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Abstract

Background: There is substantial heterogeneity in how people react to potentially traumatic
events (PTEs). Although some literature has explored this heterogeneity, there are only a few
studies identifying factors associated with it within the disaster literature.

Objective: The current investigation identified latent classes of post-traumatic stress disorder
(PTSD) symptoms and differences between these classes after exposure to Hurricane Ike.

Methods: Adults living in Galveston and Chambers County, Texas, (/7= 658) completed a battery
of measures during an interview conducted two to five months after Hurricane Ike. Latent class
analysis (LCA) was performed to identify latent classes of PTSD symptoms. Additionally, gender,
age, racial or ethnic minority status, depression severity, anxiety severity, quality of life, perceived
need for services, and disaster exposure were examined to explore class differences.

Results: LCA supported a 3-class model with low (=407, 61.9%), moderate (7= 191,
29.0%), and high PTSD symptoms (7= 60, 9.1%). Women appeared most at-risk for a moderate-

“Corresponding author. Department of Psychology, 378 Moore Building, Pennsylvania State University, University Park, PA, 16801,

USA. gnr18@psu.edu (G.N. Rackoff).

Author agreement

All authors have (1) made substantial contributions to analysis and interpretation of the study and its findings; (2) drafted and revised
the article for intellectual content; and (3) gave their final approval of the version to be submitted. The manuscript has been read and

approved by all authors. We confirm that the article is the original work of all authors and has not received prior publication.

Credit author statement

DrishtiE.Sanghvi: Conceptualization, Methodology, Software, Validation, Formal analysis, Data Curation, Writing - Original Draft,
Writing - Review & Editing, Visualization. GavinN.Rackoff: Methodology, Validation, Data Curation, Writing - Review & Editing,
Visualization, Supervision. Michelle G. Newman: Validation, Writing - Review & Editing, Supervision.

Declaration of competing interest
The authors declare that they have no conflicts of interest regarding this article’s authorship, research, and publication, or any financial
disclosures.

IRB statement

In the Galveston Bay Recovery Study (GBRS), participants were contacted based on their location within the study area (Galveston
County and Chambers County, Texas) and eligibility. Additional information about the terms of use for the GBRS dataset can be found
at: http://www.icpsr.umich.edu/icpsrweb/ICPSR/studies/34801/terms. This study used publicly accessible data from the GBRS dataset,
which was collected with institutional review board approval.

1\We chose to use the BCH method to model associations between latent classes and other variables in the study because this method
accounts for classification error. That is, each participant has non-zero probability of belonging to each class, and we cannot be
entirely certain about someone’s class. Using other variables to predict class membership, such as through logistic regression, would
ignore uncertainty in class membership and increase risk for type | error. Ultimately, this is a cross-sectional study, and the goal was
to identify correlates of class membership, rather than to delineate precursors or consequences of class membership. Thus, we chose
the BCH method because it was the most principled way to model associations with class membership. For more information, see
Asparouhov and Muthén (2014).


http://www.icpsr.umich.edu/icpsrweb/ICPSR/studies/34801/terms

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sanghvi et al. Page 2

severity presentation as compared to a low-severity presentation. Further, racial or ethnic minority
groups appeared most at-risk for a high-severity presentation as compared to a moderate-severity
presentation. Overall, the high symptom class had the poorest well-being, the most perceived need
for services, and the highest exposure to the disaster, followed by the moderate symptom class,
and finally the low symptom class.

Conclusions: PTSD symptom classes appeared to be differentiated primarily by overall severity
as well as important psychological, contextual, and demographic dimensions.

Keywords

Latent class analysis; Natural disaster; Post-traumatic stress disorder; Anxiety; Depression;
Quality of life; Psychological services

