1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Am J Geriatr Psychiatry. Author manuscript; available in PMC 2020 March 01.

-, HHS Public Access
«

Published in final edited form as:
Am J Geriatr Psychiatry. 2019 March ; 27(3): 310-321. doi:10.1016/j.jagp.2018.11.006.

Association of Posttraumatic Stress Disorder Symptoms
following Hurricane Katrina with Incident Cardiovascular
Disease Events among Older Adults with Hypertension

Zachary Lenane, MD, MPHY2:3, Erin Peacock, PhD, MPH!, Cara Joyce, PhD#, Edward D.
Frohlich, MD®, Richard N. Re, MD?, Paul Muntner, PhD®, and Marie Krousel-Wood, MD,
MSPH12:5

1Department of Medicine, Tulane University School of Medicine, New Orleans, LA (Dr. Lenane
completed this work as a combined MD/MPH student at Tulane University; he is currently a
psychiatry resident in San Mateo, California)

2Department of Epidemiology, Tulane University School of Public Health and Tropical Medicine,
New Orleans, LA

3San Mateo County Behavioral Health and Recovery Services, San Mateo, CA

4Department of Public Health Sciences, Stritch School of Medicine, Loyola University Chicago,
Chicago, IL

50chsner Clinic Foundation, New Orleans, LA

6Department of Epidemiology, School of Public Health, University of Alabama at Birmingham,
Birmingham, AL

Abstract

Objective: To determine the association of posttraumatic stress disorder (PTSD) symptoms
following Hurricane Katrina with incident cardiovascular disease (CVD) events in older,
hypertensive, community-dwelling adults, overall and stratified by age, sex and race.

Design: Prospective cohort study.

Setting: Southeastern Louisiana 12 to 24 months following Hurricane Katrina through February
2011.

Participants: Community-dwelling older adults (n=2073) enrolled in the Cohort Study of
Medication Adherence among Older Adults (CoSMO) with no known history of CVVD events.
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Measurements: Posttraumatic stress disorder (PTSD) symptoms were assessed via telephone
interview 12 to 24 months following Hurricane Katrina using the PTSD CheckList — Specific
Version (PCL-S). The presence of PTSD symptoms was defined by scores = 37. Incident CVD
events (stroke, myocardial infarction, hospitalization for congestive heart failure, or CVD death)
were identified and adjudicated over a median 3.8 year follow-up period.

Results: Overall, 8.6% of participants screened positive for PTSD symptoms and 11.6% had an
incident CVD event during follow-up. PTSD symptoms were associated with an adjusted hazard
ratio (aHR) for CVD events of 1.7 (95% confidence interval [CI] 1.1, 2.6). The association was
present among blacks (aHR 3.3, 95% CI 1.7, 6.3) but not whites (aHR 0.9, 95% CI 0.4, 1.9); the
interaction of PTSD symptoms and race on CVD events was statistically significant.

Conclusions: PTSD symptoms following Hurricane Katrina were associated with a higher risk
of incident CVD in older adults with hypertension, with stronger association in blacks compared
to whites.
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INTRODUCTION

Hurricane Katrina made landfall in southeastern Louisiana on August 29, 2005, resulting in
over 1800 deaths across a disaster area of over 90,000 square miles including the New
Orleans metropolitan area (1). Over one million residents were displaced, thousands of
homes were destroyed, and entire neighborhoods were lost in the storm, making it one of the
most expensive disasters in U.S. history (2). Louisiana’s healthcare safety net and broader
public health system were similarly devastated (3). The prevalence of post-traumatic stress
disorder (PTSD) in affected areas dramatically increased following the storm (4), and serial
cross-sectional analyses have revealed a statistically significant increase in acute myocardial
infarction admissions at a major New Orleans hospital in the subsequent six years (5).
Longitudinal research on survivors of Hurricane Katrina has proven challenging due to the
chaotic nature of the evacuation (6) and the broad dispersion of survivors following the
storm (7).

PTSD is a common, debilitating anxiety disorder following exposure to a traumatic event
that has been associated with poor health outcomes, particularly with respect to the
cardiovascular system (8). Longitudinal studies among mostly white, male veterans with
combat-related PTSD have consistently found that PTSD increases the risk of cardiovascular
disease (CVD) and related events (9). However, given that risk factors for developing PTSD
symptoms after exposure to trauma differ between military and civilian samples (10) and the
mental health consequences of trauma vary for different people and depending on its source
(11), these findings may not be generalizable to civilians with exposure to other sources of
trauma.

