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Abstract

Purpose—To identify and understand the patterns and predictors of depressive symptom
trajectories over time after mass traumatic events.

Methods—Data was used from a prospective, representative sample of adult residents of the New
York City metropolitan area (n=2282) followed across four survey waves between 2001 (after the
September 11 attacks), and 2004. Semi-parametric group-based modeling was used to identify
trajectories, as well as the time-fixed and time-varying predictors of distinct depressive trajectories.

Results—Five distinct trajectories of depression were characterized: minimal symptomatology at
all time points (group 1, 39% of sample), mild delayed depression (group 2, 34% of sample), recovery
(group 3, 6% of sample), severe delayed depression (group 4, 13% of sample), and chronic severe
depression (group 5, 8% of sample). Among members of distinct trajectories, lower household
income, exposure to ongoing stressors, and exposure to traumatic events were commonly associated
with an increased number of depressive symptoms.

Conclusions—Ongoing socioeconomic adversity appears to be centrally associated with a worse
course of depression after exposure to traumatic events. Identifying distinct trajectories of depression
and the preventable factors that are associated with them may facilitate the development of
interventions that aim to promote better mental health.

© 2009 Elsevier Inc. All rights reserved.

Corresponding author Sandro Galea MD, DrPH Professor Department of Epidemiology University of Michigan, School of Public
Health 109 Observatory St, Room 3663 Ann Arbor, MI 48109-2029 tel: 734.647.9741 fax: 734.763.5706 cell: 917.930.6923.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.

Disclosures and acknowledgements
The authors report no competing interests



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Nandi et al. Page 2

Keywords
depression; mental disorders; disasters

INTRODUCTION

A growing body of epidemiologic research has assessed the burden of depressive
psychopathology following exposure to disasters (1-10), as well as in populations with
increased exposure to traumatic events, including war veterans (11) and refugees (12-14).
While comparisons across studies are complicated by substantial heterogeneity in the type of
disaster, sample, and study design, cross-sectional research suggests that depressive
symptomatology may be elevated in the immediate aftermath of a disaster, particularly among
those with greater exposure to the event (4,5,7,8). Results from prospective studies, in contrast,
have been inconsistent, limiting inference regarding longitudinal patterns of depression after
disasters. For example, some studies have observed a rapid resolution of depressive symptoms
after exposure to mass trauma (1), whereas other work has shown a persistent burden with little
evidence of recovery (2,6).

Recent findings show that multiple subgroups may exist among those exposed to mass trauma,
including those who are consistently free of symptoms, persistently affected, and with recurring
symptomatology. For example, using a descriptive approach, we recently characterized
patterns of depression over a 30-month period after the September 11, 2001 attacks in a
population-based sample of New York City (NYC) metropolitan area residents. We found that
68 percent of participants did not meet criteria for depression in the 30 months after the
September 11, 2001 attacks, while 30 percent experienced at least one episode of depression,
and 2 percent were persistently depressed (15). These results are consistent with theoretical
frameworks proposing that exposure to traumatic events may result in distinct trajectories of
depressive symptoms ranging from an absence of symptoms to chronically severe levels of
dysfunction (16).

A number of factors may predict membership in distinct trajectory subgroups following
exposure to a disaster. Individuals with a history of traumatic event exposure or who have co-
morbid psychiatric conditions may experience greater depressive disruption over time (3). Peri-
event characteristics, including a greater degree of exposure to a disaster event, may be
associated with a more chronic course of psychopathology (3,9,10). Additionally, the post-
disaster environment may be important; ongoing exposure to stressful or traumatic events, or
alternatively, having less access to social supports or other salutary resources, may predict
membership in more symptomatic trajectories (9,15).

There is a growing evidence for heterogeneity in the longitudinal patterns of depression in
population-based studies (17). However, analyses in populations exposed to mass traumatic
events have generally treated depression as a homogenous outcome characterized by acommon
longitudinal course of symptoms and we are not aware of any work that has applied emerging
statistical methods, such as latent growth modeling, to identify trajectories of depression in the
aftermath of a disaster. In contrast to conventional growth modeling approaches, latent growth
modeling approaches assign specific growth parameters to unobserved population subgroups
with relatively homogenous developmental paths (18,19). This makes it possible to test whether
distinct longitudinal trajectories of depression are present in a population and, relative to
subjective classification strategies, avoids the identification of spurious clusters that may
reflect random variation rather than true heterogeneity in longitudinal trajectories (20).
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In this study, we extend our prior work (15) by using a latent class growth analysis to examine
trajectories of depression, as well the time-fixed and time-varying determinants of distinct
depressive trajectories, among a representative sample of adult residents of the NYC
metropolitan area after the September 11, 2001 terrorist attacks.

