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Abstract

Rationale—Sociological analyses of the psychological distress experienced by persons indirectly
exposed to traumatic stressors have been conceptualized as a form of communal bereavement,
defined by Catalano and Hartig (2001) as the experience of distress among persons not attached to
the deceased. Their theory predicts communal bereavement responses particularly in the setting of
loss of essential state, religious, or economic institutions.

Objective—To estimate the extent to which the September 11, 2001 attacks on the U.S. World
Trade Center had a causal effect on psychological distress nationwide.

Methods—We used a difference-in-differences framework applied to repeated cross-sectional
data from more than 300,000 participants in the 2000 and 2001 Behavioral Risk Factor
Surveillance System surveys. Psychological distress was measured using three questions eliciting
days of poor mental health-related quality of life. The September 11 attacks served as our
exposure of interest.

Results—The September 11 attacks had a statistically significant, adverse, causal effect on
psychological distress nationally. Both the magnitude and statistical significance of the estimated
effects were larger in the New York City region compared to the rest of the country. Our estimates
were robust to probes of the parallel trends assumption and potential sources of selection bias, as
well as to falsification tests. However, these effects had largely resolved within four weeks.

Conclusions—Contrary to findings from the medical and public health literature, we conclude

that the September 11 attacks did not have lasting effects on communal bereavement.
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INTRODUCTION

More than a decade after the September 11, 2001 attacks on the U.S. World Trade Center,
its health and social consequences continue to be discussed. Both first responders as well as
persons who resided in the immediate vicinity experienced a wide range of adverse health
and psychosocial sequelae (Brackbill et al., 2006; Galea et al., 2002; Lin et al., 2005; U.S.
Centers for Disease Control and Prevention, 2002). The September 11 attacks also led to
increases in personal experiences of abuse or discrimination related to race, ethnicity, or
religion (Lauderdale, 2006; Padela & Heisler, 2010). The findings of this body of literature
are consistent with the documented health and social consequences of other large-scale mass
casualty events, such as the 1972 Agnes Flood in the Wyoming Valley region of
Pennsylvania (Logue, Hansen, & Struening, 1979), the bombing of the Alfred P. Murrah
Federal Building in Oklahoma City (North et al., 1999), and Hurricane Katrina (Paxson,
Fussell, Rhodes, & Waters, 2012), among others (Galea, Nandi, & Vlahov, 2005). Also of
relevance to this literature are observational studies linking individual traumatic exposures
and emotional distress (Devries et al., 2013; Tsai, Weiser, Dilworth, Shumway, & Riley,
2015). In twin studies, stressful life events including violent assault have been shown to be
associated with the development of major depressive episodes (Kendler, Karkowski, &
Prescott, 1999; Kendler et al., 1995; Kendler, Thornton, & Prescott, 2001). Econometric
analyses of data obtained from men exposed to violence and other traumatic stressors
through military service have demonstrated increases in suicide and motor vehicle accident-
related mortality (Hearst, Newman, & Hulley, 1986); suicidal ideation and self-reported
diagnosis of posttraumatic stress disorder (Cesur, Sabia, & Tekin, 2013); and smoking, heart
disease, and lung cancer (Bedard & Deschénes, 2006). While other studies have yielded less
precise estimates (Angrist, Chen, & Frandsen, 2010; Dobkin & Shabani, 2009), the overall
thrust of the literature is that exposure to traumatic stressors has a direct, adverse, causal
influence on health and mental health.

An important unanswered question is whether the September 11 attacks had a causal
influence on psychological distress among people not directly affected by the event (Galea
& Resnick, 2005). While numerous surveys conducted after the September 11 attacks have
documented significant elevations in psychological distress among people not directly
affected by the event (Galea et al., 2002; Schlenger et al., 2002; Schuster et al., 2001; Silver,
Holman, Mclntosh, Poulin, & Gil-Rivas, 2002), few of these estimates have a casual
interpretation given their lack of a counterfactual framework or availability of pre-
September 11 measures. To address this gap in the literature, we analyzed repeated cross-
sectional data collected nationwide through the 2000 and 2001 Behavioral Risk Factor
Surveillance System (BRFSS) surveys, employing a difference-in-differences framework to
explore the causal relationship between the September 11 attacks and psychological distress
nationwide.

