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Abstract
Alcohol problems may impede adaptive, proactive responses to disaster-related injury and loss,
thus prolonging the adverse impact of disasters on mental health. Previous work suggests that
veterans of the U.S. armed forces have a relatively high prevalence of alcohol misuse and other
psychiatric disorders. This is the first study to estimate the impact of pre-disaster alcohol problems
on post-disaster depressed mood among veterans, using data that were collected before and after
the 1994 Northridge, California earthquake. We assessed the impact of alcohol problems on post-
disaster depressed mood in an existing clinical cohort of veterans who experienced the 6.7-
magnitude earthquake that struck Northridge in January 1994. One-to-three months after the
disaster, interviewers contacted participants by telephone to administer a follow-up questionnaire
based on a survey that had been done pre-earthquake. Post-earthquake data were obtained on 1144
male veterans for whom there were pre-earthquake data. We tested a predictive path model of the
relationships between latent variables for pre-disaster alcohol problems, functional limitations, and
depressed mood on latent variables representing post-disaster “quake impact” and depressive
mood. Results showed that veterans who had more alcohol problems before the earthquake
experienced more earthquake-related harms and severely depressed mood after the earthquake,
compared with those who had fewer alcohol problems. Programs serving veterans with a high
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prevalence of alcohol problems should consider designing disaster response protocols to locate
and assist these patients in the aftermath of disasters.
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Human vulnerability to the harms resulting from earthquakes, large-scale industrial
accidents, and other disasters depends not only on proximity to the source or physical nature
of a hazard, but also on the pre-existing health and socioeconomic characteristics of the
affected population (Enarson, 2007). Among veterans of the U.S. armed forces who depend
on service providers in the Veterans Health Administration (VHA), combat-related
disabilities, complex chronic medical conditions, and generally advanced age may amplify
the risk of harm resulting from disasters. In January 1994, a 6.7-magnitude earthquake
struck Northridge, California, a suburb approximately 25 miles north of downtown Los
Angeles. Irreparable damage to the Sepulveda Veterans Health Administration Medical
Center (VAMC) – situated within 2 miles of the quake’s epicenter – represented a loss of
critical healthcare infrastructure for a large local population of predominantly older veterans
with multiple chronic illnesses and varying degrees of functional impairment.

Alcohol misuse is often associated with impairments in physical, mental, and social
functioning (Foster, Powell, Marshall, & Peters, 1999; Okoro et al., 2004; Stranges et al.,
2006), and may increase the vulnerability of veterans to the harms of disasters and public
health emergencies. Previous quantitative research on alcohol misuse and post-disaster
mental health has generally not focused on veterans. Further, work in this area has rarely
included any data collected pre-disaster, relying instead on participant recall of pre-disaster
behavior (DiMaggio, Galea, & Guohua, 2009; Moore, Cunradi, & Ames, 2004; North,
Ringwalt, Downs, Derzon, & Galvin, 2011). We know of two longitudinal disaster studies –
both on the September 11 attacks – that included self-reported pre/post-disaster data on
substance use and mental health symptoms. Exposure to the attacks for both study samples
was relatively vicarious and remote, insofar as participants lived at great geographic
distances from the epicenter of the disaster, in states outside of New York. Perrine and
colleagues (Perrine, Schroder, Forester, McGonagle-Moulton, & Huessy, 2004) analyzed
approximately 12 months of data on alcohol use and single-item measures of mood that
were collected on a daily basis via interactive response devices from 84 Vermont residents,
as part of a substance abuse study that had begun approximately one year before 9/11.
Alcohol use increased significantly among women only on the day of the attacks; however,
increases in global measures of stress, anger, and sadness persisted among both men and
women for as long as 70 days. Similarly, an analysis of longitudinal questionnaire data
collected from the faculty, staff, and students of a Midwestern university found that average
alcohol use increased slightly among women, but not men, after 9/11 (Richman, Wislar,
Flaherty, Fendrich, & Rospenda, 2004).