Most people experience at least one potentially traumatic event (PTE) throughout their
lifespan. For example, in a national sample of U. S. adults, the lifetime prevalence of
exposure to a PTE was 89.7% (Kilpatrick et al., 2013). There is substantial heterogeneity

in how people react to such events. One such reaction is post-traumatic stress disorder
(PTSD). PTSD symptoms can be highly disparate as they are determined by multiple

factors such as type of event, maintenance factors, and risk and resilience factors (see
reviews: DiMauro et al., 2014; Galatzer-Levy et al., 2018). Interestingly, there are 636,120
possible symptom combinations that meet the Diagnostic and Statistical Manual of Mental
Disorders, 5th Edition (DSM-5) PTSD criteria (American Psychiatric Association, 2013;
Galatzer-Levy and Bryant, 2013). This suggests the need to address trauma as a dynamic
system on a continuous dimension, as opposed to a dichotomy of absence or presence of
psychopathology based on cutoffs (Bonanno et al., 2011). In addition to this, experiencing

a PTE may lead to increased risk of psychological problems. Empirical studies have shown
that PTSD is highly comorbid with other psychiatric conditions in diverse populations (for
e.g. see: Kaltman et al., 2010; Keane and Kaloupek, 1997; Macdonald et al., 2010; Sautter et
al., 1999). Understanding the nature of PTSD and the heterogeneity within its presentation is
essential since symptom presentations and comorbid mental health problems can vary vastly.
Such an understanding can pave the way for development of therapeutic models to address
diverse needs.

Latent class analysis (LCA\) is a statistical method used to identify latent classes (or
subgroups) within a population based on a number of observed indicators (Nylund-Gibson
and Choi, 2018). LCA allows the study of a heterogeneous population wherein these latent
classes can differ based on unique components of a construct of interest, such as PTSD
(Hagenaars and McCutcheon, 2002). LCA is a person-centered approach that identifies
latent classes based on the diversity of responses from participants, as opposed to a variable-
centered approach that is focused on total levels of a unitary construct (Nylund-Gibson and
Choi, 2018). Thus, LCA can capture interactive effects in ways that a variable-centered
approach cannot (Bamaca-Colbert and Gayles, 2010).

Person-centered approaches, such as LCA, have become increasingly common in
understanding trauma (Howard and Hoffman, 2018; O’Donnell et al., 2017). For instance,
in a sample of 122 African refugees, three distinct latent classes were identified based on
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intrusive, avoidant, and arousal PTSD symptoms: a pervasive class with higher likelihood

of all symptoms (32.0%), a high-threat class with higher intrusion and avoidance symptoms
(45.9%), and a moderate-avoidance class with higher thoughts/feelings of avoidance (22.1%;
Barbieri et al., 2021). Further, in a sample of 158 U.S. military Veterans that screened
positive for PTSD, three distinct latent classes were identified based on probabilities of
PTSD symptoms: a dysphoric class with higher negative affect, anhedonia, and externalizing
behavior (36.2%), a threat class with higher intrusion and avoidance (29.8%), and a high
symptom class (34.0%) with high probabilities of all symptoms (Byrne et al., 2019).
Similarly, in a sample of 4,352 World Trade Center responders after the 9/11 attacks,

three distinct latent classes were identified based on probabilities of PTSD symptoms: a
high-symptom class with high probabilities of all PTSD symptoms (45.3%), a dysphoric
class with higher emotional numbing and dysphoric arousal (31.5%), and a threat class
characterized by higher re-experiencing, avoidance, and anxious arousal (23.2%; Horn et
al., 2016). Thus, research has begun to identify subpopulations based on PTSD symptoms,
with some studies finding classes that have high probabilities of experiencing specific PTSD
symptoms in addition to classes with high probabilities of experiencing all PTSD symptoms.

Importantly, latent classes of PTSD symptoms have been found to vary along several
important dimensions. For example, Byrne and colleagues (2019) found that the dysphoric
class was especially likely to have lifetime history of major depressive disorder (MDD), and
the high symptom class was especially likely to have current generalized anxiety disorder
(GAD), lower quality of life, and attempted suicide or current suicidality. Additionally,

both the dysphoric and high symptom class were more likely to have engaged in mental
health treatment (Byrne et al., 2019). Similarly, Horn et al. (2016) also found that the high
symptom class was most likely to screen positive for MDD. Assessing correlates of latent
classes, such as other mental health concerns and treatment utilization, helps identify what
distinguishes the classes and, in applied settings, may inform targeted service delivery based
on the unique needs of each class.