CONCEPTUAL FRAMEWORK

By definition, the diagnosis of posttraumatic stress disorder requires “exposure to an
extreme traumatic stressor,” either through “direct personal experience of an event,”
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“witnessing an event,” or “learning about” the event (American Psychiatric Association,
2000) (p.463). Indirect exposures to traumatic stressors may be salient to psychotherapists
and family members who experience psychological distress as a result of their affiliation
with a traumatized person (a concept that has been described as “secondary trauma” (Figley,
1983) or “vicarious trauma” (McCann & Pearlman, 1990)); or they may occur through other
channels like word of mouth, witnessing a distressing event from afar, or even viewing
media images of a distressing event (Ahern et al., 2002; Bernstein et al., 2007; Holman,
Garfin, & Silver, 2014; Neria & Sullivan, 2011; Silver et al., 2013). Precise classification of
the psychological distress resulting from such indirect exposures has so far eluded the field.
North and Pfefferbaum (2002) argued that exposure to a distressing event through the
viewing of media images is unlikely to meet the diagnostic criteria for “witnessing.” Neither
the fourth edition, nor the recently published fifth edition, of the Diagnostic and Statistical
Manual of Mental Disorders provide detailed guidance about the potential mechanisms
through which indirect exposure may occur (American Psychiatric Association, 2000, 2013).

Sociological analyses of the psychological distress experienced by persons indirectly
exposed to traumatic stressors have conceptualized these spillover impacts as a form of
“communal bereavement” (Hawdon, 2009). Catalano and Hartig (2001) defined communal
bereavement in response to loss as “the widespread experience of distress among persons
who never met the deceased” (p.333), particularly when the loss implicates the “failure of
institutions essential to the normal functioning of the community” (p.334). Using an
interrupted time-series design, they showed that the incidence of very low birth weight
increased in Sweden immediately subsequent to two events of nationwide salience to
Swedish citizens. In the U.S., the September 11 attacks provided the most relevant example
of a recent event that could provide an occasion for psychological distress on a national
scale (Alexander, Eyerman, Giesen, Smelser, & Sztompka, 2004), given that the events
crystallized for many Americans the fear that the U.S. could be vulnerable to attack on a
scale previously unimagined. The most highly cited studies in the medical literature provide
descriptive point prevalence estimates consistent with heightened levels of psychological
distress in the days to weeks following the September 11 attacks (Galea et al., 2002;
Schlenger et al., 2002; Schuster et al., 2001; Silver, Holman, Mclntosh, Poulin, & Gil-Rivas,
2002). Rates of alcohol and other substance use were similarly elevated (DiMaggio, Galea,
& Li, 2009; Vlahov et al., 2002). Other studies in this literature have focused on the extent
to which viewing media images (e.g., on television) of the September 11 attacks, and other
mass casualty events, may contribute to symptoms of depression or posttraumatic stress
(Ahern et al., 2002; Bernstein et al., 2007; Holman, Garfin, & Silver, 2014; Neria &
Sullivan, 2011; Silver et al., 2013). In general, however, we are fairly limited in our ability
to draw robust inferences from this literature about the extent to which the September 11
attacks had a causal influence on psychological distress among persons indirectly exposed
to the event.

This is an important and heretofore unresolved issue of public importance in the study of
health and social behavior because mental and substance use disorders account for a large
portion of disability-adjusted life years worldwide - with the largest shares attributable to
mood and anxiety disorders like major depressive disorder and post-traumatic stress disorder
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(Murray et al., 2013; Whiteford et al., 2013). The economic burden of these conditions is
substantial, with the most recent estimates from 2000 suggesting that depressive and anxiety
disorders combined accounted for more than $80 billion in direct costs, mortality costs, and
lost productivity (Greenberg et al., 2003; Greenberg et al., 1999). Even subthreshold
symptoms that are clinically significant, but do not meet diagnostic criteria, have important
social and economic consequences (Judd, Paulus, Wells, & Rapaport, 1996; Judd, Schettler,
& Akiskal, 2002).

Three studies from the literature on the September 11 terrorist attacks and communal
bereavement, drawn from public health, sociology, and economics, are most similar to ours.
Ford, Udry, Gleiter, and Chantala (2003) and Knudsen, Roman, Johnson, and Ducharme
(2005) conducted cross-sectional analyses of the National Longitudinal Study of Adolescent
Health and the National Employee Survey. They sought to assess the extent to which
temporal proximity to September 11, 2001 was associated with changes in mental health-
related outcomes like psychological distress and substance use. Their key identifying
assumption was that the timing of the study interviews relative to September 11 was
randomly distributed. While their approach was similar to modern regression-discontinuity
designs (Bor, Moscoe, Mutevedzi, Newell, & Barnighausen, 2014), the authors did not
follow this literature in formally testing their identifying assumptions. Metcalfe,
Powdthavee, and Dolan (2011) used panel data from the British Household Panel Survey
and applied a difference-in-differences approach with participant fixed effects to estimate
the causal influence of the September 11 attacks on psychological distress in the United
Kingdom. All three studies found that the September 11 attacks were associated with
heightened levels of psychological distress.