Less is known about the association between PTSD symptoms and incident CVD among
civilians exposed to natural disasters, and only a few studies have explored this association
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in samples from non-white (12) and female populations (13), though the risk of PTSD and
CVD differ substantially by race and sex (8). Individuals exposed to natural disasters have
an increased risk for cardiovascular events compared to those exposed to other sources of
trauma (14,15). Hurricane Katrina survivors with PTSD, in particular, have shown evidence
of abnormal heart rate variability responsiveness to trauma reminders associated with
increased cardiovascular disease risk (16), though recent research found no significant
association between PTSD and cardiovascular disease mortality and hospitalization among
Katrina survivors with end stage renal disease (17). Data are limited on the association of
PTSD symptoms following a natural disaster and incident CVD in older community
dwelling women and men. Therefore, we tested whether PTSD symptoms due to Hurricane
Katrina in the 12 to 24 months following the storm were associated with incident composite
CVD events in a prospective cohort of older adults with established hypertension; we
explored differences by age, sex and race.

METHODS
Study Sample and Design

The sample included in the present study was from the Cohort Study of Medication
Adherence in Older Adults (CoSMO), a prospective cohort study of factors associated with
antihypertensive medication adherence and CVD outcomes in elderly adults with established
hypertension in southeastern Louisiana. The eligibility criteria, baseline characteristics,
design, and response rates have previously been published (18). Briefly, adults with essential
hypertension aged 65 years and older were selected randomly from a managed care
organization (MCO). Other key inclusion criteria were having a pharmacy fill for
antihypertensive medication in the previous year, being community dwelling, being able to
understand and speak English, and not having cognitive impairment. A total of 2,194
participants completed the baseline survey 12 to 24 months after Hurricane Katrina, and
were followed through February 2011 for CVD event incidence and mortality. The current
analyses were restricted to participants who had pharmacy refill data and no hospitalizations
(based on MCO utilization data) for stroke, myocardial infarction (MI), or congestive heart
failure (CHF) in the year prior to the administration of the baseline survey. CoSMO was
approved by the privacy board of the managed care organization and Ochsner Health
System’s Institutional Review Board.

Data Collection Overview

Data were obtained through telephone surveys administered by trained interviewers,
administrative databases of the MCO, vital records, and medical records based on a
published conceptual model (18, 19).

Primary Independent Variable

The primary independent variable was PTSD symptoms. PTSD symptoms were assessed
using the PTSD Checklist — Specific Version (PCL-S) screening tool (20) (the PCL 17 items
can be accessed at https://www.ptsd.va.gov/professional/assessment/documents/APCLS.pdf;
accessed 9-7-2018). For this study, the PCL-S assessed PTSD symptoms related to their
exposure to Hurricane Katrina and its aftermath such as: “Please indicate how much you
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have been bothered by repeated, disturbing dreams of Hurricane Katrina and the aftermath

of the storm in the last month?” Response options included not at all, a little bit, moderately,

quite a bit, or extremely. The questionnaire consists of 17 items grouped into three sub-
scales: intrusion/re-experiencing symptoms (5 items), avoidance symptoms (7 items), and
hyperarousal symptoms (5 items). Each item is scored on a Likert-response scale ranging
from 1 to 5, and the total score is the summation of all 17 scored items (possible range
17-85). The PCL has been previously administered by telephone (21) and has high
sensitivity for detecting PTSD compared to structured interviews (22). A higher score
indicates a higher likelihood of PTSD and severity of PTSD symptoms. The optimal PCL
cut-point varies according to clinical setting and sample demographics, and a cut-point of 37
has been identified as optimal for identifying PTSD symptoms in older, community-
dwelling adults (23). As such, a PCL score = 37 was used to identify the presence of PTSD
symptoms in the current study.

The primary outcome was a composite CVD endpoint including CVD death and nonfatal
hospitalization for stroke, myocardial infarction (Ml), or congestive heart failure (CHF) and
has been previously described (24). Briefly, deaths were identified using the Social Security
Death Index and cross-referencing with administrative databases and obituaries. Death
certificates were obtained from local health departments and the cause of death was
categorized as CVD or non-CVD-related. Medical record review was used to corroborate
causes of death when possible. Hospitalization information was obtained via review of
administrative databases, medical records, and physician adjudication. The following
International Classification of Diseases, Ninth Revision (ICD9) codes were used over the
follow-up period to search administrative databases and medical records for stroke: 430.xx,
431.xx, 432.xX, 433.xx, 434.xx; MI: 410.xx (except 410.x2); and CHF: 402.xl, 428.xx. Each
CVD event was recorded on a standardized form by a trained research nurse (25). All
outcomes were adjudicated as previously described (24). Participants were followed until
their first CVD event or until the end of the follow up period on February 28, 2011.