Only two studies using pre/post-disaster data have estimated the impact of disasters on the
mental health of veterans (Dobalian et al., 2011; Rosenheck, 2002) despite the high
prevalence of mental health problems among subgroups of this population, such as those of
the post-Vietnam era (Norquist, Hough, Golding, & Escobar, 1990) and those exposed to
combat (Autor, Duggan, & Lyle, 2011). Rosenheck (2002) analyzed administrative data
from VHA facilities in New York and found negligible differences in the use of mental
health and substance abuse services before and after the 9/11 attacks. By contrast, results
from an analysis of longitudinal data collected from veterans living near the epicenter of the
1994 Northridge earthquake suggest that the disaster did indeed contribute to decrements in
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mental health (Dobalian et al., 2011). In additional to its longitudinal design and pre/post
disaster measures, a major strength of the latter study was its use of validated survey
instruments rather than administrative data; however, the analysis did not include measures
of substance use.

Alcohol problems have often been conceptualized as self-medication for post-disaster
symptoms of depression and anxiety (North, Ringwalt, Downs, Derzon, & Galvin, 2011);
however, it is also possible that pre-disaster alcohol problems are a risk factor for post-
disaster exacerbations of these disorders. To our knowledge, no prospective cohort studies
have examined alcohol problems as an independent risk factor predicting post-disaster
depressive symptoms in a clinical population of veterans. To address this gap in the
relatively small empirical literature, we analyzed pre/post-disaster data collected from 1,144
veterans living in the vicinity of the epicenter of the 1994 Northridge earthquake.

Method
Participants and procedures

Before the Northridge earthquake of January 1994, the Primary Ambulatory Care and
Education (PACE) program provided integrated care to more than 19,000 veterans from a
catchment area around the Sepulveda VAMC, which was two miles from the epicenter of
the earthquake. Immediately after the earthquake, PACE program evaluators developed a
survey to assess the impact of the earthquake on veterans who received care at the
Sepulveda location, and to disseminate information on how to obtain assistance from the
VAMC or other agencies. The post-earthquake structured interview was conducted over the
telephone with a sample of veterans who had participated in a clinic-based evaluation of the
PACE program approximately 1.5 years before the earthquake (March-June 1992). As part
of this pre-earthquake program evaluation, patients were approached consecutively at the
check-in desks of the PACE program clinics at randomly selected days and times. Eligible
individuals participated in a structured face-to-face interview about their service utilization,
socio-demographic characteristics, and health status. The 1800 individuals who participated
in the pre-earthquake program evaluation were a subgroup of approximately 11,000 patients
who participated in the PACE program during 1992. Post-earthquake survey data were
obtained on 1144 veterans (64% of the original sample). Participants were recruited for the
pre-earthquake survey if they were English-speaking male veterans who had at least one
prior Sepulveda VA clinic visit in the previous 12 months (Lee et al., 2002), excluding those
who were hearing impaired, in acute distress, showed signs of memory loss at enrollment, or
homeless.

Measures
The analysis included several pre-earthquake variables that address the concept of social
vulnerability, i.e. the view that certain groups – such as the elderly, the poor, and those with
functional limitations – have relatively fewer defenses against the harms of disasters
(Enarson, 2007). Two pre-disaster socioeconomic status (SES) measures, education and
income, were used as indicators of a latent variable, SES. Education was measured on a 1–
13 scale ranging from 1=no formal school to 13=post-graduate work. Income was assessed
as yearly household income (1=less than $15,000; 2=$15,000 to less than $30,000; 3=
$30,000 or more). Age was also included as an observed variable. Marital status, ethnicity,
and employment status were tested as possible predictors, but were not associated with any
of the mediators or outcome variables, and were not retained in the final model.

Functional Limitations (pre-disaster) were assessed with the 13-item Beth Israel/UCLA
Functional Status Questionnaire (FSQ), (Jeete et al., 1986) which measures activities of
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daily living and social activities (coefficient alpha =.95). Typical items included “moving
out of a bed or chair,” and “walking several blocks.” Because using 13 indicators for 1 latent
variable would have been cumbersome, items were combined at random into 4 parcels as
indicators of a Functional Limitations latent variable. Parceling is acceptable, especially
when coefficient alpha is high, as it was in this case (Yuan, Bentler, & Kano, 1997).