The empirical contribution of our study is fourfold. First, in comparison to Ford, Udry,
Gleiter, and Chantala (2003) and Knudsen, Roman, Johnson, and Ducharme (2005), we used
a broader sample of data. Ford, Udry, Gleiter, and Chantala (2003) analyzed data from a
national survey of young adults, while Knudsen, Roman, Johnson, and Ducharme (2005)
analyzed data from a national survey of employed Americans. The BRFSS surveys are
nationally representative, thereby enabling us to generalize our findings beyond young
adults or employed persons to the non-institutionalized U.S. population. Second, our use of
data from 2000 permitted us not only to examine whether there were differences in
psychological distress before and after September 11 in 2001, but also to do so in the context
of a differences-in-differences design, which would allay concerns that seasonal effects may
have contaminated the findings reported by Ford et al. (2003) and Knudsen et al. (2005).
Third, the analysis by Metcalfe, Powdthavee, and Dolan (2011), which is methodologically
most similar to the present work, focuses mainly on year-by-year and month-by-month
comparisons in psychological distress. Our study permitted a more detailed, week-by-week
assessment of the elevations in, and subsequent resolution of, psychological distress. Fourth,
in addition to estimating changes in psychological distress, we conducted falsification tests
(Prasad & Jena, 2013) by estimating changes in outcomes a priori not expected to be
affected by the September 11 attacks. We also more formally evaluated whether the timing
of the September 11 attacks was indeed exogenous with respect to the BRFSS surveys.
Thus, we were able to test the assumptions underlying the Ford, Udry, Gleiter, and Chantala
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(2003), Knudsen, Roman, Johnson, and Ducharme (2005), and Metcalfe, Powdthavee, and
Dolan (2011) studies in a more direct manner.

DATA AND METHODS

Ethics Statement

As this manuscript relies solely on public-use data from the Behavioral Risk Factor
Surveillance Survey, ethics approval was not required.

The Behavioral Risk Factor Surveillance System (BRFSS)

Measures

The BRFSS is a large, ongoing, nationally representative, telephone-based survey,
conducted annually by state health departments and the health departments of the District of
Columbia and several inhabited territories, with technical assistance and support from the
U.S. Centers for Disease Control and Prevention (Mokdad, 2009). For this analysis, we
pooled the data from the 2000 and 2001 BRFSS surveys. During these years, the health
departments of three inhabited territories also participated in the BRFSS (Guam, Puerto
Rico, and the U.S. Virgin Islands), but these data were excluded from estimation.

Since 1993, the BRFSS has included core “healthy days” health-related quality of life
(HRQOL) questions (Hennessy, Moriarty, Zack, Scherr, & Brackbill, 1994; U.S. Centers for
Disease Control and Prevention, 1994), with five “supplemental” symptom-related HRQOL
questions added in 1995 (U.S. Centers for Disease Control and Prevention, 1998). These
measures have been shown to have acceptable internal validity, construct validity, criterion-
related validity, and test-retest reliability, and are generally regarded as valid and reliable
measures of HRQOL (Moriarty, Zack, & Kobau, 2003; U.S. Centers for Disease Control
and Prevention, 2000). For this analysis, we were primarily interested in HRQOL outcomes
related to mental health. Each implementing state health department has flexibility to
participate in specific modules or add survey questions based on state health priorities. Thus,
not all states collected data on all of the outcome variables each year. This “healthy days”
mental health question was administered in all participating states in 2000 and 2001: “Now
thinking about your mental health, which includes stress, depression, and problems with
emotions, for how many days during the past 30 days was your mental health not good?”
(Appendix A). As secondary outcomes, we analyzed two additional questions that were
administered in a partial sample of participating states: “During the past 30 days, for about
how many days have you felt sad, blue, or depressed?” and “During the past 30 days, for
about how many days have you felt worried, tense, or anxious?” The three variables can be
combined into a single mental health summary index with good internal consistency
(Horner-Johnson, Krahn, Andresen, & Hall, 2009).

Statistical Analysis

The Stata statistical software package was used for statistical analysis (version 13.1 for Mac,
StataCorp LP, College Station, Tex.). All estimates were weighted with the BRFSS-
provided sampling weights, with robust estimates of variance corrected for clustering at the
level of the county (Froot, 1989; Rogers, 1993; Williams, 2000). We pooled the 2000 and
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2001 data and employed a difference-in-differences framework (Card & Krueger, 1994;
Meyer, 1995) to assess the extent to which the pre/post-September 11 differences in
outcomes were different in 2001 compared to 2000, fitting the following least squares
regression model:

Yi=Bo+aT;+BTip;+0 X406 +vi+pite;

where Y; represents the outcome for participant i and T; represents the timing of the BRFSS
interview for participant i, flexibly parameterized as a vector of ten dummy variables
representing the period (in any given year) between January 1 and August 13, the four one-
week periods prior to September 11, the four one-week periods following September 11, and
the period between October 9 and December 31. Although the most flexible specification
would have been to include 52 dummy variables corresponding to the 52 one-week periods
in any given year, we aggregated the time periods outside of the assessment window of
interest (January 1-August 13 and October 9-December 31) for the sake of parsimony. We
revisited this aggregation in a sensitivity analysis. These specific periods were chosen so
that we could examine week-by-week changes in the outcomes for a four-week period prior
to September 11 and for a four-week period beginning on September 11. The X; represent
socio-demographic variables, as well as known correlates of psychological distress,
including: age, race, gender, marital status, educational attainment, unemployment, and
income. We also adjusted for the number of calling occasions required to reach the study
participant. Finally, we included day-of-week (&), month (), and year (¢;) fixed effects to
account for circaseptum cycles (Helliwell & Wang, 2014; Larsen & Kasimatis, 1990; Stone,
Schneider, & Harter, 2012; Taylor, 2006; Tumen & Zeydanli, 2014) and seasonal or other
systematic variations in subjective well-being (Briere, Downes, & Spensley, 1983;
Rosenthal et al., 1984; Schwarz & Clore, 1983; Smith, 1979).

The estimated parameters of interest are the B, with a specific focus on the estimated
regression coefficients corresponding to the four one-week periods after September 11.
Statistically significant positive coefficients on the time period-by-year dummy variables
indicate worsened mental health in the post-September 11 period in 2001 compared to 2000.
We employed Wald-type F-tests to assess for the joint statistical significance of the
coefficient estimates on the four product terms corresponding to the four-week period after
September 11. Thus, the regression models we fitted to the data advance beyond those used
in Ford, Udry, Gleiter, and Chantala (2003) and Knudsen, Roman, Johnson, and Ducharme
(2005) in that participants who were interviewed on the same days of the month in 2000
served as an additional comparison group. The double differencing purges our estimates of
bias that could result from secular trends in the outcomes unrelated to the September 11
attacks. In addition, as described above, our analyses accounted for the number of calling
occasions required and day-to-day and other systematic variations in subjective well-being.
Interpretation of our estimates as causal relies on the exogeneity of the September 11 attacks
with respect to the timing of the interviews, the correct specification of our regression
model, lack of confounding from unobserved variables (i.e., aside from those that were
constant across participants, which would be accounted for with the time fixed effects), and
other assumptions as described in more detail below.
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To determine whether any observed effects could have been sustained over a longer period
of time, in a secondary analysis we doubled the length of the assessment window. We
flexibly parameterized the timing of the interview as a series of 18 dummy variables
representing the period (in any given year) between January 1 and July 16, the eight one-
week periods prior to September 11, the eight one-week periods following September 11,
and the period between November 6 and December 31. As with the primary analysis, we
employed Wald-type F-tests to assess for the joint statistical significance of the coefficient
estimates on the four product terms corresponding to the second four-week period from
October 9 to November 5.

Although the theory of communal bereavement elaborated by Catalano and Hartig (2001)
does not suggest geographic specificity, it is reasonable to expect that persons who more
closely identify with the failed institutions may experience more heightened levels of
psychological distress. Therefore we explored the extent to which any observed elevations in
psychological distress in the four weeks after September 11, 2001 compared with the four
weeks after September 11, 2000 were greater in the New York City region compared with
the rest of the country. The metropolitan statistical areas of focus were New York City, New
York; Newark, New Jersey; and Jersey City, New Jersey.

Robustness Checks

The internal validity of the differences-in-differences framework rests on the “parallel
trends” assumption, which requires similar pre-treatment trajectories in the outcomes of
interest for both the treatment and comparison groups, as well as the assumption that that the
observed trends would have continued had the treatment not been administered. In the case
of the present study, this assumption stipulates that trends in mental health outcomes prior to
the September 11 attacks were similar for BRFSS participants who were interviewed in
2000 compared to those who were interviewed in 2001, and that these trends would have
continued had the September 11 attacks not occurred. Therefore, we explored temporal
changes in mental health outcomes prior to September 11 (in both 2000 and 2001) to explore
the validity of this assumption. We also explored the extent to which the same patterns were
observed in the data for 1997, 1998, and 1999.