Socio-demographic, Healthcare, Psychosocial, Lifestyle, Clinical (18), and Hurricane-
related Variables

Socio-demographic, healthcare, psychosocial, clinical, and hurricane-related factors were
collected from participants’ surveys, medical records, and administrative and claims
databases of the managed care organization.

Socio-demographic variables assessed during the baseline telephone interview included age
(75 years and over versus 65 years to under 75 years), sex (male versus female), race (black
versus white), marital status, and education.

Healthcare variables assessed during the baseline telephone interview included satisfaction
with healthcare overall, with healthcare communication, and with healthcare access (26);
number of visits to a primary care provider in the previous year; and reduced
antihypertensive medications due to cost.
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Psychosocial variables assessed during the baseline telephone interview included depressive
symptoms, stress, social support, and coping. Depressive symptoms were assessed with the
20-item Center for Epidemiologic Studies Depression Scale (27). Stress was assessed using
the Perceived Stress Scale (PSS) (28). Social support was assessed using the Medical
Outcomes Study (MOS) social support survey (29). Coping was assessed with seven items
from the 12-item John Henry Active Coping scale (30).

Lifestyle variables collected during the baseline telephone interview included self-reported
height, weight, current or former smoking status, number of alcoholic drinks consumed per
week, and use of lifestyle modifications for blood pressure control (exercise, salt reduction,
fruit and vegetable consumption) (18). Body mass index was calculated using self-reported
data and the formula weight (kg)/height (m)>2.

Clinical variables included antihypertensive medication adherence, blood pressure,
comorbidities, and number of antihypertensive medication classes filled. Antihypertensive
medication adherence was measured using pharmacy refill data from administrative claims
to calculate the prescription-based proportion of days covered (PDC) (31). Blood pressure
readings were obtained from medical records. Uncontrolled blood pressure was defined as
average systolic blood pressure =140 mmHg or average diastolic blood pressure 290 mmHg
over the two most recent readings relevant to the survey. Claims data were used to determine
the Charlson Comorbidity Index (CCI) and number of classes of antihypertensive
medication prescriptions filled by each participant.

Hurricane-related factors were assessed during the baseline telephone interview. The ZIP
code reported by each participant for his/her residence before Hurricane Katrina was used to
categorize participants as residing in high or low affected areas. High-affected areas
included parishes (counties) in the greater New Orleans area (i.e., Orleans parish and four
adjacent parishes); the remaining parishes were categorized as low-affected. The extent of
home damage was assessed using a single item and dichotomized as extensive (>25%)
versus less extensive (= 25%). Additionally, participants reported whether a friend or family
member died within one month of Hurricane Katrina, whether they evacuated prior to the
hurricane, and whether they were currently residing in the same home as before the
hurricane.

Statistical Analysis

Participant characteristics were calculated overall and by PTSD symptom status using the
cut-point of = 37 or < 37 on the PCL. The statistical significance of differences in participant
characteristics by PTSD symptom status were assessed using Pearson’s chi-square tests of
independence. The statistical significance of differences in mean PCL scores among white
and black participants were assessed with Welch’s two-sample t-test. Cumulative incidence
of CVD events by PTSD symptom status was calculated via the Kaplan-Meier method.
Hazard ratios (HR) and 95% confidence intervals (Cl) for CVD events associated with
PTSD symptom status were estimated using progressively adjusted Cox proportional hazard
models. The proportional hazards assumption was assessed by calculating both scaled and
unscaled Schoenfeld residuals (all covariates and the global test were non-significant) as
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well as inspecting complementary plots. The initial model adjusted for age, sex, race, marital
status, and education. Subsequent models adjusted for blood pressure control, Charlson
Comorbidity Index, number of antihypertensive medication classes, overall dissatisfaction
with healthcare, reduced antihypertensive medications due to cost, number of visits to a
primary care physician in the past year, pharmacy refill medication adherence (PDC),
depressive symptoms, coping, smoking status, alcohol intake, body mass index, healthy
lifestyle behaviors for blood pressure control, living in an area that was highly affected by
Hurricane Katrina, extensive home damage, experienced the death of a family member or
friend after the hurricane, evacuation prior to the hurricane, and did not return to the same
home after the hurricane. All variables that were statistically significantly associated with
CVD events in bivariate analyses were included in the Cox proportional hazards model with
the exceptions of satisfaction with healthcare access and satisfaction with healthcare
communication, which were excluded based on co-linearity with overall satisfaction with
healthcare. Smoking status, alcohol intake, body mass index, and healthy lifestyle behaviors
were not statistically significantly associated with CVD events in bivariate models but were
included to maintain consistency with a previous analysis examining risk factors for
cardiovascular events in the CoSMO cohort (24). Age-, race- and sex-stratified subgroup
analyses were performed and effect modification was tested by including a PTSD-by-race,
PTSD-by-sex, or PTSD-by-age interaction term in the fully adjusted model that included the
overall sample. In sensitivity analysis, overall and age-, sex-, and race-stratified HR for
composite CVD associated with PTSD were modeled using an alternate cut point (PCL >
44). This cut-point is a commonly used cut point in the general population (7,31). Given the
relatively low frequency of occurrence of missing data, a complete case analysis was
performed. All analyses were performed using R 3.3.2 (R Core Team).

