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Longitudinal Determinants of Posttraumatic Stress in a
Population-Based Cohort Study
Sandro Galea,*†‡ Jennifer Ahern,*§ Melissa Tracy,* Alan Hubbard,§ Magdalena Cerda,*†¶
Emily Goldmann,* and David Vlahov†‡
Background: Posttraumatic stress disorder is a prevalent and disabling psychologic pathology. Longitudinal research on the predictors of posttraumatic stress symptomatology is limited.
Methods: We recruited 2752 participants to a prospective, population-based cohort study by conducting a telephone survey of adult
residents of the New York City metropolitan area in 2002; participants completed 3 follow-up interviews over a 30-month period.
Censoring weights were estimated to account for potential bias. We
used generalized estimating equation logistic regression models with
bootstrapped confidence intervals to assess the predictors of posttraumatic stress over time in multivariable models.
Results: Predictors of posttraumatic stress over time included ongoing stressors (odds ratio 关OR兴 ⫽ 1.91 per 1 unit increase in
number of stressors, 关95% confidence interval ⫽ 1.55–2.36兴) and
traumatic events (OR ⫽ 1.92 per 1 unit increase in number of
traumatic events 关CI ⫽ 1.71–2.22兴), social support (compared with
high levels, OR ⫽ 1.71 for medium 关1.09 –2.52兴; OR ⫽ 1.57 for low
关1.08 –2.35兴), low income (OR ⫽ 0.87 per $10,000 increase 关0.81–
0.92兴), female sex (1.60 关1.11–2.23兴), and Latino ethnicity (compared with white, OR ⫽ 1.74 关1.05–2.97兴).
Conclusions: These findings suggest that ongoing stressors play a
central role in explaining the trajectory of posttraumatic stress over
time, and that factors beyond the experience of stressors and traumas
may account for sex and ethnic differences in posttraumatic stress
risk. Interventions that focus on reducing ongoing adversity may
help mitigate the consequences of traumatic events.
(Epidemiology 2008;19: 47–54)
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O

ver the past 20 years, several large studies have documented a high prevalence of posttraumatic stress disorder (PTSD) in the general population and a substantial health
burden from this disorder.1–3 A range of risk factors for
PTSD have been identified, including genetic inheritance,
childhood experiences, the experience of major adverse traumas and stressors, sociodemographic characteristics, and personality traits.4 –7
However, much of the published research on PTSD in
population-based samples has been cross-sectional, and
among the longitudinal studies, most have been limited to 1
follow-up interview.8 The available information about the
development of PTSD is limited in 2 primary ways. First, we
have little information about the contribution of changes in
life circumstances and experiences to the risk of PTSD.
Second, it is well recognized that prior history of psychopathology is an important determinant of future risk of psychopathology,9 –11 yet, very few assessments have accounted for
previous history of psychopathology in analyses of current
PTSD. With increasing concern about traumatic exposures
and their psychologic consequences (including mass traumas
such as natural disasters and terrorist incidents), a better
understanding of the factors that are associated with PTSD
over time, particularly potentially modifiable factors, becomes important. Such information may provide clues as to
the etiology of PTSD and thereby guide programs to prevent
the development and improve the management of this disabling disorder.
We examined the longitudinal determinants of posttraumatic stress symptomatology in a representative sample
of residents of the New York City metropolitan area over a
30-month period, administering interviews to the same persons on 4 occasions.

METHODS
Sample
We recruited 2752 participants to a prospective, population-based cohort study by conducting a telephone survey
of adult residents of the New York City metropolitan area
between March 25, 2002, and June 25, 2002. The methods are
described in more detail elsewhere.12 This cohort was assembled to assess population mental health approximately 6
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months after the September 11th terrorist attacks in 2001. The
sample was selected through a simple area-probability random-digit-dial procedure. Baseline survey cooperation (56%)
and response rate (34%) were within the accepted range for
comparable random-digit-dial health surveys.13 Up to 10
attempts were made to conduct an interview, and adults in
each household were randomly selected by choosing the adult
whose birthday was closest to the interview date.
Computer-assisted telephone interviews were conducted in English, Spanish, Mandarin, and Cantonese by
trained interviewers using translated and back-translated
questionnaires. Our first follow-up assessment, approximately 6 months after baseline (September 25, 2002, to
January 31, 2003) was designed to document acute changes
in population burden of posttraumatic stress after the terrorist
attacks and subsequent follow-up, at approximately yearly
intervals (September 25, 2003, to February 29, 2004, and
December 15, 2004, to November 30, 2005), was designed to
document the longer-term trajectory of posttraumatic stress in
the population. Interviewers had direct access to psychiatrists
and psychologists for referral if indicated or if requested by
participants. After complete description of the study to participants, verbal informed consent was obtained before each
study phase. All participants received a nominal $10 incentive to participate in each survey wave and a $5 incentive
between the survey waves. The institutional review board of
the New York Academy of Medicine reviewed this study.