Second, in addition to potential violations of the parallel trends assumption, selection bias
could have affected our results. As described previously, not all states participated in the
supplemental HRQOL module. Because each implementing state health department has
flexibility to participate in specific modules based on state health priorities, it is possible that
states with worse population mental health (and greater susceptibility to the psychological
impacts of the September 11 attacks) would be overrepresented in the analyses of the
HRQOL outcomes derived from the supplemental module. Because the “healthy days”
mental health question was administered in all states in 2000 and 2001, we checked for this
potential bias by simply assessing the extent to which the estimates from that regression
model were consistent with the other two variables (and the mental health summary index).
We also used t-tests to determine whether the states that participated in the supplemental
HRQOL module had similar levels of mentally “healthy days” compared to states that did
not participate.
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Third, differential selection into the BRFSS sample could represent an important source of
bias. Specifically, factors related to the exposure could have enriched the post-September
11, 2001 sample for mental health problems, thereby biasing our estimates away from the
null (Galea et al., 2003). On its face, we believe this possibility to be unlikely given that, in
general, persons with higher socioeconomic status, persons with less psychiatric
comorbidity, and persons who do not engage in unhealthy risk behaviors are more likely to
participate in such surveys (Galea & Tracy, 2007). Furthermore, our regression models
adjust for the number of calling occasions required to reach the study participant.
Nevertheless, we also assessed the extent to which selection bias could have affected our
results by analyzing trends in the daily and weekly volume of completed surveys to
determine whether a lower volume of completed surveys was observed after the September
11 attacks. We also explicitly examined the possibility of bias resulting from changing
sample composition by examining whether socio-demographic characteristics of
respondents were different before vs. after September 11 in 2001 compared to 2000. In this
analysis, we used the same difference-in-differences framework as the primary analysis,
except that age, race, gender, marital status, educational attainment, unemployment, income,
and number of calling occasions required were specified as the dependent variable (in eight
separate regression models). We then employed Wald-type F-tests to assess for the joint
statistical significance of the coefficient estimates on the four product terms corresponding
to the four-week period after September 11.

Finally, we analyzed physical HRQOL as a falsification test. As this variable was a priori
not expected to be affected by the September 11 attacks, finding an association between the
event and physical HRQOL would suggest bias in our study design (Prasad & Jena, 2013).
The physical health summary index was constructed in a manner similar to the mental health
summary index also has comparable internal consistency (Horner-Johnson, Krahn,
Andresen, & Hall, 2009). Because the physical health summary index could potentially
capture somatization of psychological distress, we analyzed a number of other falsification
outcomes as well, including current pregnancy (among women), body mass index, and
history of asthma. The question about current pregnancy was administered only to women.
Body mass index was defined as self-reported weight (in kilograms) divided by self-reported
height (in meters) squared. Finally, history of asthma was elicited with the question, “Have
you ever been told by a doctor, nurse, or other health professional that you had asthma?
These specific outcomes were selected because indicators of physical health and physical
attributes were considered a priori unlikely to be affected by the exposure.

RESULTS

Characteristics of the pooled sample are shown in Table 1. In any given year, approximately
15 percent of the surveys were administered in the eight-week window from August 14
through October 8. The pooled mean number of days (in the past 30 days) with poor mental
health was 3.4 (standard deviation [SD], 7.6). For the other two mental health questions that
were administered in a subsample of states, the mean number of days feeling sad, blue, or
depressed was similar (mean, 3.3; SD, 7.0), while the number of days feeling worried, tense,
or anxious was greater (mean, 5.4; SD, 8.8). The combined mental health summary index
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had a mean of 3.9 (SD, 6.6), with good internal consistency according to conventional rules
of thumb (Cronbach’s alpha, 0.80).

During the eight-week window of interest, relatively flat trajectories of psychological
distress were observed nationwide prior to September 11 in either 2000 or 2001 (Figure 1).
Prior to September 11, the trajectories for 2001 closely match those for 2000, suggesting no
violations of the parallel trends assumption. The same pre-September 11 patterns in the data
are observed in 1997, 1998, and 1999 (Appendix B). Foreshadowing our difference-in-
differences estimates, after September 11, an upward trajectory in psychological distress was
observed in 2001 but not in 2000. The average mental health summary index increased from
3.9 (SD, 6.5) during January 1-September 10, 2001 to 4.6 (SD, 6.4) during September 11—
October 8, 2001, and then declined to 4.3 (SD, 6.8) during October 9-December 31, 2001.

Table 2 presents coefficient estimates for the difference-in-differences regression models,
specifically focusing on the product terms between the dummy variable for 2001 and the
four one-week periods from September 11-October 8. (The full set of regression estimates
appears in Appendix C.) In the analysis of the mental health summary index, three of the
four product terms were positive and two were statistically significant. An F-test confirmed
the joint statistical significance of the product terms (F=4.3, P=0.003), suggesting that
psychological distress was elevated in the four weeks following September 11, 2001
compared with the four weeks following September 11, 2000. When the three variables that
comprise the mental health summary index were examined as separate outcomes,
qualitatively similar patterns were observed in the product terms, with P-values for the F-
tests ranging from <0.001 to 0.14. The magnitudes of the regression coefficients indicate
that participants reported approximately 1-2 additional days of poor mental HRQOL,
depending on the specific outcome, in the four weeks after September 11, 2001 compared
with the four weeks after September 11, 2000. Focusing specifically on the one-week time
period for which the estimates were the most consistently precise (September 25-October 1,
2001), when compared to the sample means these estimates suggest relative increases
ranging from 25-60 percent, and when compared to the sample standard deviations these
estimates translated into effect sizes of 0.11-0.28 standard deviation units.