Baseline Characteristics

Of the 2,194 participants in the CoSMO cohort, 57 were excluded due to hospitalization
related to a CVD event in the year prior to the baseline survey. There were 62 participants
excluded due to missing pharmacy refill data (24). An additional two participants were
excluded from the current analysis due to missing PCL data. Those excluded from the
analysis were more likely than those included in the analysis to be male, to have low
hypertension knowledge, to have a comorbidity score =2, to take three or more classes of
antihypertensive medications, to have visited their healthcare provider six or more times in
the last year, and to ever have smoked; they were less likely to have evacuated prior to
Hurricane Katrina. At baseline, the mean age of the 2,073 participants included in the
analyses was 75 years (standard deviation, 5.6), 59.8% were women, 30.3% were black, and
57.0% were married (Table 1). Over a median follow-up of 3.8 years, 240 (11.6%)
participants had a total of 335 CVD events including 73 (21.8% of all events) CVD deaths,
48 (14.3%) strokes, 85 (25.4%) Mls, and 129 (38.5%) CHF hospitalizations.

The point prevalence of PTSD symptoms (PCL = 37) 12 to 24 months following Hurricane
Katrina was 8.6%. Participants with PTSD symptoms were more likely to be female, be
black, have less than a high school education, have low hypertension knowledge, have low
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pharmacy fill medication adherence, have a body mass index (BMI) = 25 kg/m?, report low
satisfaction with their overall healthcare, communication with their healthcare provider, and
access to care, have reduced antihypertensive medication use due to cost, have visited their
primary care provider six or more times in the year prior to baseline, have depressive
symptoms, have high stress, have low social support, have low coping skills, and use two or
more lifestyle modifications to reduce blood pressure. Those with PTSD symptoms were
also more likely to have lived in an area highly affected by Hurricane Katrina, to have
extensive damage to >25% of their respective homes, to have a friend or family member who
died within one month of the hurricane, to have evacuated prior to the hurricane, and not to
have returned to the same home they were living in prior to the hurricane (Table 1). Black
participants had a statistically significantly higher mean PCL score than white participants:
26.7 + 10.3 versus 22.7 £ 7.5 (t = —8.92, df = 936.7, p<0.001). Black versus white
participants were less likely to report living in a high affected area prior to the storm (66.4%
versus 72.5%, Pearson’s x = 7.8, df = 1, p = 0.005) and evacuating prior to the hurricane
(68.6% versus 74.2%, Pearson’s x = 6.7 df = 1, p = 0.010); but more likely to report having
extensive damage to home (55.9% versus 28.0%, Pearson’s y? = 145.1, df = 1, p<0.001),
having a family member or friend who died within one month of the hurricane (26.5%
versus 15.1%, Pearson’s Xz =37.5,df = 1, p <0.001), and not having returned to the same
home they were living in prior to the hurricane (25.0% versus 16.3%, Pearson’s XZ =21.6,
df = 1, p<.001).

The proportion of the sample experiencing a CVD event during follow-up was 18.0% and
11.0% among those with and without PTSD symptoms, respectively (Figure 1). Compared
to those without PTSD symptoms, the adjusted HR (aHR) for the CVD outcome associated
with PTSD symptoms was 1.7 (95% CI 1.1, 2.6, Wald XZ =4.8,df =1, p=0.03) (Figure 2,
Table 2, full model results presented in Table S1). The association between PTSD symptoms
and the CVD outcome showed a statistically significant interaction by race (Wald x2 = 11.2,
df = 1, p = 0.001), but not sex (Wald x2 = 1.4, df = 1, p = 0.24) or age (Wald x2 = 0.4, df =
I,p = 0.51) (Figure 2, Table 2, full model results presented in Table S2). Among blacks, the
aHR for the CVD outcome associated with PTSD symptoms was 3.3 (95% CI 1.7, 6.3, Wald
x? =12.3, df = 1, p<.001). Among whites, the aHR was 0.9 (95% CI 0.4, 1.9, Wald 2 = 0.
1,df=1,p=0.78).