Alcohol Problems (pre-disaster) are a latent variable indicated by the following 5 yes/no
items (coefficient alpha =.74), the first four of which comprise the CAGE screener (Ewing,
1984): (1) Do you ever feel the need to cut down on your drinking? (2) Does it make you
mad when someone complains about your drinking? (3) Do you ever feel guilty about your
drinking? (4) Do you ever take a morning eye-opener? and (5) During the past year, has a
VA doctor, nurse, or other health care person told you that you should drink less?

Depressed Mood (pre-disaster) is a latent variable measured by the RAND Mental Health
Index (MHI), a 5-item subscale (coefficient alpha =.87) of the RAND Short Form (SF)-36
questionnaire that assesses mood in the previous 4 weeks (Cuijpers, Smits, Donker, ten
Have, & de Graaf, 2009; Rumpf, Meyer, Hapke, & John, 2001; Ware & Sherbourne, 1992).
Scores range from 1 (all of the time) to 6 (none of the time) and were reverse-scored so that
higher scores indicated more severe symptoms. Typical items included: “I was downhearted
and blue,” and “I was a happy person.” This scale has demonstrated good psychometric
properties in previous studies (Berwick et al., 1991; Friedman, Heisel, & Delavan, 2005;
McCabe, Thomas, Brazier, & Coleman, 1996; Means-Christensen, Arnau, Tonidandel,
Bramson, & Meagher 2005; van Leeuwen, van der Woude, & Post, 2012;).

The analysis included a measure of Quake Impact (post-disaster) to capture important global
information on the effect of the earthquake on daily functioning and well-being, from the
perspective of the patient. Quake Impact is a latent variable composed of 3 indicators. The
first item assessed the degree to which “things had changed” for participants since the
earthquake (1=not at all; 2=very little;3=somewhat;4=very much). The other 2 items were
dichotomous (1=no, 2=yes) and assessed if participants had experienced earthquake-related
pain for at least 2 days, or severe mental and emotional stress for 2 weeks or more
(coefficient alpha =.57).

Depressed Mood (post-disaster outcome variable): Participants were administered the MHI
again after the earthquake. Responses to the same 5 items were used as indicators of a post-
disaster Depressed Mood latent variable (coefficient alpha =.86).

Statistical analyses
Data were analyzed with the EQS structural equation modeling (SEM) program (Bentler,
2006). Goodness-of-fit was assessed using the comparative fit index (CFI), the maximum
likelihood chi-square (ML χ2), and the Root Mean Square Error of Approximation
(RMSEA); CFI values of .95 or greater indicate good fit. Because the multivariate kurtosis
estimate was high in these data (Mardia’s normalized estimate =113.14), we also report
robust statistics: the Satorra-Bentler chi-square (S-B χ2) and the Robust CFI (RCFI), which
correct for multivariate non-normality. The RMSEA is a measure of lack of fit per degrees
of freedom controlling for sample size, with values less than .06 indicating good fit.

An initial confirmatory factor analysis (CFA) was performed with each hypothesized latent
construct predicting its proposed manifest indicators. This analysis assessed the adequacy of
the proposed factor structure and the relationships among the latent and single-item
variables. Once the factor structure was confirmed, we tested a predictive latent variable
path model in which age and SES predicted pre-disaster Alcohol Problems, Depressed
Mood, and Functional Limitations. These latter three latent variables predicted Quake
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Impact, which in turn predicted post-disaster Depressed Mood. Due to stability effects, pre-
disaster Depressed Mood was expected to predict post-disaster Depressed Mood.
Nonsignificant paths and covariances were trimmed from the model. We allowed some
correlated error residuals between similar items in Depressed Mood at the two time points
(e.g. “I have been a very nervous person”) to account for stable response tendencies and
improve model fit. We also examined indirect effects to assess the impact of the three
intermediate predictors on post-disaster Depressed Mood as well as effects of demographics
on Quake Impact.