We conducted a random-digit-dial household survey to recruit baseline respondents
approximately six months after the September 11 attacks (March 25-June 25, 2002). The
sampling frame consisted of all adults (18 years of age and older) in the NYC metropolitan
area. Interviews were conducted in English, Spanish, Mandarin, and Cantonese by trained
interviewers using translated and back-translated questionnaires and a computer-assisted
telephone interview system. Households were screened for eligibility by location. If eligible,
an adult in each household was randomly selected by choosing the adult whose birthday was
closest to the interview date. Up to ten attempts were made to conduct the interview. Further
details on this study are provided elsewhere (21).

Contact information was obtained for respondents, their key family members, and other
important contacts. Three follow-up interviews were conducted approximately 6, 18, and 30
months after baseline (September 25, 2002-January 31, 2003; September 25, 2003-February
29, 2004; December 15, 2004-November 30, 2005). The mean interview time for all surveys
was approximately 35 minutes. The Institutional Review Board at the New York Academy of
Medicine approved the study and all study subjects provided oral consent at the time of the
interview.

We used a modified version of the Structured Clinical Interview for Diagnostic and Statistical
Manual of Mental Disorders, Third Edition Revised (SCID) (22), a validated approach that
captures symptoms of major depression consistent with Diagnostic and statistical manual of
mental disorders, fourth edition (DSM-1V) criteria (23), to assess symptoms of major
depression. Respondents were asked about the presence for over two weeks of any of ten
symptoms of depression representing criterion A for major depression in DSM-IV. At the
baseline interview, respondents who reported two or more symptoms that occurred together in
a one-month period were asked about the timing of their most recent symptoms; symptoms
were categorized as having occurred before or since the September 11 attacks. The timing of
symptoms for respondents who reported either one symptom of depression or two or more
symptoms of depression that did not occur together in a one month period was unavailable and
these symptoms were categorized as having occurred before the September 11, 2001 attacks.
Consistent with DSM-1V guidelines, lifetime depression at baseline was defined as having five
or more symptoms for at least two weeks at any time in the past. At subsequent follow-up
interviews, we asked about the number of symptoms experienced for at least two weeks since
the prior interview. The Cronbach alpha for ten items used in our depression scale was 0.79
(24). Furthermore, in a prior validation study comparing our instrument, with depression
defined dichotomously as five symptoms experienced for at least two weeks, with the Brief
Symptom Inventory (BSI) (25), the BSI depression scale had a sensitivity of 73% and
specificity of 87% as classified by our instrument (26). In addition to being used in previous
surveys focusing on the effects of the September 11 attacks, this scale has also been used in
other population surveys (5,27).

Time-fixed covariates were assessed at baseline. We asked about sociodemographic factors,
including age, gender, race/ethnicity, marital status, and educational attainment. To evaluate
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pre-event stressors, we asked respondents if they experienced divorce or separation, marriage,
family problems, problems at work, or unemployment in their lifetime prior to the September
11 attacks. We asked about exposure to any of 12 traumatic events (e.g., natural disaster;
accident at work, in a car, or somewhere else; assault with a weapon; unwanted sexual contact;
death of a spouse or mate) in the time prior to the September 11 attacks. To assess if respondents
were directly affected by the September 11 attacks we asked if they were in the World Trade
Center on September 11, injured during the attacks, had a friend or relative killed, had
possessions lost or damaged, lost a job because of the attacks, or were involved in the rescue
effort. In the analysis, exposure to pre-event stressors, exposure to pre-event traumatic events,
and direct exposure to the September 11 attacks were dichotomized. To evaluate social support
we asked about emotional (e.g., “someone to love you and make you feel wanted”),
instrumental (e.g., someone to help you if you were confined to bed”), and appraisal (e.g.,
“someone to give you good advice in a crisis”) support in the six months prior to the September
11 attacks using an abbreviated version of the Medical Outcomes Study social support scale
(28). The Cronbach alpha for the five-item modified version of this scale was 0.90 (29). For
the analysis, social support scores were summed and categorized as low, medium, or high based
on the tertiles of social support reported in the sample. To assess peri-event emotional reactions
to the September 11 attacks, we used a modified version of the Diagnostic Interview Schedule
subscale for panic attack (30), phrased to detect symptoms experienced “in the first few hours”
after the September 11 terrorist attacks. Respondents who reported at least four out of a total
of 16 symptoms were classified as having had a peri-event emotional reaction. Further
information on the measurement of peri-event emotional reactions is provided elsewhere
(31).