Sensitivity Analysis

The point prevalence of PTSD symptoms 12 to 24 months following Hurricane Katrina
using the alternate cut-point on the PCL was 4.4%. Compared to those without PTSD
symptoms, the aHR for the incident CVD outcome associated with PTSD symptoms was 3.4
(95% CI 2.0, 5.7, Wald XZ =21.7 df = 1, p<.001) (Figure S1, Table S3). The aHR was 4.8
(95% ClI 2.2, 10.7, Wald 2 = 15.0, df = 1, p<.001) among blacks and 2.3 (95% Cl 1.0, 5.3,
Wald XZ =4.0,df = 1, p = 0.046) among whites. There were no statistically significant
interactions by race (Wald x2 = 3.1,df = 1,p = 0.08), sex (Wald x? = 0.0, df = 1, p = 0.99) or
age (Wald x2=0.7,df = 1, p = 0.41).
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DISCUSSION

In this study of older, community-dwelling adults with established hypertension, participants
with PTSD symptoms had a 70% higher risk of incident CVD event than their counterparts
without PTSD symptoms after controlling for sociodemographic, healthcare, psychosocial,
lifestyle, clinical, and Hurricane Katrina-related variables. The results were consistent in the
sensitivity analysis using a higher cut-point to define PTSD symptoms. The interaction of
PTSD symptoms and race was statistically significant in the primary analysis: blacks with
PTSD symptoms were 3.3 times more likely to have an incident CVD event than blacks
without PTSD symptoms while the association of PTSD symptoms with incident CVD event
among whites was not significant (however, it was significant in the sensitivity analysis).
The results were consistent in men and women and in the younger-old and older-old age
groups.

These findings are consistent with previous research suggesting PTSD is an independent risk
factor for cardiovascular disease among older adults (9,32,33) and extend the findings to
community-dwellers with established hypertension following a natural disaster. Studies have
shown that both the prevalence of PTSD (34) and incidence of cardiovascular events (14,15)
increase following natural disasters. This pattern held true for areas affected by Hurricane
Katrina: serial cross sectional analyses at one New Orleans hospital showed a persistent,
threefold increase in acute myocardial infarction admissions (5). PTSD prevalence increased
significantly in the years following the storm (35). The current findings suggest PTSD
symptoms up to 24 months following Hurricane Katrina may partially explain the increased
incidence of CVD and related events following this natural disaster.

Trends in PTSD symptoms following Hurricane Katrina differed from those in other natural
disasters. Normally, PTSD incidence peaks immediately after disasters, declines rapidly in
the first year, and stabilizes by the end of the second (34). Following Hurricane Katrina,
however, PTSD prevalence continued to increase significantly for two years (4). This distinct
pattern has been attributed to less severe but chronic stressors indirectly linked to the
hurricane — financial and interpersonal loss, destruction of social and community resources —
that “erode the resistance resources that would otherwise promote recovery” (35). The
assessment of PTSD in the current study occurred between 12 to 24 months following the
hurricane. The point prevalence of PTSD symptoms (PCL = 37) 12 to 24 months following
Hurricane Katrina in our study cohort of older adults was 8.6%, less than estimates between
14.9%-20.9% for adults of any age living in areas affected by Hurricane Katrina five months
to 1.6 years following the storm, but consistent with findings that older adults were less
likely to develop PTSD than younger individuals (35). Older adults have been shown to
exhibit fewer PTSD symptoms than younger adults following other natural disasters and
traumatic experiences as well (35,36,37).

The current finding that the observed association between PTSD symptoms and incident
CVD events was stronger among blacks is consistent with a cross-sectional study of
chronically depressed elderly combat veterans (12). Cooper and colleagues found that
comorbid PTSD was associated with a significantly higher odds of coronary artery disease
diagnosis among blacks, significantly lower odds among whites and Hispanics, and no
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significant difference among Asians (12). Using longitudinal data and after controlling for
depressive symptoms, we also found that PTSD symptoms were more strongly associated
with subsequent CVD events among older blacks compared to older whites.

A number of factors may contribute to the observed effect modification by race. Controlling
for uncontrolled blood pressure and low medication adherence attenuated, but did not
eliminate, the strength of the PTSD-CVD association in the present study in the primary
analysis. There was no attenuation in the stratified analysis when the same variables were
entered into the model. Prior research indicates that blacks may be more susceptible to the
chronic cardiovascular effects of PTSD because they are less likely to receive indicated
treatment for the disorder (12, 38). Minorities are also less likely than whites to seek and
receive indicated mental health care in the U.S., including for PTSD (39). Compared to
whites, blacks may have less access to community mental health services and receive lower
quality care (40). While the present study lacks income data, all participants were insured
and received care through a single managed care organization in southeastern Louisiana, and
a number of variables related to quality of and access to healthcare were controlled for in the
analysis. As such, it is unlikely that the observed difference is due to confounding by
economic status or access to primary care. Data on mental health care utilization were not
captured in CoSMO, therefore it is unknown whether blacks in our cohort were less likely to
seek or receive mental health care for PTSD symptoms than whites and whether treatment
was associated with lower CVD risk.