Results
As shown in Table 1, the average age of participants was 60.8 years. The sample was 77%
White, 7% African-American, 6% Hispanic, and 10% Native American, Asian, or other
backgrounds. Twenty-seven percent had completed 12th grade, 20% had 2 years of college,
13% had completed 4 years of college, and 14% had not completed high school. Mean
values for the Depressed Mood items were higher post-earthquake than they were pre-
earthquake.

Confirmatory factor analysis—Table 1 reports the means, standard deviations, ranges,
and factor loadings for each measured variable. All factor loadings were significant (p<.
001). Fit indexes were very good: ML χ2 =674.17, 250 df; CFI =.95, RMSEA =.04; S-B χ2

=558.97, 250 df; Robust CFI =.95, RMSEA =.04.

Table 2 reports the bivariate correlations among constructs of the model. Older participants
reported lower pre-disaster Depressed Mood, more Functional Limitations, less Quake
Impact, and lower post-disaster Depressed Mood. Higher SES was associated with fewer
Alcohol Problems, fewer Functional Limitations, and less severe Depressed Mood both pre-
and post-earthquake. Alcohol Problems were associated with pre-disaster Depressed Mood,
more Quake Impact and, as expected, greater post-disaster Depressed Mood. Functional
Limitations were associated with more Quake Impact and more post-disaster Depressed
Mood. Quake impact was highly associated with post-disaster Depressed Mood (.76).

Mediated path model—The final predictive SEM is presented in Figure 1. As with the
CFA model, fit indexes were acceptable: ML χ2 =709.06, 256 df; CFI =.95, RMSEA =.04;
S-B χ2 =574.49, 256 df; RCFI =.95, RMSEA =.04. Age and SES significantly predicted
pre-disaster Alcohol Problems, Depressed Mood, and Functional Limitations – all three of
which, in turn, predicted Quake Impact. Post-disaster Depressed Mood was predicted by
pre-disaster Depressed Mood as expected, and by Quake Impact. Notably, the coefficient for
the predictive path from Quake Impact to post-disaster Depressed Mood was larger than the
stability coefficient from the pre-disaster Depressed Mood (.62 vs. .40). Through the three
intermediate health variables, there were significant effects of lower SES and younger age
on greater Quake Impact (p<.001 for both). Through Quake Impact, post-disaster Depressed
Mood were indirectly influenced by pre-disaster Depressed Mood (p<.001), younger age
(p<.001), lower SES (p<.001), Alcohol Problems (p<.01), and Functional Limitations (p<.
01). The model explained 71% of the variance in post-disaster Depressed Mood.

Discussion
This study estimated the prospective association of Alcohol Problems with post-disaster
Depressed Mood, as mediated by the impact of the Northridge earthquake, in a clinical
cohort of U.S. veterans. The key finding is consistent with those of a previous analysis of
longitudinal data showing increases in global, single-item ratings of stress, anger, and
sadness among 84 problem drinkers several weeks after 9/11 (Perrine et al., 2004). With the
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substantially larger sample size in the current study, SEM allowed us to examine
relationships among both pre- and post-disaster variables. Mediated through Quake Impact,
Alcohol Problems were associated with post-disaster Depressed Mood, over and above their
association with pre-disaster Depressed Mood and the stability of Depressed Mood over
time.

Affecting virtually every organ system in the body, Alcohol Problems could increase the
risks of post-disaster Quake Impact and Depressed Mood in a number of ways. Chronic
alcohol abuse impairs cognitive functioning and psychomotor skills that would be critical in
emergency situations (Brick, 2008), interfering with the ability to assess danger accurately,
evacuate built structures expeditiously, and access needed recovery assistance. The
generalized skeletal fragility seen in some people with alcohol dependence, particularly the
elderly, may also increase the risk of injuries in the wake of a major disaster such as an
earthquake (NIAAA, 2000). Further, Alcohol Problems could impede adaptive, proactive
responses to injury and loss, potentially exacerbating and prolonging the adverse impact of
the earthquake on Depressed Mood. These relationships between pre-disaster Alcohol
Problems and post-disaster Quake Impact and Depressed Mood should be noted by VHA
service providers and administrators who are charged with emergency management
responsibilities. Just as they would for any other chronically ill patient group, VHA
personnel whose caseloads include a high prevalence of clients with alcohol problems
should consider creating disaster response protocols for locating and assisting these patients
in the aftermath of disasters.