Natural disasters are particularly important PTEs to study using LCA. Along with adverse
economic and physical health effects, natural disasters have adverse psychological effects
(see systematic review and meta-analysis: Beaglehole et al., 2018). They affect a large
population at a given time point and thus have critical public health importance. Yet, to
date, only one study used LCA to identify classes of PTSD symptoms after exposure to a
natural disaster (Rosellini et al., 2014). In this study, in a sample of 810 adults living in
Muississippi during Hurricane Katrina, LCA suggested four latent classes based on PTSD
symptom severity: a severe symptom class (10.2%), a moderate symptom class (28.3%),

a mild symptom class (29.8%), and a negligible symptom class (31.7%) (Rosellini et al.,
2014). This study indicated that membership to the severe and moderate symptom class was
associated with co-occurring depression symptom severity and suicidal ideation (Rosellini
et al., 2014). This indicates that as with other PTEs, PTSD symptoms following natural
disasters vary substantially and correspond with other important mental health variables.
Examining heterogeneity within the population after exposure to a natural disaster is
important as the nature of the event can create traumatic reactions specific to it. Further,
evaluating differences between latent classes can allow us to understand differences specific
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to the individuals within these subgroups. This can help develop targeted interventions to
address issues that can arise after exposure to a natural disaster.

Building on existing literature, the present study used LCA to identify subgroups based on
PTSD symptoms after experiencing Hurricane lke in 2008. We also examined differences
among the classes based on demographic variables (gender, age, and race/ethnicity), health
variables (depression, anxiety, quality of life, and perceived need for services), and disaster
exposure severity. Since the LCA approach is data-driven, we had no specific hypothesis
about the number or nature of the latent classes. However, based on previous studies, we
expected to see either a three-class solution or a four-class solution, as well as differences
among the classes in terms of demographics, health variables, and disaster exposure severity.

1. Methods

1.1. Participants

The present study used the Galveston Bay Recovery Study dataset (GBRS; National

Center for Disaster Mental Health Research et al., 2016). Data were collected from
Galveston County and Chambers County, Texas. This study area was comprised of five
strata characterized by the maps of flooding after Hurricane Ike as based on the Federal
Emergency Management Agency (FEMA) and on poverty levels in the year 2000 based

on United States Census data. Sampling strata were divided over a spectrum, with Stratum
1 expected to have experienced the greatest Hurricane damage and Stratum 5 expected

to have experienced the least damage (for more information, see Tracy et al., 2011, p.

668). Of note, to ensure inclusion of individuals that most likely had experienced hurricane-
related traumatic events, Strata 1 and 2 were oversampled relative to the remaining strata to
maximize selection of participants from the most affected areas.

All participants (/7= 658) were interviewed once, two to five months after Hurricane Ike
(November 2008-March 2009). The sample of 658 represented the 40% of participants
among those recruited who provided at least partial data; all 658 participants with at least
partial data were included in the present analyses (Smith, 2016). In interviews, participants
were asked to verbally respond to several validated self-report measures that assessed mental
health symptoms and functioning after exposure to Hurricane Ike.

In terms of gender, 60% of participants were female. All participants were age 18 or older;
9% were between ages 18 to 24, 16% were between ages 25 to 34, 16% were between

ages 35 to 44, 18% were between the ages 45 to 54, 18% were between ages 55 to 64,

and 23% were above the age of 64. In terms of race, the majority of participants identified
as White (62.61%), some (19.14%) identified as Asian (0.76%), Black (14.89%), Native
Hawaiian or Pacific Islander (0.15%), or American Indian or Alaska Native (0.91%). Few
(2.43%) belonged to two or more races, and for the remaining participants (18.25%) race
was unknown. In terms of ethnicity, 19.03% identified as Hispanic, and 80.97% identified as
non-Hispanic. In sum, 38.17% belonged to racial or ethnic minority groups, identifying as
non-White and/or Hispanic, and 61.83% did not belong to a racial or ethnic minority group,
identifying as White non-Hispanic.
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1.2. Measures

1.2.1. Post-traumatic stress—Post-traumatic stress symptoms were assessed with the
PTSD Checklist-Civilian Version (PCL-C; Weathers et al., 1993). The PCL-C assessed
three symptom criteria based on DSM-1V (American Psychiatric Association, 1994) PTSD
symptoms: Criterion B, re-experiencing symptoms; Criterion C, avoidance symptoms; and
Criterion D, arousal symptoms. Participants were asked to refer to the time since Hurricane
Ike when indicating if they had experienced each symptom. Responses to each item were
coded as “yes” (1) or “na”’ (0), “yes” meaning symptom was endorsed and “no” meaning
symptom was not endorsed. Thus, during data collection, the PCL-C was modified to be
administered with binary item scoring rather than the usual Likert item scoring.