Time-varying covariates, including household income, stressors, and traumatic events, were
assessed at each interview. Ongoing stressors and traumatic events were measured using the
same items as time-fixed stressors and traumatic events, as described above. At baseline,
respondents reported their experience of stressors and traumatic events since the September
11 attacks; in follow-up interviews, respondents reported their experience of stressors and
traumatic events since the prior interview. Time-varying variables for ongoing stressful and
traumatic events were dichotomized for analysis into those who did or did not experience any
stressors or traumatic events at each time point. Household income was updated at each
interview and was dichotomized less than $30,000) or greater than or equal to $30,000 for this
analysis.

Statistical analyses

Sampling weights were developed and applied to the data to correct for potential selection bias
relating to the number of household telephones, persons in the household, and over-sampling.
We also applied post-stratification weights to make the follow-up survey samples
demographically representative of the NYC metropolitan area population according to the 2000
US Census (32).

We used semi-parametric group-based modeling, a type of latent growth curve analysis, to
identify trajectories of depressive symptoms across survey waves and to assess determinants
of trajectory group membership (20,33). We fit zero-inflated Poisson regression models to
account for the greater number of zeros in the count of depressive symptoms than would be
expected under the Poisson distribution. Bayesian Information Criterion (BIC) was used to
select the best-fitting model. After selecting the model with the optimal number of trajectory
groups, we determined the appropriate shape of each trajectory group (i.e., linear, quadratic,
cubic) based on statistical significance (p<0.05). For each individual, we calculated the
probability of belonging to each trajectory group. Individuals were then assigned to the group
with the largest posterior probability. Adjusted analyses were conducted by

Ann Epidemiol. Author manuscript; available in PMC 2010 November 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Nandi et al.

RESULTS

Page 5

contemporaneously adding time-fixed and time-varying covariates to the best-fitting trajectory
models; time-fixed covariates were added assuming they affected the probability of group
membership and time-varying covariates were added assuming they affected the expected
number of depressive symptoms within each trajectory group. Only variables that were
significantly associated with trajectory group membership in bivariate models were considered
in adjusted models.

Sample characteristics

Trajectories

2,282 of the 2,752 total baseline participants completed at least one follow-up interview and
were included in the study sample. The respondents included were comparable to both the total
baseline sample and the general population of the NYC metropolitan area with respect to basic
demographic characteristics (15). The distributions of time-fixed and time-varying covariates
for the baseline and three follow-up waves are shown in Table 1. At baseline, the mean age
was 44.7 years, 45.2% of respondents were male, 60.0% were married, 64.5% had at least some
college education, and the racial/ethnic composition was 55.5% White, 5.4% Asian, 16.6%
Black, 18.5% Hispanic, and 4.1% other race/ethnicity. 20.6% of respondents reported at least
one pre-September 11t stressor and 9.1% experienced at least one ongoing stressor between
the September 11 attacks and their baseline interview. 76.8% and 13.9% of respondents
reported at least one pre-September traumatic event and ongoing traumatic event, respectively.
Twenty-eight percent of respondents were directly affected by the attacks and 13.7%
experienced a peri-event emotional reaction. At baseline, 27.9% of respondents reported less
than $30,000 in household income. The mean numbers of depressive symptoms were 0.82,
1.85, 1.98, and 2.11 at waves 1, 2, 3, and 4, respectively.

of depressive symptoms

Using the BIC to compare models with different numbers of trajectory groups, we found that
a model with 5 groups provided the best fit for the patterns of depressive symptoms in our
sample. As shown in Table 1, the depressive symptom growth curves for groups 1 and 5 were
best defined by intercept, linear, and quadratic terms, whereas parameter estimates for groups
2, 3, and 4 suggested cubic trends. The average posterior probabilities of group assignment
ranged from 0.733—0.924 for the trajectory groups; these probabilities reflect . Growth curves
for the 5 groups are shown in Figure 1. Three groups were described by the absence of
depressive symptomatology at baseline, but were distinguished by distinct increases in the
number of symptoms over the study period. On average, respondents in group 1 (39.4% of the
sample) gradually increased to fewer than 1 symptom of depression over the course of follow-
up. In the 6 months after baseline, respondents in groups 2 and 4 showed average increases of
1.5 and 5 depressive symptoms, respectively. Thereafter, respondents in group 2 (33.5% of the
sample) increased to 2 symptoms at the end of the study period, whereas the number of
depressive symptoms among respondents in group 4 (13.2% of the sample) increased by
approximately 1 symptom between 6 and 18 months after baseline and then decreased gradually
until the end of the study period. Two groups were characterized by depressive
symptomatology at baseline. On average, respondents in group 3 (5.6% of the sample) showed
a decrease from approximately 5 depressive symptoms to 1 symptom in the 6 months after
baseline, followed by a gradual decline in symptomatology until the end of the study period.
Group 5 (8.3% of the sample) declined from approximately 7 to 5.5 depressive symptoms in
the first 6 months after baseline and then showed an average increase to 6 symptoms at the end
of the study period.
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Determinants of depressive trajectory groups