Through their association with pre-disaster Alcohol Problems, Functional Limitations and
Depressed Mood, there were significant indirect effects of age and SES on Quake Impact
and post-disaster Depressed Mood. These relationships have not been described in previous
longitudinal work on substance abuse and disasters. In their study of the impact of 9/11,
Richman and colleagues (Richman et al., 2004) included age and education in their
multivariate analyses, but did not provide results for these variables in their report; the other
two longitudinal analyses of pre/post-disaster measures of which we are aware did not
include adjustments for demographic or socioeconomic characteristics (Perrine et al., 2004;
Rosenheck, 2002). In the current sample, higher SES was negatively associated with the pre-
disaster variables on Alcohol Problems, Depressed Mood, and Functional Limitations,
perhaps reflecting a greater capacity and set of socioeconomic resources for coping with the
physical and mental toll of military service (Autor et al., 2011). Older age had a negative
association with Alcohol Problems and pre-disaster Depressed Mood. Previous work has
reported that post-Vietnam era veterans – but not older Vietnam, Korean, and World War II
veterans – had a higher lifetime prevalence of substance use and other psychiatric disorders
than did age-matched non-veteran men (Norquist et al., 1990). The association of younger
age with Alcohol Problems and Depressed Mood may reflect differences between those who
were drafted into the military (i.e. Vietnam and before) versus those who self-selected for
service after the U.S. moved to an all volunteer force in 1973 (Rosenheck, 2006).
Alternatively, the negative association between older age and Alcohol Problems is
consistent with a “maturing out” (Dawson et al., 2005) hypothesis that the responsibilities of
civilian work and family roles (which generally increase with age) entail a decrease in
problematic alcohol use.

The impact of disasters on people with pre-existing functional limitations has received little
attention in previous research. In a cross-sectional study of individuals who sought mental
health treatment after the 1995 Oklahoma City bombing, a functional impairment measure
asking participants if they “had a lot of trouble doing things” was associated with alcohol
use (Pfefferbaum & Doughty, 2001). Alcohol Problems were not associated with Functional
Limitations in the current sample, probably because these limitations were more common
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among older veterans (who had fewer Alcohol Problems). The finding that age predicted
Quake Impact through Alcohol Problems is relevant for developing disaster response
interventions, because assistance that targets veterans on the basis of age rather than alcohol
problems is likely to be implemented more readily in the aftermath of a disaster.

This study has several limitations. Although the CAGE Alcohol Problems questionnaire has
been widely used by others (Ewing, 1984), it is important to note that the measure did not
have the rigor of a diagnosis; however, isolated symptoms or subsyndromal conditions are
often clinically relevant, particularly if a person’s cognitive or functional status is already
compromised due to other comorbid medical problems (Kavanagh & Connolly, 2009). The
low alpha for the Quake Impact items is a concern. This measure was developed for an
extremely time-sensitive needs assessment, in the aftermath of one of the most costly natural
disasters in U.S. history. Because of the emergent nature of the context in which the survey
was implemented, we do not have previous information on the validity of the items. Future
work to further evaluate the psychometric properties of the Quake Impact measure is
needed. The prospective study design lends credibility to the hypothesis that Alcohol
Problems influenced post-disaster Depressed Mood, but there is still the possibility of
reciprocity among measures taken at the same time point. Pre-disaster, the characteristics
represented by Alcohol Problems, Depressed Mood, and Functional Limitations may have
affected the earning power or educational potential of participants (as represented by the
SES variable). Post-disaster, it is possible that there were participants whose reports of
Quake Impact were unduly influenced by the greater Depressed Mood they were
experiencing at the time. A final limitation is that this sample did not include women, who
now represent approximately 8% of the veteran population (U.S. Department of Veterans
Affairs, 2012). Most population prevalence studies have shown greater use of alcohol by
men than women (Wilsnack, Vogeltanz, Wilsnack, & Harris, 2000). Although having a
sample consisting entirely of men might be advantageous for studying alcohol abuse
symptoms, future disaster research on veterans should include more women.