For re-experiencing symptoms (5 items), participants were asked if they had experienced:

“repeated, disturbing memories of Ike”, “repeated, disturbing dreams of Ike”, “suddenly
acting or feeling as if ke were happening again”, “feeling very upset when something
reminded you of Ike”, and “having physical reactions when something reminded you of
Ike”. For avoidance symptoms (7 items), participants were asked if they had experienced:
“avoiding thinking or talking about Ike”, “avoiding activities or situations because they
reminded you of Ike”, “trouble remembering important parts of lke”, “loss of interest in
activities you used to enjoy”, “feeling distant or cut off from people”, “feeling emotionally
numb”, and “feeling as if the future will be cut short”. Finally, for arousal symptoms (5
items), participants were asked if they had experienced: “trouble falling or staying asleep”,
“feeling irritable or having angry outbursts”, “having difficulty concentrating”, “being
‘super-alert’ or watchful or on guard”, and “feeling jumpy or easily startled”. The scale
also showed good re-test reliability and favorable patterns of convergent and discriminant
validity (Conybeare et al., 2012; Weathers et al., 1993). For the purposes of conducting

LCA, we analyzed the individual items separately.

1.2.2. Depression—Depression severity was assessed using the Patient Health
Questionnaire-9 (PHQ-9; Kroenke and Spitzer, 2002). Participants were asked to refer to the
past month while reporting symptoms. Scores on each item were measured on a continuum
of 0to 3 (0 ="“not at all’ to 3 = “nearly every day’). The current study used a total score
ranging from 0 to 27 for each participant. The scale showed good validity and reliability
(Kroenke et al., 2001) It also demonstrated good internal consistency in the current study
(Cronbach’s a = 0.87).

1.2.3. Anxiety—Anxiety severity was assessed based on the General Anxiety Disorder-7
(GAD-7; Spitzer et al., 2006). Participants were asked to refer to the past month while
reporting symptoms. Scores on each item were measured on a continuum of 0 to 3 (0 = “not
at all’ to 3 = “nearly every day”). The current study used a total score ranging from 0 to 21
for each participant. The GAD-7 demonstrated good internal consistency in the current study
(Cronbach’s a = 0.87). It also showed good validity and reliability in the general population
(Lowe et al., 2008).

1.2.4. Perceived need for services—Perceived need for services was assessed using
items adapted from the Perceived Need for Care Questionnaire (PNCQ; Meadows et al.,
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2000). Participants were asked to report their perceived needs for various mental health
and economic support services (6 items) since Hurricane Ike. Responses for each item
were coded as “yes” (1) or “ng’ (0): “felt the need for information about common stress
reactions”, “felt the need for medicine to help with emotional problems”, “felt the need

to discuss causes of distress”, “felt the need to change thoughts, feelings, or behaviors”,
“felt the need to talk through problems”, and “felt the need to get help sorting out housing,
employment.” For the present study, each item was examined separately. This scale has
demonstrated acceptable validity and reliability (Meadows et al., 2002).

1.2.5. Quality of life—Quality of life was assessed using the short form version of

the Quality of Life Enjoyment and Satisfaction Questionnaire (Q-LES-Q-SF; Endicott et
al., 1993). Participants were asked to refer to the past month while responding. Scores on
each item were measured on a continuum of 1 to 5 (1 = “not at all’ to 5 = “extremely”). Q-
LES-Q-SF assessed participants’ satisfaction with various aspects of their lives (14 items):
“physical health”, “mood”, “work”, “household activities”, “social relationships”, “family
relationships”, “leisure time activities”, “ability to function in daily life”, “sexual drive,

interest and/or performance”, “economic status”, “living/housing situation”, “ability to get
around physically without feeling dizzy or unsteady or falling”, “your eyesight in terms

of ability to do work or hobbies”, “overall sense of well being”. The current study used a
total score ranging from 14 to 71 for each participant. The scale demonstrated good internal
consistency in the current study (Cronbach’s a = 0.91). It also possessed good validity and

reliability (Stevanovic, 2011).