There was evidence of geographic specificity. Depending on the specific outcome, there was
more than a twofold difference in the magnitudes of the estimated effects among persons in
the New York City region compared with the rest of the country (Appendix D). The
statistical significance of these estimates was also greater among persons in the New York
City region, with F-statistics ranging from 4.52-13.9 (and P-values ranging from <0.001 to
0.02), compared with persons in the rest of the country (F-statistics ranged from 1.14-5.53
and P-values ranged from <0.001 to 0.34).

The effects of the September 11 attacks did not appear to consistently extend beyond four
weeks. Visual inspection of the trends in psychological distress in the 16-week window from
July 17 through November 5 in 2000 compared with 2001 suggested that mean levels of
psychological distress had returned to their baseline after four weeks (Appendix E). The
product terms corresponding to the period from October 9-November 5 did not achieve joint
statistical significance (F=0.84, P=0.50). When the three variables that comprise the mental
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health summary index were examined as separate outcomes, only the regression model for
poor mental health days had statistically significant product terms (F=3.01, P=0.02). The
relevant product terms in the regression models for the other two variables did not achieve
joint statistical significance, with F-statistics ranging from 1.12-1.52 (and P-values ranging
from 0.20-0.35). Finally, including a full set of dummy variables corresponding to all 52
one-week periods yielded no appreciable differences compared with the estimated treatment
effects shown in Table 2, with F-tests ranging from 3.14-4.83 (and P-values ranging from
<0.001 to 0.02).

Our estimates were robust to a series of checks. First, there did not appear to be evidence of
selection (at the state level) into participation in the supplemental HRQOL module. In the
2000 BRFSS, the average number of days with poor mental health was similar among
participants whose state health departments participated in the module vs. those whose states
did not (3.222 vs. 3.223; t=0.23, P=0.82); a statistically significant difference was observed
in the 2001 BRFSS, but the magnitude of the difference was negligible (3.15 vs. 3.25;
t=3.47, P<0.001). Second, there did not appear to be any systematic changes in the daily
volume of completed surveys around the September 11 attacks (Appendix F). Third, we
used difference-in-differences to examine the possibility that the September 11 attacks
induced substantive compositional changes in the pool of study participants. These
regression models were similar to our primary analysis, except that the observed participant
characteristics (age, race, gender, marital status, educational attainment, unemployment,
income, and number of calling occasions required) were specified as the dependent
variables. The P-values corresponding to the F-tests ranged from <0.001 to 0.94, but any
differences that were statistically significant (due to the large sample size) were small in
magnitude. Appendix G provides a graphical display of trends in the four socio-
demographic variables for which the F-tests showed the strongest degree of statistical
significance (P-values ranged from <0.001 to 0.20), and the lack of substantive differences
is apparent. Fourth, the falsification tests yielded null results (Appendix H). Namely, the
September 11 attacks did not lead to increases in reported pregnancy (among women) or
asthma, worsened physical health, or increased obesity. The F-test values were all less than
2, with P-values ranging from 0.20-0.95.

DISCUSSION

In this population-based study, we used a difference-in-differences framework to show that
the September 11, 2001 attacks on the U.S. World Trade Center had a causal effect on
psychological distress nationally. The mean increase in the number of days of poor mental
HRQOL is equivalent to the excess burden observed among American Indians and Alaska
Natives (Jia, Muennig, Lubetkin, & Gold, 2004) and is consistent with what is known about
historically-ingrained mental health disparities in the U.S. (Beals et al., 2005). However, the
impacts had largely resolved within four weeks of the event. In contrast to the previous
studies by Ford, Udry, Gleiter, and Chantala (2003) and Knudsen, Roman, Johnson, and
Ducharme (2005), our empirical strategy and falsification tests permit a causal
interpretation. The interpretation of our estimates as causal relies on the usual assumptions
that the regression model was correctly specified, that there was no unmeasured
confounding after adjustment for covariates (i.e., socio-demographic variables, calling
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Limitations

occasions, and time fixed effects), and that the timing of the September 11 attacks were
exogenous with respect to the timing of the interviews. In this vein, our study builds on the
robust methodological approach of Metcalfe, Powdthavee, and Dolan (2011) but applies it to
data from the U.S. context. We additionally improved upon that study by using data that
permitted more detailed, week-by-week assessments of the elevations in, and subsequent
resolution of, psychological distress.