The association between Alcohol Problems and Quake Impact was significant, but of
considerably lower magnitude that the association between pre- and post-disaster Depressed
Mood. Nevertheless, these findings on the prospective association of Alcohol Problems with
Quake Impact and Depressed Mood suggest a number of directions for future work in this
area, particularly to identify the mechanisms by which alcohol would have such effects.
Opportunities to conduct prospective cohort studies with pre/post-disaster measures are
admittedly rare; however, the VHA continuously stores longitudinal data on utilization and
various clinical parameters that may permit retrospective cohort studies of the impacts of
disasters. A core mission of the VHA concerns disaster and emergency response for veterans
and the general population, and states that the VHA will provide support to communities
following major disasters (Bascetta, 2001). In fact, the VHA has directly provided care for
veterans — and sometimes non-veterans — during every presidentially declared national
disaster since 1992. The development and evaluation of emergency and disaster response
protocols are a key focus of the Veterans Emergency Management Evaluation Center
(VEMEC). The extensive administrative and clinical data system that the VHA maintains in
providing care for veterans could conceivably function as a population-based registry in the
event of a disaster. Using diagnostic, geographic (home residence), and demographic data
fields, subgroups of veterans with special needs living in close proximity to hazardous areas
could be identified and contacted as appropriate for post-disaster needs assessments. Given
the medical and social challenges faced by many U.S. veterans on a daily basis, research and
evaluation to improve the responsiveness of disaster relief services for this population are
crucial.
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Figure 1.
Structural equation model with significant regression paths assessing impact of pre-disaster
characteristics and earthquake-related variables on post-disaster depressed mood at follow-
up (N = 1144 veterans). Large circles represent latent variables; rectangles represent single
items. Single-headed arrows represent regression coefficients; two-headed arrows represent
correlations. Regression coefficients are standardized (a = p<.05, b = p<.01, c = p<.001).
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Table 1

Summary statistics and factor loadings in confirmatory factor analysis for 1144 veterans (All factor loadings
significant, p ≤.001.)

Variables (range) Mean SD Factor Loading

Demographics

Age (22–90 years) 60.84 12.54 ———

SES

 Education (range, 1–13 years) 7.90 2.80 .38

 Income (range, 1–3) 1.51 0.69 .53

Pre-Earthquake

Depressed Mood a

 Nervous 2.19 1.36 .71

 Calm b 2.83 1.38 .80

 Blue 1.99 1.23 .75

 Happy b 2.60 1.36 .74

 In the dumps 1.51 1.02 .67

Alcohol Problems, past 12 months c

 Feel the need to cut down on drinking 0.11 0.32 .72

 Make you mad if someone complains 0.04 0.20 .58

 Feel guilty about your drinking 0.06 0.23 .68

 Take a morning eye-opener 0.04 0.19 .50

 Health care person said should drink less 0.06 0.24 .57

Functional Limitations (1–5)

 Composite 1 1.46 0.61 .90

 Composite 2 1.42 0.66 .89

 Composite 3 1.42 0.68 .84

 Composite 4 1.72 0.83 .80

Post-Earthquake ———

Quake Impact

 Changes after earthquake (1–4) 2.28 1.15 .61

 Pain (1–2) 1.13 0.33 .39

 Severe stress for 2 weeks (1–2) 1.27 0.44 .70

Depressed Mood (1–6)

 Nervous 2.47 1.63 .81

 Calm a 3.00 1.53 .76

 Blue 2.19 1.40 .75

 Happy a 2.76 1.40 .71

 In the dumps 1.67 1.20 .65

a
Item scores range 1–6;
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b
Reverse-scored in analysis.

c
Coded 0 = no, 1 = yes.
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