1.2.6. Disaster exposure severity—Disaster exposure was assessed by asking
participants if they experienced each of several forms of actual or threatened danger or

loss as a result of Hurricane Ike (9 items): “personally present during Hurricane force

winds or major flooding”, “unsure about safety or whereabouts of family members/close
friends”, “stranded during or after storm”, “involved in rescue or recovery efforts”, “self or
household member performed dangerous activity during storm”, “displaced from home for
more than one week”, “any personal property loss”, or “any loss of or damage to sentimental
possessions”. Responses for each item were coded as “yes” (1) or “no” (0). A composite
score of all items was computed to represent disaster exposure severity with higher numbers
representing more severe exposure.

1.3. Data analysis

LCA was conducted using Mplus Version 8.2 (Muthén & Muthén, 1998-2017). The

17 items from the PCL-C that assessed PTSD symptoms were used as latent class

indicators. Model fit was assessed using the Akaike Information Criterion (AIC), Bayesian
Information Criterion (BIC), Adjusted Lo-Mendell-Rubin Likelihood Ratio Test (LMR-
LRT). Classification quality was assessed using entropy. We examined the fit for various
models starting from a two-class model and increasing the number of classes until model

fit did not improve. Smaller values of AIC and BIC indicated superior fit (Nylund-Gibson
and Choi, 2018). Adjusted LMR-LRT has associated p values, where p < .05 indicates a
significant difference in fit between a less complex and a more complex model (Nylund et
al., 2007; Nylund-Gibson and Choi, 2018). Further, although entropy is not a direct indicator
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of model fit, higher values indicated that people were classified with more confidence and
showed better between-group distinction (Kline, 2015; van de Schoot et al., 2017).

To understand PTSD symptoms among the latent classes, we examined the proportion of
each latent class endorsing each PTSD symptom. Based on previous latent class analyses of
PTSD symptoms, probability estimates = 0.60 suggest high probability, esimates < 0.59 and
> 0.15 suggest moderate probability, and estimates < 0.15 suggest low probability (Burstein
etal., 2012; Eisma et al., 2019; Lenferink et al., 2017).

For the selected latent class model, latent class membership was used as a predictor of each
of the demographic, health, and disaster variables (gender, age, racial and ethnic minority
status, anxiety, depression, perceived need, quality of life, disaster exposure) using the BCH
method?® (Vermunt, 2010).

2. Results

2.1. Model selection

Table 1 provides model fit results. The three-class model fit better than the two-class model
according to AIC, BIC, and adjusted LMR-LRT. Additionally, the three-class model had
good classification quality based on entropy. However, the four-class model did not fit
significantly better than the three-class model according to LMR-LRT, and it fit worse
than the three-class model according to the BIC. Thus, model fit ceased improving beyond
three-classes, and we selected the three-class model.

2.2. Model results

Fig. 1 shows the probability estimates of endorsed PTSD symptoms per class. The largest
class (n =407, 61.9%) had low probability of endorsement of 17 out of 17 PCL-C symptoms
and we thus termed it the “Low Symptom Class.” The second largest class (7 =191, 29.0%)
had moderate probability of endorsement of 16 out of 17 as well as low probability of
endorsement of 1 out of 17 PCL-C symptoms (trouble remembering Hurricane Ike) and we
thus termed it the “Moderate Symptom Class.” Finally, the smallest class (17 =60, 9.1%).
had high probability of endorsement of 17 out of 17 PCL-C symptoms and we termed it

the “High Symptom Class.” Of note, there did appear to be spikes in avoidance and arousal
symptoms for the high symptom class (C4 Anhedonia, C5 detachment, D1 sleep problems,
and D4 hypervigilance) as well as several spikes in a few of the re-experiencing symptoms
for the moderate symptom class (B1 intrusive memories and B4 distress due to reminders).

2.3. Class differences

Table 2 shows class differences for gender, age, racial and ethnicity minority status,
depression, anxiety, perceived need for services, quality of life, and disaster exposure across
latent classes. In addition, it shows chi-square values for class comparisons based on these
variables.