The results of a fully adjusted model assessing the relation between time-fixed and time-
varying covariates and membership in depressive symptom trajectory groups are presented in
Table 2. Women were more likely than men to have been assigned to group 4 relative to group
1, the group that showed minimal symptomatology over time. Black or Latino, compared to
White race/ethnicity, was associated with membership in groups 2, 4, and 5 relative to group
1. Relative to married respondents, single respondents were more likely to be in groups 2, 4,
and 5 relative to group 1, whereas divorced, separated, or widowed respondents were less likely
to be in group 3 relative to group 1. Relative to respondents with at least a college degree, those
with lower educational attainment were more likely to be assigned to groups 2, 4, and 5 and
less likely to be assigned to the group 3 compared to group 1. Exposure to at least one pre-
September 11 stressor compared to none was associated with membership in groups 4 and 5
compared to group 1. Exposure to at least three pre-September 11 traumatic events compared
to none was associated with membership in groups 3 and 4 relative to the group 1. Those who
were directly affected by the September 11 attacks were more likely than those who were not
to be assigned to group 3 relative to the group 1. Participants with low to medium levels of
social support compared to higher levels were more likely to be assigned to groups 4 and 5
relative to group 1. Those who experienced a peri-event emotional reaction were more likely
than those who did not to be in group 5 relative to group 1. Those who reported lifetime
depression prior to the attacks were more likely than those who did not to be assigned to groups
3, 4, and 5 relative to group 1.

Among time-varying covariates, we found that lower household income relative to higher
income was associated with an increased number of depressive symptoms for members of
group 4. Reporting one or more ongoing stressors relative to none was associated with an
increased number of depressive symptoms for members of groups 2 and 4. Finally, reporting
exposure to one or more ongoing traumatic events compared to none was associated with an
increased number of depressive symptoms for those assigned to groups 1, 2, 4, and 5.

DISCUSSION

Trajectories of depressive symptoms

Our findings suggest that the epidemiology of depression after exposure to mass trauma is
more adequately described by a heterogeneous set of distinct trajectory subgroups than a
homogenous population-average level of symptoms over time. Using the DSM-1V, which
defines depression based on the presence of five or more symptoms experienced during at least
a two-week period, as a rough guideline we can categorize distinct trajectories as clinically or
not clinically relevant. We found that the most common trajectory of depression after the
September 11 attacks was group 1, which was characterized by resistance, or negligible levels
of depressive symptoms over time; in contrast, fewer than ten percent of respondents were
assigned to group 5, characterized by chronic levels of severe symptomatology. These findings
corroborate the prevailing observation that most individuals exposed to mass trauma maintain
a relatively stable trajectory of healthy functioning, whereas a smaller proportion are
persistently depressed (15). We identified three inconstant trajectories that showed changes in
depressive severity over time. Almost 50 percent of respondents were assigned to groups 2 and
4, which showed an increase in symptomatology that persisted at mild and severe levels,
respectively. Consistent with other trauma research (11), these results suggest that delayed
depression may be a common trajectory of depression following disasters. Members of group
3 showed a monotonic decline in depressive symptoms over time that is characteristic of
research assessing the longitudinal course of depression in samples anchored to a specific event,
be they clinical samples or samples collected after mass traumas (27). This group was
characterized by clinically relevant levels of depression at baseline; however, by the end of
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follow-up, levels of depressive symptoms in this group approached mild levels, suggesting that
this trajectory represented recovery rather than resilience, which is described in the literature
by a more rapid return to normal functioning (16).

Determinants of depressive trajectory groups

Limitations

Our findings suggest that trajectory groups are distinguished by a number of factors.
Sociodemographic characteristics, including race/ethnicity and marital status, frequently
discriminated between the trajectory groups, even after adjusting for other factors including
exposure to stressors, exposure to traumatic events, and social support. For example, relative
to Whites, we found that Blacks and Latinos were more likely to be assigned to the three
trajectory groups characterized by persistent levels of depressive symptoms than the resistance
group. Similarly, single compared to married status and less compared to more educational
attainment were both associated with membership in groups characterized by persistent
depressive symptomatology. There are a number of potential explanations for these important
sociodemographic differences between groups. For example, differential access to salutary
resources not considered in this study, including access to mental health care and stable
employment, may explain differences by race/ethnicity, marital status, and education (34-36).

