at each time point, those who experienced more exposure (economic or physical) had 

approximately 30% higher depression scores than those who experienced less exposure 6 

years after the DHOS, when all covariates were fixed at their mean value or baseline 

category. Panels C and D show the relationship between mental distress and categories of 

economic and physical exposure. In this case, predicted values of mental distress decreased 

with time, although those who experienced more exposure (economic or physical) still had 

higher mental distress scores at each time point (approximately 11% for economic exposure 

and 29% for physical exposure 6 years after the DHOS). Interaction terms to test for changes 

in the exposure-outcome relationship were non-significant (data not shown).

Discussion

The objectives of this study were to 1) describe the changes in depressive symptoms and 

mental distress among women living in coastal Louisiana over two time periods following 

the DHOS; and 2) examine the relationship between DHOS exposure and the two mental 

health outcomes over time. We found that depressive symptoms among Louisiana coastal 

women had increased from Wave 1 (approximately 2–4 years after the oil spill) to Wave 2 

(after 4–6 years of follow-up), while symptoms of mental distress had decreased in that 

same time period. We also found that initial associations between economic and physical 

exposure to the oil spill and both mental health outcomes have persisted up to six years after 

the spill, with women who were more highly exposed to the oil spill experiencing higher 

levels of depressive symptoms and mental distress at each time point.

The generalization that the greatest level of mental health symptoms occurs in the first year 

after a disaster[26] has not been affirmed in the present study with respect to depression. Our 

study reinforces other analyses of the DHOS of shorter duration.[30, 31, 38] For example, 

Hansel et al assessed recovery in 314 Gulf Coast residents in the first year following the 

DHOS (2010–11) and again just after the second anniversary (2012). Using the same 

measure of depression we did, they found that depression scores between the two time 

periods remained largely unchanged.[38] Our results show an increase in depressive 

symptoms after a longer time interval and thus begin to provide some definitive evidence to 

support long-term health impacts of oil spills.[39]

A possible explanation for the increase in depressive scores in the present study centers 

around the already heightened vulnerability of the study population due to previous 

Rung et al. Page 6

Disaster Med Public Health Prep. Author manuscript; available in PMC 2019 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



disasters. The impact of Hurricanes Katrina and Rita in 2005 was extensive, with mental 

health consequences still being experienced years later. Indeed, an early study of the mental 

health effects of the DHOS found that prior exposure to Hurricane Katrina was associated 

with anxiety, depression, and posttraumatic stress, making residents even more vulnerable to 

the effects of the DHOS,[17] and highlighting the complexity of disentangling the 

cumulative effects from each disaster. A limitation of the current study is that almost all 

participants had been exposed to the 2005 hurricanes.[32]

Another possible explanation for the increase in depressive scores is the impact of oil spills 

on social ties. Reductions in social support are associated with post-disaster psychological 

symptoms.[26] Extensive research from the Exxon Valdez oil spill demonstrated the 

disruption of social relations that occurred in affected communities, leading to long-lasting 

psychological effects.[39] Our own analyses of the WaTCH sample from the first wave of 

data collection revealed the negative impact that oil spill exposure had on social capital and 

social support, coping resources that would normally protect against depression.[40] It is 

possible that these social resources continued to deteriorate and ultimately led to higher 

depressive scores even six years after the event.

Severe mental distress, on the other hand, actually did improve slightly over time in the 

present study, lending support to a more resilient recovery process whereby symptoms begin 

to decline following an acute period early post-disaster. This process is similar to patterns of 

mental health recovery observed after other disasters, where an immediate increase in 

symptoms in the first post-disaster year yields to subsequent declines thereafter.[26] For 

example, in a 27-year longitudinal follow-up of the capsizing of a North Sea oil rig, 

nonspecific distress was high in the first year after the disaster, but decreased by 14 months 

and leveled out after about 5 years.[41] Similarly, findings from a study of low-income 

parents in New Orleans demonstrated an increase in severe mental distress approximately a 

year after Hurricane Katrina,[42] with declines registered five years later, though they had 

not returned to pre-hurricane levels.[43] Results from the present study suggest a similar 

pattern of high levels of mental distress symptoms early post-disaster that later declined 

somewhat, lending support to the general rule for symptoms improving as time passes.[26] 

While it can be debated whether or not the observed decline in mental distress is meaningful 

in a clinical sense, we suggest that a population perspective that focuses on lowering the 

mean level of risk factors, or shifting the whole distribution of exposure in a favorable 

direction,[44] is more appropriate. Even a small change in the mental distress score, given 

the prevalence of the condition in our study, could translate into a meaningful differece when 

considered from a population perspective.