Handling Editor: Susan J. Elliott
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Two out of the three demographic factors demonstrated significant class differences. In
terms of gender, there was a significant difference between the moderate and low symptom
classes, such that there was a higher percentage of female participants in the moderate
symptom class as compared to the low symptom class. There was no significant gender
difference between the moderate and the high symptom classes. There were no significant
differences across classes in terms of age. In terms of racial and ethnic minority status, there
was a significant difference between the moderate and high symptom classes, such that there
was a higher percentage of participants belonging to racial or ethnic minority groups in the
high symptom class as compared to the moderate and low symptom classes. There was no
significant difference between the moderate and the low symptom classes. Overall, female
participants appeared most at-risk for a moderate-severity PTSD presentation as opposed to
a low-severity PTSD presentation, and participants belonging to racial or ethnic minority
groups appeared most at-risk for high-severity PTSD presentation as opposed to moderate-
or low-severity PTSD presentation.

The two measures of psychopathology (i.e., depression and anxiety severity) demonstrated
a consistent pattern of differences across classes. For both variables, there was a significant
difference between the moderate and low symptom classes, as well as between the moderate
and high symptom classes. Specifically, the low symptom class reported lower levels of
depression and anxiety compared to the moderate symptom class. Additionally, the moderate
symptom class had lower levels of depression and anxiety compared to the high symptom
class. Relatedly, quality of life also demonstrated a consistent pattern of differences across
classes. There was a significant difference between the moderate and low symptom classes,
as well as between the moderate and high symptom classes. Specifically, the low symptom
class reported higher levels of quality of life as compared to the moderate symptom

class. Additionally, the moderate symptom class reported higher levels of quality of life as
compared to the high symptom class. Thus, with increasing severity of PTSD presentation,
there was increasing severity of anxiety and depression symptoms and decreasing quality of
life.

In alignment with the psychopathology and quality of life variables, the perceived need for
service items also demonstrated a consistent pattern of differences across classes. For all
perceived service needs, we found significant differences between the moderate and low
symptom classes, as well as between the moderate and high symptom classes, with the
exception that moderate and high symptom classes did not differ from each other in their
perceived need to discuss causes of distress since Hurricane Ike and perceived need to

talk through problems since Hurricane Ike. Specifically, the high symptom class reported
greater need for information about common stress reactions since Hurricane Ike, medicine
to help with emational problems since Hurricane Ike, help to change thoughts, feelings, or
behaviors since Hurricane ke, and help sorting out housing, employment since Hurricane
Ike, as compared to the moderate symptom class. Therefore, belonging to a higher severity
PTSD symptom class was associated with reporting a higher need for a range of services to
support adjustment after the Hurricane.

Lastly, in examination of disaster exposure severity, results demonstrated that the high
symptom class consisted of participants with the highest levels of Hurricane Ike exposure,
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followed by the moderate symptom class, and finally the low symptom class. Furthermore,
differences between the high and moderate symptom classes as well as the moderate and low
symptom classes were significant.

3. Discussion

The aim of this study was to understand heterogeneity of PTSD symptoms using LCA

in a large sample of adults from areas affected by Hurricane Ike. Overall, we found that
individuals exposed to Hurricane Ike could be classified into subgroups based on differing
PTSD symptom severity. Moreover, these subgroups were distinct from one another based
on various demographic factors, levels of concurrent psychological symptoms (depression
and anxiety), quality of life, perceived need for services, and disaster exposure. These
results provide evidence for heterogeneous responses to disaster with distinct profiles across
demographic, psychological, and contextual factors.

When examining number of classes, LCA suggested a three-class solution: a low symptom
class (61.4%), a moderate symptom class (31.2%), and a severe symptom class (7.4%).

This is consistent with a previous natural disaster LCA study that found four PTSD
symptom classes differing in overall symptom severity (Rosellini et al., 2014). However, the
pattern differs somewhat from what has been reported in other LCA studies of participants
experiencing various types of PTESs. Such previous studies have identified classes that
differed substantially in terms of specific types of PTSD symptoms (e.g., avoidance
symptoms vs. re-experiencing symptoms), rather than overall symptom severity (Barbieri et
al., 2021; Byrne et al., 2019; Horn et al., 2016). Interestingly, although classes did not differ
substantially in the current analyses based on symptom types, we found spikes in avoidance
and arousal symptoms for the high symptom class, namely anhedonia, detachment, sleep
problems, and hypervigilance, as well as spikes in a few of the re-experiencing symptoms
for the moderate symptom class, namely, intrusive memories and distress due to reminders.
Thus, although classes were differentiated primarily by their overall severity, certain distinct
symptoms were especially elevated relative to other symptoms in each of these classes.
Elevation in these specific symptoms may help inform levels of severity. Assessing these
symptoms in particular could be important in screening, observation, and triage settings with
limited time for assessing PTSD symptoms. In addition, therapists with limited resources
may want to target re-experiencing, avoidance, and arousal symptoms in particular.