An important strength of our study in comparison to previous work is that we were able to
address two important potential sources of bias. First, as discussed previously, the
difference-in-differences study design relies on the counterfactual assumption that trends in
psychological distress would have been the same in 2001 (compared with trends in 2000) in
the absence of the September 11 attacks. Differential macro trends in 2001 prior to the
attacks (compared with trends prior to September 11, 2000) could certainly bias our
estimates. While this counterfactual assumption cannot be directly refuted, it can be
indirectly assessed by examining trends in outcomes prior to the exogenous shock for the
exposed and unexposed. We explored the validity of this parallel trends assumption by
presenting graphical displays of the raw data that clearly demonstrate this assumption was
met. Second, while unlikely, it is possible that the post-September 11, 2001 sample could
have been enriched for mental health comorbidity. However, we adjusted for known socio-
demographic confounders, demonstrated that there were no systematic changes in the
volume of completed surveys around the September 11 attacks, and showed that there was
no evidence that the September 11 attacks induced substantive compositional changes in the
pool of study participants. Taken together, these robustness checks increase our confidence
in the conclusion that the September 11 attacks had a short-lived, causal effect on
psychological distress nationally.

The principal limitations of our study related to the primary outcome variables, both of
which would suggest caution in interpreting the magnitudes of the estimated effects. First,
the primary outcome variables were based on a 30-day measurement window. There is no
consensus on the “optimal” recall period for measures of psychological distress in general
(Stull, Leidy, Parasuraman, & Chassany, 2009), but given our specific study design and
exposure of interest, the regression models ideally would have used psychological distress
outcomes with measurement windows smaller by an order of magnitude (e.g., past 24 hours,
or past 7 days). Such variables, however, are not available in the BRFSS data. For
participants interviewed after September 11 in either 2000 or 2001, depending on how soon
after September 11 they were interviewed, the 30-day measurement window potentially
lumps together changes in psychological distress before September 11 with changes in
psychological distress after September 11. Our estimates indicate that study participants
reported approximately 1-2 additional days of poor mental HRQOL in the four weeks after
September 11, 2001 compared with the four weeks after September 11, 2000. Thus, our
results are still consistent with post-September 11 effects, given that aggregation over the
30-day measurement window would have had the effect of substantially biasing our
estimates toward the null. Furthermore, our findings are consistent with previous validation
studies showing that the “healthy days” variables are responsive to short-term changes
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(Moriarty, Kobau, Zack, & Zahran, 2005; Moriarty, Zack, & Kobau, 2003). A second
limitation is that our outcome variables did not permit us to make inferences about the extent
to which the September 11 attacks could have led to incident major depressive disorder,
post-traumatic stress disorder, or other mental disorders consistent with the Diagnostic and
Statistical Manual of Mental Disorders (American Psychiatric Association, 2000). Nor were
we able to assess the extent to which the observed changes in psychological distress resulted
in actual functional impairment. That being said, even subthreshold depressive symptoms
that do not meet diagnostic criteria have important social and economic consequences (Judd,
Paulus, Wells, & Rapaport, 1996; Judd, Schettler, & Akiskal, 2002). Transient elevations in
psychological distress are consistent with normal bereavement responses in response to
individually experienced stressful life events (Horwitz & Wakefield, 2007; Wakefield,
Schmitz, First, & Horwitz, 2007) or (as we argue on the basis of the data presented in this
article) to nationally experienced losses of essential institutions. More data would be needed
to extend our conclusions to clinically significant pathology (e.g., major depressive disorder
or post-traumatic stress disorder).

Conclusions

Notwithstanding these important limitations, our findings suggest not only the salience of
large-scale traumatic events for those who experience them indirectly but also resilience in
that these impacts may, on average, be relatively short-lived. Viewed through the lens of
Catalano and Hartig (2001)’s theory of communal bereavement, our estimates are consistent
with the theory that widespread psychological distress could be experienced by persons who
were not directly affected by a major event in the life of the nation. On the other hand, the
observed elevations in psychological distress had largely abated within four weeks. In this
respect our findings are consistent with those of Schlenger et al. (2002), who showed that
the levels of clinically significant psychological distress in a nationally representative
sample of adults in the U.S. returned to within normal limits 1-2 months following the
September 11 attacks. Future research may focus on identifying the kinds of mass casualty
events that generate communal bereavement, identifying specific subgroups that may
experience the largest and most meaningful changes in psychological distress, and
understanding the role of community-level factors in building resilience. While our results
demonstrate short-term resilience on average, there may be significant heterogeneity in
effects (e.g., by prior psychiatric history and/or access to social institutions such as religious
or community organizations). Understanding such heterogeneity may enrich our
understanding of the mechanisms underpinning communal bereavement and interventions to
target any possible significant health, social, and economic consequences of the events
leading to such phenomena.
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Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS

«  Losses of nationally significant institutions may result in communal
bereavement.