This study also found that the association between DHOS exposure and both types of mental 

health symptoms did not weaken over time, regardless of whether the symptoms increased 

or decreased. This finding lends more support to the conclusion that increased DHOS 

exposure is associated with worse mental health symptoms, as those with higher levels of 

exposure consistently exhibited more psychological symptoms, even up to six years after the 

disaster. For technological disasters such as oil spills, the exposure can be long-lasting, even 

after the immediate oil spill is contained and clean-up has been completed. Ongoing issues 

such as job or income loss, disruptions in subsistence and commercial activities such as 
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fishing, and even the litigation process itself do not resolve themselves immediately and 

serve to keep the disaster prominent in survivors’ minds long after the acute experience has 

ended. In the case of the Exxon Valdez Oil Spill, where litigation continued for nearly 20 

years, research showed that intrusive stress levels for litigants were higher eleven years after 

the spill than they were in the first few years, and involvement in oil spill litigation became a 

relatively stronger predictor of intrusive stress over time.[45] While the DHOS litigation 

ended after five years with the largest settlement in US history,[46] it was still ongoing at the 

time of the present study, and may account for the persistent relationship noted between oil 

spill exposure and mental health. Future studies are needed to identify the precise trends in 

mental health recovery and continuing associations with oil spill exposure.

This study is not without limitations. One is the lack of pre-oil spill baseline data, making it 

difficult to unravel the residual and cumulative mental health effects from previous disasters 

or other stressors. While our study does provide a longitudinal perspective, it is limited by its 

use of only two follow-up assessments. More research is needed with additional time points 

to understand the exact trajectories of post-disaster mental health symptoms. Nevertheless, 

few longitudinal studies of oil spill survivors exist with multiple follow-ups, and ours is the 

first to examine mental health as late as six years after the Deepwater Horizon oil spill. It is 

also the only study to examine mental health in a large community-dwelling sample of 

women distributed over seven coastal Louisiana parishes.

Conclusion

Future disaster mitigation and response planning must take into account the duration and 

nature of mental health symptoms. Understanding the post-disaster recovery patterns of 

affected residents can help direct critical mental health response efforts, and programs to 

decrease susceptibility to mental health problems can be developed and targeted.
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Figure 1. 
Illustration of relationship between mental health outcomes and exposure to the DHOS, over 

time. WaTCH Sample, Louisiana, 2012–2016. Panel A shows the relationship between 

depressive symptoms and years since the oil spill, by economic exposure category. Panel B 

shows the relationship between depressive symptoms and years since the oil spill, by 

physical exposure category. Panel C shows the relationship between mental distress and 

years since the oil spill, by economic exposure category. Panel D shows the relationship 

between mental distress and years since the oil spill, by physical exposure category.
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Table 1

Sociodemographic and Deepwater Horizon Oil Spill Exposure Characteristics at Wave 1, WaTCH Sample, 

N=2038, Louisiana, 2012–2016.

Characteristic n %

Race/ethnicity

Non-Hispanic White 1123 55.13

Non-Hispanic African American 732 35.94

Hispanic/multi/other 182 8.93

Education

Less than high school 232 11.39

High school graduate 1189 58.37

College or higher 616 30.24

Pre-DHOS household income

<= $20K/year 472 24.72

$20K–$50K/year 581 30.43

$50–$80K/year 399 20.90

>=$80K/year 457 23.94

Age at time of oil spill (mean, SD) 43.5 12.36

Economic Exposure

Lost HH income as a result of employment disruption/closing of business due to oil spill 521 25.69

Hit harder by oil spill than others in community 127 6.34

Oil spill had somewhat or very negative influence on HH financial situation 752 37.36

Physical Exposure

Oil spill caused damage to areas fished commercially 141 6.92

Could smell the oil 758 38.75

Came into physical contact with oil in other ways (e.g., during home, recreation, hunting, fishing, or other activities 437 21.6

Oil spill directly affected recreational hunting/fishing/other activities of household 706 34.81

Worked on any oil spill clean-up activities 36 1.77

Any property lost or damaged because of oil spill or cleanup 50 2.46

Total Economic Exposure Score (mean, SD)a 0.69 0.87

Total Physical Exposure Score (mean, SD)a 0.93 1.08

Missing data: race/ethnicity (n=1); education (n=1); income (n=129); lost income (n=10); hit harder (n=34); negative influence (n=25); smell 
(n=82); physical contact (n=15); recreational activities (n=10); lost/damaged property (n=2)

a
Total scores calculated as sum of affirmative responses
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