The current investigation further explored demographic differences among PTSD symptom
classes. We found that the moderate symptom class included a significantly higher
proportion of female participants compared to the low symptom class. This finding is
consistent with substantial evidence suggesting that women are at greater risk than men

for internalizing disorders including PTSD (e.g., Ditlevsen and Elklit, 2010; Eaton et al.,
2012; Hyde and Mezulis, 2020). There may be various reasons why women possessed
greater risk for belonging to the moderate (versus low) symptom class, such as insufficient
social support and more severe trauma appraisals (OIff et al., 2007). Identifying intervention
methods to prevent this gender disparity in PTSD presentation following natural disaster is
important for public mental health following population-wide PTEs.
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In addition, the high symptom class had a significantly larger proportion of participants
that identified as racial and/or ethnic minorities compared to the moderate symptom class.
This finding adds to the growing literature surrounding risk factors for those belonging to
minority groups. Hispanic participants or participants identifying with a race other than
White (e.g., African American participants) may have been at a higher risk of adverse
outcomes following the hurricane due to various structural reasons such as poorer housing
conditions or lack of access to resources that may aid in disaster recovery (e.g., Dancy,
2018; Farfel et al., 2008; Rodriguez-Diaz and Lewellen-Williams, 2020; Sharpe and Wolkin,
2021). For example, a report found that Hurricane Ike-affected areas with the greatest
hurricane vulnerability also had the highest concentration of individuals belonging to racial
or ethnic minority groups (Dancy, 2018). Further, a study of adverse effects of natural
disasters and extreme weather found that the mortality rate among non-Hispanic African
Americans was twice as high as non-Hispanic White participants (Sharpe and Wolkin,
2021). Such structural disparities could have made Hispanic and African American persons
more vulnerable to adverse impact of Hurricane Ike. Overall, these findings suggest that
different demographic groups may be at risk for differential and clinically important PTSD
symptom presentations following natural disasters. It will be important for future research
and applied efforts to identify and remediate causes for these differences.

There were significant class differences when exploring depression and anxiety symptoms,
quality of life, perceived need for services, and disaster exposure. The finding of more
severe PTSD classes having poorer overall mental health is consistent with prior LCA
results (Rosellini et al., 2014). Fewer studies, however, have examined services needed
within latent classes of PTSD symptoms. Interestingly, 76.2% of participants in the high
severity class reported a perceived need for employment or housing support; this was the
highest reported need within this group, though need for mental health services was also
high. Of note, the high symptom class reported greater perceived need than the moderate
symptom class for several kinds of psychological services: gaining information about stress
reactions, changing thoughts and feelings, and taking medication for emotional problems.
These kinds of services represent the psychoeducation and exposure-focused interventions
that are typical of cognitive-behavioral therapies, as well as pharmacological treatment, both
of which are evidence-based methods of treating PTSD symptoms (Bryant and Friedman,
2001). At the same time, the moderate symptom class did not report significantly lower
perceived needs than the high symptom class for discussing causes of distress or talking
through problems. Needing to talk through problems was also the most commonly reported
perceived need in the moderate symptom class. This may suggest that talk therapy involving
psychoeducation, problem-solving skills, and processing of the trauma may be useful for
this group. Ultimately, treatment delivery decisions for a given individual are based on a
number of factors such as available treatment options, degree of need, understanding of the
empirical literature on efficacy, and individual readiness for specific interventions. Providers
should take care to incorporate each of these sources of information, though it is possible
that future latent class analysis studies on PTSD symptoms and service needs will pave the
way for empirically derived methods of indicated service delivery (e.g., Lanza and Rhoades,
2013).
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We also found that degree of exposure to Hurricane lke related danger and loss was the
worst for the high symptom class. This was closely followed by the moderate symptom class
and was the lowest for the low symptom class. Thus, higher degrees of exposure to a natural
disaster could be a risk factor for a more severe PTSD presentation. This converges with
results from a recent study suggesting that youths with high exposure to a flood had higher
levels of depression, anxiety, and PTSD symptom severity as compared to those with lower
exposure (Felix et al., 2019). Future research should continue to explore the relationship
between PTSD severity and degree of disaster-related exposure.