»  This study explores national distress after the September 11 terrorist attacks.

e Our study estimates are based on the method of difference-in-differences.

e The attacks had an adverse causal effect on psychological distress nationally.

»  The estimated psychological impacts were, on average, relatively short-lived.
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Table 1
Summary characteristics for the pooled sample
2000 BRFSS 2001 BRFSS
N  Pct. N  Pct
Date of interview
January 1-August 13 111,658 60.5 133,731 62.9
August 14-20 3,104 1.7 3,929 18
August 21-27 1,811 1 1,573 0.7
August 28-September 3 1,056 0.6 724 0.3
September 4-10 4,132 22 5,366 25
September 11-17 4,621 2.5 4,653 2.2
September 18-24 3,261 1.8 3,969 1.9
September 25-October 1 2,506 14 2,572 12
October 2-8 5,552 3 5,764 2.7
October 9—December 31 46,749 253 50,229 23.6
Mental health summary index (mean [s.d.]) 3.87 6.33 406 6.58
Days with poor mental health (mean [s.d.]) 331 747 348 7.69
Days sad, blue, or depressed (mean [s.d.]) 3.26 6.75 341 6.99
Days worried, tense, or anxious (mean [s.d.]) 532 857 555 8.79
Age, years (mean [s.d.]) 46.9 17.2 473 172
Non-Hispanic white 143,510 78.3 161,650 76.9
Female 109,680 59.5 126,048 59.3
Married 99,085 539 112,604 53.2
Educational attainment
Incomplete high school 22,041 12 25135 119
High school graduate 58,049 31.6 66,517 31.4
Incomplete college 50,664 27.5 57,316 27.1
College graduate 53,225 28.9 62,912 29.7
Unemployed or unable to work 14,076 7.6 18,029 8.5
Annual household income
Less than $25,000 51,682 326 57,313 317
$25,000-49,999 55,794 353 61,665 34.1
$50,000 or greater 50,784 32.1 61,832 34.2
Number of calling occasions
One call 43,764 23.7 49,435 233
2-3 calls 53,379 28.9 60,998 28.7
24 calls 87,307 47.3 102,077 48

Soc Sci Med. Author manuscript; available in PMC 2016 December 01.

Page 20



Page 21

Tsai and Venkataramani

100°0>d

X¥¥

‘710°0>d

*¥

'50°0>d
x

(#T°0=d) 9.°1=4

(100°0>d) €5'2=4

(£0°0=d) 6T2=4

8137010-TT

(£00°0=d) 0E"v=4 J1aquiaidas 10y suonoessiul porsad awil x Jeak ay) 10y 158)-H

20 8.T°0 68T°0 88T°0 80T°0 IST0 15T°0 22’0 1002 ‘T€ 19qWa23d-6 4870100
828°0 0vZ'0 5150 1650 62£°0 09T°0- 6950 95T°0 100Z '8-2 1800190
Zvs0 LT ZEV'0 wnx 9967 €0 6780 vo w9857 1002 ‘T 48001005z Jaquiaides
8211 068°0- 8850 5/€0 550 16T°0- 288°0 1850~ 1002 ‘v2-8T Jequisidas
90£°0 £25°0 1Zv°0 et 1CT 220 192°0- CI440) £0980 1002 ‘ZT-TT Jaquiaides
¥£9°0 6750~ 929°0 862°0- £9€°0 8610~ 9v5°0 €00 1002 ‘0T~ Joquaidas
vor'T 058°0 8551 1650 SeL°0 2600 €251 STL°0 1002 ‘€ Jeqwiades—gz 1snbny
900'T 950 5950 £67°0 Z67°0 L0T'0- 169°0 T8€°0 1002 'L2-Tz 1snBny
96.°0 LT~ 160 990~ 19€°0 wnnCEET 1150 wxCE T 1002 ‘02T 1snbny

IEX JEN JEN JEN 100z ‘€T 1snbny—T Arenuer

uonoeJaul poriad awi x Jes A

‘149 'P1S 'J90D ‘119 'P1S 'J80D ‘148 'PIS 'J90D ‘149 "'PIS J80D

SNOIXUE 10 ‘asu8) ‘parLIom sheq

passaadap J0 ‘an|q ‘pes skeq

yieay [eiusw aood yim shkeq

Xapu1 Arewiwuns yijesy [elusiy

Author Manuscript

Author Manuscript

8 1800100—T 1snbny ‘syoene TT Jaquialdas ayi Jo s1oedwi [ea160]0yaAsd

¢ ?olgel

Author Manuscript

Author Manuscript

Soc Sci Med. Author manuscript; available in PMC 2016 December 01.