Respondents with greater exposure to pre-event stressors and traumatic events and fewer social
supports to buffer them were more likely to be assigned to highly symptomatic versus less
symptomatic depressive groups. For example, we found that the two groups with severe levels
of symptoms, the chronic severe depression and severe delayed depression groups, were the
only groups that were more likely to report exposure to pre-event stressors relative to the
resistance group. Exposure to prior stressors may exacerbate levels of depression in the
aftermath of a disaster. Furthermore, we found that respondents who experienced a peri-event
emotional reaction in the first few hours after the September 11 attacks were more likely than
those who did not to be assigned to the group with chronic severe depression, relative to the
resistance group. Although the temporality is indeterminate, a peri-event emotional reaction
may be an important predictor of persistent psychopathology following traumatic event
experiences. Finally, those reporting a lifetime history of depression were more likely than
respondents who did not to be assigned to groups with a higher initial number of depressive
symptoms.

Among time-varying covariates, we found that lower household income and exposure to
ongoing stressors and traumatic events were associated with an increased number of depressive
symptoms in various trajectory groups, with the exception of the recovery group. Our findings
corroborate recent work showing that decreased standards of material living were associated
with increased depressive symptomatology in a general population sample (37). Post-migration
stressors have also been associated with increased depression scores in a sample of refugee
children (12). In disaster settings, our findings suggest that the experience of ongoing adversity
may function to protract levels of depression over time. These results highlight the importance
of considering ongoing stressful circumstances, as well as the material resources for adequately
coping with them, to improve trajectories of depression after exposure to mass trauma.

There are several limitations to this study. First, we used telephone interviews to assess
depressive symptoms. Although it has been shown that telephone and in-person assessment of
Axis | disorders, including depression, result in comparable estimates of symptomatology
(38,39), depressive symptoms collected via self-report cannot be equated to depression
assessed by a trained clinician. Second, our sampling frame excluded respondents without a
household telephone. However, we found that there were no significant differences in the
distribution of key demographic characteristics between the sample included in this analysis
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and the general population of the NYC metropolitan area, both at baseline and during
subsequent follow-up waves (32). Third, it is possible that losses to follow-up may have biased
our sample. However, we found that the application of censoring weights in another study
using the same dataset did not appreciably alter results (40), suggesting that our findings are
not sensitive to the degree of loss to follow-up that occurred in our sample. Fourth, we were
unable to control for medication use. However, we did adjust for lifetime depression, which
was associated with membership in more symptomatic groups compared to the resistance
group, suggesting that assignment to the resistance group was not an artifact of anti-depressive
medication use. Fifth, in order to achieve the convergence of our statistical models, we
dichotomized time-varying covariates. This may have introduced measurement error. Finally,
due to data limitations the timing of depressive symptoms was categorized as having occurred
before the September 11, 2001 attacks for respondents who reported one symptom or two or
more symptoms that did not occur together in a one-month period. In separate analyses we
assessed the sensitivity of our results to this assumption and found few qualitative differences
in terms of either the patterns or predictors of depressive symptom trajectories in our sample.

We found evidence of distinct trajectories of symptoms of depression in a representative sample
of adult residents of the NYC metropolitan area after the September 11 attacks. Our results
suggest that the number of depressive symptoms endorsed by an individual following exposure
to mass trauma may not be an appropriate prognosticator for targeted intervention. For
example, at any particular occasion, cross-sectional analyses imply that individuals with the
same number of depressive symptoms are categorically similar. However, our analyses suggest
that individuals with the same number of depressive symptoms at any particular time may
belong to clinically distinct subgroups. This underlines the importance of identifying distinct
depressive trajectories rather than assuming that all persons follow a similar clinical course.

We also found that the determinants of depressive symptoms vary by trajectory group. Our
analysis of the time-fixed and time-varying covariates suggested that factors including race/
ethnicity, education, income, and exposure to stressors and trauma might underlie the gradient
we observed in susceptibility to depression. Future work aimed at building models to predict
depressive trajectory membership among individuals exposed to trauma may facilitate targeted
interventions that reduce the burden of depression after disasters.
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FIGURE 1.
Trajectories of depressive symptoms among residents of the New York City metropolitan area
after the September 11, 2001 attacks (n=2,282)
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