Findings from this study add to the existing literature on natural disasters with specific
focus on PTSD symptomatology. Although classes were generally differentiated by overall
severity of PTSD symptoms, within each class, there were certain symptoms that were
especially common. Thus, the latent classes carried information beyond a person’s overall
PCL-C sum score. An additional contribution from the present study was the examination
of perceived service needs within latent PTSD symptom classes and exposure severity.
Perceived need for a range of psychological and social welfare services was high in the high
severity class, as well as (to a lesser extent) the moderate severity class. Thus, a possible
application of this work is the delivery of targeted intervention strategies to members of
classes that report specific service needs (Lanza and Rhoades, 2013). We are aware of

no intervention study to date that has used empirically derived latent class membership

as a basis for determining treatment delivery, but this represents a promising direction for
personalized care. Such efforts will require replication of the present findings to ensure that
the latent class solution and associated treatment preferences are generalizable across diverse
contexts and related to optimal treatment outcome.

Despite the strengths of this study, various limitations warrant mention. Firstly, this study
used cross-sectional data and could not provide information on changes over time compared
to pre-hurricane data. A prospective study could clarify whether belonging to a given latent
class may predict later mental health and comorbid symptoms. Additionally, this study
focused on residents of a single disaster-affected area after one event. Generalizability
would be enhanced by examining latent classes of PTSD symptoms across multiple
disaster-affected samples. Furthermore, PTSD symptoms were collected in 2008 using a
version of the PCL-C based on DSM-IV. Therefore, findings may not be representative

of DSM-5 PTSD symptoms or specific symptom clusters within DSM-5. Of note, the
primary difference between DSM-1V and DSM-5 PTSD symptoms is the division of DSM-
IV avoidance symptoms into DSM-5 avoidance and negative cognitive/mood symptoms.
Although many PTSD symptoms overlap substantially between DSM-1V and DSM-5,
using an updated assessment in future research would ensure that latent classes could be
understood in terms of current nosology. Another limitation was that the current dataset did
not include assessment of pre-Hurricane Ike PTSD or related psychopathology symptoms.
Also, PTSD symptoms were not measured solely in reference to Hurricane Ike. Instead,
the study only assessed PTSD symptoms two to five months after Hurricane lke with
reference to the time since lke. Therefore, we cannot rule out the possibility that previous
PTSD or other psychopathology contributed to PTSD symptom severity as opposed to
being due solely to exposure to Hurricane Ike. Future research should measure history of
prior psychopathology and trauma as well as disaster-specific PTSD symptoms. Finally,
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although this study used probability sampling methods and achieved a fairly high response
rate (40%), there is not information available about participants who did not respond which
could help gauge the representativeness of the sample. Gathering such information in future
studies of natural disaster impact (e.g., through follow-up phone calls with non-responders)
would be valuable. Addressing these limitations in future research would provide a deeper
understanding of the nature and implications of PTSD symptom subpopulations.

4. Conclusion

The current study examined heterogeneity of PTSD symptoms in a large community sample
from Galveston Bay area following Hurricane Ike. There were three latent classes which
were characterized by low, moderate, or high PTSD symptoms. Relative to men, women
were more likely to be part of the moderate symptom class compared to the low symptom
class. Furthermore, relative to White non-Hispanic participants, participants belonging to
racial or ethnic minority groups were more likely to be part of the high symptom class
versus the moderate symptom class. Latent class membership was related to depression,
anxiety, quality of life, perceived need for services, and disaster exposure, suggesting that
latent classes of PTSD severity could have important implications for mental health and
well-being. Further, combined with other investigations of PTSD symptom heterogeneity,
the present study can inform the development of treatments and interventions with a special
focus on at-risk groups.
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Probabilities of PTSD Symptom Endorsement across Latent Classes

Note. The x-axis shows each PTSD symptom assessed; The y-axis depicts probabilities

of endorsing each symptom; PCL-C = PTSD Checklist-Civilian \ersion. PTSD symptoms
were assessed 2-5 months after Hurricane lke.
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