Although not captured as part of the current study, racial differences in lifetime trauma load
may also contribute to the stronger PTSD-CVD association among black versus white
participants. Blacks are more likely to experience traumatic events during childhood (39),
which increases risk of developing anxiety disorders and associated health issues later in life
(41). Chronic stress burden due to racial discrimination has also been associated with PTSD
(42,43) and cardiovascular health (44-46). Further work is needed to explore lifetime trauma
load as this was beyond the scope of the current study. While, compared to whites, blacks in
the Gulf South were significantly less likely to evacuate before the storm, be able to return
home if they did evacuate, report reliable emotional support from friends and family, and
maintain their employment (47), inclusion of Hurricane Katrina-related variables (extensive
home damage, living in a highly affected area, experiencing a death of a family member or
friend within one month after the hurricane, evacuation prior to the hurricane, and not
currently living in the same residence as before the hurricane) did not substantively change
the association between PTSD symptoms and CVD risk in the overall or race-stratified
analyses among this sample. Further research is needed to better delineate the factors
contributing to the observed racial difference in the association between PTSD symptoms
and incident CVD events, the mechanism linking PTSD to incident CVD, and whether
screening for PTSD coupled with successful treatment can reduce overall cardiovascular
risk.

Study Limitations and Strengths:

The findings should be considered in the context of study limitations. First, the findings are
based on a sample of insured hypertensive adults, age 65 and older, residing in southeastern
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Louisiana and may not be generalizable to other populations or areas of the United States.
Thirty-nine percent of the individuals >65 years of age randomly selected from the
administrative databases of the MCO and identified as eligible enrolled in the COSMO
study; those not enrolled either refused to participate or had invalid contact information,
likely resulting from displacement following Hurricane Katrina. Those who refused to
participate as well as those who were unable to be reached were more likely to be male,
white, and older compared with those who participated in the study (18); therefore, there is a
possibility of selection bias. In addition, given the inclusion criteria, the results may not
reflect all elderly (e.g., the frail elderly, cognitively impaired and those with previous CVD
events). While we had high recapture rate for follow up surveys of 93.6% (48), it is possible
that loss to follow up may impact the results. Second, although the PCL is validated and
widely used, it is a self-reported screening tool that does not directly diagnose PTSD, is
susceptible to social desirability and recall biases, and was assessed only once during the
CoSMO study. While the PCL asked about symptoms related to Hurricane Katrina, it is
possible that PTSD symptoms related to other sources of trauma are reflected in
participants’ responses. Third, the use of ICD-9 codes to identify CVD events is subject to
misclassification bias; to minimize this risk, CVD events were confirmed against medical
records and physician-adjudicated. Given that all participants were members of the same
MCQ, it is unlikely that the rate of unaccounted for CVD events prior to baseline differed
between those with and without Hurricane Katrina-related PTSD symptoms, however we
cannot rule out this possibility. Although all variables were selected based on a published
conceptual model, there were a number of variables screened for inclusion in the final
models with a possibility of a Type 1 error; therefore, the p values along with the confidence
intervals are included in the tables. While adjusting for Hurricane Katrina-related variables
did not substantively change the associations between PTSD symptoms and CVD risk in the
overall and race-stratified analyses, it is possible that there is residual confounding, based on
unknown variables, geographic burden or vulnerability to the effects of Hurricane Katrina.
Lastly, while our analysis showed significant effect modification by race, the sample sizes
for subgroup analyses were relatively small. Larger longitudinal studies designed
specifically to explore age, race and sex differences are needed.

Our study has many strengths, including its longitudinal design, ability to capture incident
cardiovascular events, relatively high prevalence of PTSD symptoms, and relatively large
sample size with diverse sociodemographic and risk factors. We collected comprehensive
data from patient surveys, administrative databases, and medical records which allowed us to
control for a number of potential confounders including depressive symptoms, medication
adherence, and hurricane-related factors. Confounding by access and insurance status, in
particular, was reduced by including only community-dwelling, hypertensive, older adults in
a managed Medicare sample.

CONCLUSIONS

PTSD symptoms 12 to 24 months following Hurricane Katrina were associated with incident
CVD among elderly, community-dwelling adults with hypertension. The association was
modified by race, with a stronger association between PTSD symptoms and subsequent
CVD among blacks compared to whites. Clinicians and policymakers should be aware of the
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potential long-term effects of psychological distress in older adults resulting from natural
disasters and the increased risk of adverse clinical outcomes associated with PTSD
symptoms in such patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

. Few studies have examined the longitudinal association between PTSD
symptoms and incident CVD in older community-dwelling adults exposed to
natural disasters.

. Overall, PTSD symptoms following Hurricane Katrina were associated with
higher risk of incident cardiovascular disease in this cohort of older adults
with hypertension.

. The association between PTSD symptoms and incident CVD was
significantly stronger among black versus white participants; results were
similar among men and women.
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Figure 1: Cumulative Incidence of Cardiovascular Disease by PTSD Symptoms at Baseline
(Primary Analysis).

Log-Rank test p-value = 0.006

Analysis performed with a PTSD cut-point of = 37 on PCL.
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Hazard Ratio

Figure 2: Adjusted Hazard Ratios? for Incident Cardiovascular Disease Events Associated with
PTSD Symptoms (Primary Analysis)

AWald 2, df=1

bp<0.1, ¢p<0.05, 9p<0.01, €p<0.001

All analyses performed with a PTSD cut-point of = 37 on PCL and adjusted for age, sex,
race, marital status, education, blood pressure control, Charlson Comorbidity Index, number
of antihypertensive medication classes, satisfaction with healthcare, reduced
antihypertensive medications due to cost, number of visits to primary care physician in the
past year, medication adherence (pharmacy fill), depressive symptoms, coping, smoking
status, alcohol intake, body mass index, healthy lifestyles for blood pressure control (fruit
and vegetable intake, exercise, and sodium reduction), living in an area highly affected by
Hurricane Katrina, damage to >25% of residence, having a friend or family member who
died within one month of hurricane, evacuated prior to hurricane, and did not return to same
home after hurricane
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Table 1:

Baseline Characteristics of Participants according to PCL Score

Overall PCL <37 PCL =37
(n=2073)  (n=1895)  (n=178)  p-value T

Socio-Demographics

Age =75 1010 (48.7) 932(49.2) 78(43.8) 0.17
Female 1239 (59.8) 1109 (58.5) 130 (73.0) <0.001
Black 629 (30.3) 539(28.4) 90(50.6)  <0.001
Married 1181(57.0) 1088 (57.4) 93(52.2) 0.18
High school education or greatera 1651 (79.7) 1522(80.4) 129(725) 0.01

Healthcare Variables

Uncontrolled blood pressureb 661 (34.0) 604 (33.9) 57 (35.4) 0.70
Low hypertension knowledge 656 (31.6) 580 (30.6) 76 (42.7) 0.001
Hypertension duration 10 yearsc 1299 (62.9) 1190 (63.0) 109 (61.6) 0.70
Charlson Comorbidity Index = 2 1002 (48.3) 915 (48.3) 87 (48.9) 0.88
Body Mass Index > 25 kg/m? d 1591 (76.8) 1437 (75.9) 154 (86.5) 0.001
2 3 classes of antihypertensive medications 900 (43.4) 826 (43.6) 74 (41.6) 0.60
Low pharmacy refill medication adherence (PDC) 604 (29.1) 533 (28.1) 71 (39.9) 0.001
Not satisfied with overall healthcare? 96 (4.6) 75 (4.0) 21(11.9)  <0.001
Not satisfied with healthcare communication® 218 (10.5) 185(9.8) 33 (18.5) <0.001
Not satisfied with healthcare access 93 (4.5) 72 (3.8) 21 (11.8) <0.001
Reduced antihypertensive medications due to cost” 75 (3.6) 62 (3.3) 13 (7.3) 0.006

> 6 visits to primary care physician in past yearf 456 (22.1)  405(21.4) 51(287) 003
Home blood pressure monitoring 1034 (49.9) 954 (50.3) 80 (44.9) 0.17

Psychosocial Variables

Depressive symptoms 267 (12.9) 180 (9.5) 87 (48.9) <0.001
High stress 698 (33.7)  566(29.9) 132(74.2) <0.001
Low social support 701 (33.8) 617 (32.6) 84 (47.2) <0.001
Low copinga 981 (47.3)  879(46.4) 102 (57.3) 0.005

Lifestyle Variables

Current or former smoker? 1034 (50.3) 958(50.9)  76(434)  0.06
> 2 drinks a week” 440 (21.3) 407 (21.6) 33(18.6) 0.35
> 2 lifestyle modifications 1696 (81.8) 1539(81.2) 157(88.2) 0.02

Hurricane Katrina Variables
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Overall PCL <37 PCL 237

(n=2073)  (n=1895)  (n=178)  p-value T
Lived in highly affected area’ 1458 (70.6) 1309 (69.4) 149 (84.2) <0.001
Damage to >25% of residencem 746 (36.4) 621 (33.1) 125(72.3) <0.001
Friend or family member died within one month”? 379 (18.5) 318 (17.0) 61 (34.9) <0.001
Evacuated prior to hurricanea 1489 (72.5) 1340 (71.4) 149(83.7) <0.001
Did not return to same home 392 (18.9) 326 (17.2) 66 (37.1) <0.001

PCL — PTSD CheckList - Specific

PTSD - Posttraumatic Stress Disorder; PDC — proportion of days covered,;
fp-values from Pearson’s XZ tests of independence, df=1 for all

an=1 missing;

bn:131 missing;

cn:8 missing;

dn:Z missing;

En=4 missing;

fn=6 missing;

gn=16 missing;
hnz? missing;
/n:9 missing;
mn:24 missing;
nn=23 missing;

0n=19 missing
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Table 2:

Page 19

Adjusted Hazard Ratios for Incident Cardiovascular Disease associated with Posttraumatic Stress Disorder

Symptoms
n (%) a a a a a a
with unadjusted HR®  Model 1 aHR Model 2 aHR Model 3 aHR Model 4 aHR Model 5 aHR
CvD (95% CI) (95% ClI) (95% ClI) (95% CI) (95% CI) (95% ClI)
outcome
Overall 240(11.6)
n 2073 2072 1934 1933 1910 1845
All Participants
PCL 237 32(180) 17(1.2,25™  19(13,28 " 16(11,24%  16(10,25"  16(1.0,25%  17(11,26)"
PCL <37 208 (11.0)  reference reference reference reference reference reference
Race Stratification
Whites
PCL 237 12(136)  1.1(0.6,1.9) 1.2 (0.6, 2.1) 0.9 (0.5,1.7) 0.9 (0.4, 1.8) 0.9 (0.4, 1.8) 0.9 (0.4, 1.9)
PCL <37 169 (12.5) reference reference reference reference reference reference
Blacks
PCL 237 20(22.2)  34(20,58)" 34(20,58) " 34019617 34(18,63) 7 3501967 33(17,63)
PCL < 37 39 (7.2) reference reference reference reference reference reference
Sex Stratification
Women
PCL 237 20(154)  18(11,30)°  19(12,31)™ 1801030 17031”17093 211139
PCL <37 98 (8.9) reference reference reference reference reference reference
Men
PCL 237 12(250)  18(10,32)" 19(10,34)%  14(07,27) 1.4 (0.7, 2.9) 1.4 (0.7, 2.8) 1.2 (0.6, 2.5)
PCL <37 110 (14.0)  reference reference reference reference reference reference
Age Stratification
Age =75 years
PCL >37 17(218) 1610274 18(1.1,29° 17010297  16(09,29 1.6 (0.9, 2.9) 1.7(0.9,3.)7
PCL <37 132 (14.2) reference reference reference reference reference reference
Age < 75 years
PCL 237 15(150)  1.9(L1,34)7 22(12,38* 16(0.9,3.0) 19(09,37)1  18(09,35) 1.9 (0.9, 4.0)
PCL <37 76 (7.9) reference reference reference reference reference reference
Ap<0.10,
*
p<0.05,
Hk
p<0.01,
Ak
p<0.001

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2020 March 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Lenane et al. Page 20

AWaid 2, df=1 for all
Model 1 adjusted for age, sex, race, marital status, and education

Model 2 adjusted for Model 1 variables plus uncontrolled blood pressure, Charlson Comorbidity Index, number of antihypertensive medication
classes, satisfaction with healthcare, reduced antihypertensive medications due to cost, number of visits to primary care physician in the past year,
and medication adherence (pharmacy fill) Model 3 adjusted for Model 2 variables plus depressive symptoms and coping

Model 4 adjusted for Model 3 variables plus smoking status, alcohol intake, body mass index, and healthy lifestyles for blood pressure control (fruit
and vegetable intake, exercise, and sodium reduction)

Model 5 adjusted for Model 4 variables plus living in an area highly affected by Hurricane Katrina, damage to >25% of residence, having a friend
or family member who died within one month of hurricane, evacuated prior to hurricane, and did not return to same home after hurricane

CVD - Cardiovascular disease; PTSD — Posttraumatic Stress Disorder; HR — Hazard Ratio; Cl — confidence interval; PCL — PTSD Checklist —
Specific
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