Measures
We measured characteristics that have, in previous
work,5,7 been shown to be associated with posttraumatic
stress. Information on individual covariates (including age,
sex, race/ethnicity, income, education, and marital status) was
obtained from respondents at the baseline interview using a
structured questionnaire. We assessed social support by asking about the following types of support in the 6 months prior
to the September 11th attacks: emotional support (eg, “having
someone to love you and make you feel wanted”), instrumental support (eg, “someone to help you if you were confined to
bed”), and appraisal support (eg, “someone to give you good
advice in a crisis14”). We summed the responses and divided
the combined social support score into thirds for analysis.
September 11th experiences were also assessed, and
respondents were classified by whether they were directly
affected by the attacks of the World Trade Center (in the
World Trade Center complex during the attacks, injured
during the attacks, lost possessions or property, had a friend
or relative killed, lost job as a result of the attacks, or
involved in the rescue effort). We assessed perievent emotional reactions using a modified version of the Diagnostic
Interview Schedule subscale for panic.15 Participants who
endorsed at least 4 of the panic symptoms listed in the
Diagnostic and Statistical Manual (DSM-IV) within the first
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few hours after the World Trade Center attacks were classified as having had a perievent emotional reaction.
At baseline respondents were also asked about the lifetime
occurrence of any of 12 traumatic events (natural disaster;
serious accident at work, in a car, or somewhere else; assault
with a weapon; assault without a weapon; unwanted sexual
contact; serious injury or illness; other situation involving serious injury or physical damage; situation causing fear of death or
serious injury; seeing someone seriously injured or violently
killed; death of a spouse or mate; death of a close family
member other than a spouse; any other extraordinarily stressful situation or event). At each subsequent interview respondents were asked whether any of these 12 events had occurred
since the previous interview. We also asked about stressors
that may be experienced in daily life and that are not considered to be traumatic events, as listed above. These included
divorce or separation, marriage, family problems, problems at
work, and unemployment.16 Respondents reported events for
the previous year at baseline, and then at each follow-up
interview they reported events since the previous interview.
Each trauma or stressor was reported dichotomously by
respondents, and sums of these events (sum of traumas, sum
of stressors) at baseline or during the previous follow-up
period were included in the analysis.
We used the National Women’s Study posttraumatic
stress module questions17 to assess posttraumatic stress
symptoms. At the baseline interview, participants were asked
about lifetime occurrence of symptoms and about symptoms
since the September 11th terrorist attacks; at all follow-up
interviews they were asked about posttraumatic stress since
the last interview. This module was validated in a field trial
against the PTSD module of the Structured Clinical Interview
for DSM-III-R administered by mental health professionals.
In the field trial, instrument sensitivity was 99% and specificity was 79% when compared with the Structured Clinical
Interview diagnosis.17 Previous research using this measure
among persons with a history of specific potentially traumatic
events (eg, rape, physical assault, or crime more generally)
has shown that associations of these covariates with posttraumatic stress were highly consistent with those reported in
other epidemiologic studies that carefully assessed both history of events and posttraumatic stress, suggesting good
construct validity for the module we used.18 –20 This module
assesses the presence of criterion B (reexperiencing, eg,
intrusive memories, distressing dreams), C (avoidance, eg,
efforts to avoid thoughts associated with the trauma, loss of
interest in significant activities), and D (arousal, eg, difficulty
falling asleep or concentrating) symptoms and determines
content for content-specific symptoms (eg, content of dreams
or nightmares) if symptom presence is endorsed. Symptom
endorsement was dichotomous (yes/no) and symptoms were
assessed in relation to any trauma at any time in the respondents’ lifetime, before or after September 11th. We assessed
© 2008 Lippincott Williams & Wilkins
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posttraumatic stress based on the presence of at least one
reexperiencing symptom, at least 3 avoidance symptoms
(content-specific where relevant), and 2 arousal symptoms.
Because this was a lay-administered structured interview
rather than a clinical interview, no diagnosis of PTSD can be
established from this data. Since its implementation, the
National Women’s Study posttraumatic stress scale has been
used in a number of large-scale mental health surveys involving over 16,000 completed telephone interviews, and further
information about scale validity is available in previously
published work.18 –21

Statistical Analyses
Sampling weights were applied to the data to correct for
potential selection bias relating to the number of household
telephones, persons in the household, and oversampling. We
compared the distributions of key demographic characteristics for respondents included in our analysis to respondents
included in the baseline sample to assess any differences
between those included in the analysis and those lost to followup. We also compared the included respondents with 2000 US
Census data for the New York City metropolitan area.22
We used logistic regression models to assess bivariable
and multivariable relations of participant characteristics and
experiences with posttraumatic stress symptoms, and we
report robust standard errors accounting for repeated measures on the same individual using a generalized estimating
equation approach.23 The following characteristics were measured only during the baseline assessment and as such were
modeled as time-invariant: sex, race/ethnicity, educational
attainment, marital status, baseline household income, social
support, lifetime traumatic events (prior to September 11,
2001), baseline traumatic events (between September 11,
2001, and the baseline interview), baseline stressors, and
lifetime history of posttraumatic stress. The following variables were measured at all time points and were modeled as
time-varying covariates: change in household income, traumatic events and stressors since the previous interview, and
posttraumatic stress at the previous time period.
Although data were rarely missing for key variables,
income was missing for approximately 18% of participants.
We conducted the analyses presented here (a) restricted to
persons on whom we had complete data, including income
data, (b) using an indicator variable for missing income data,
and (c) with missing income values imputed based on baseline demographic characteristics. To impute income, we regressed baseline income on baseline age, sex, race/ethnicity,
marital status, education, and stressful life events using a
linear model. For individuals missing income, baseline income values were predicted based on their baseline covariates
and the model coefficients. Model results were similar regardless of how missing income was incorporated; we summarize here the multivariable analyses with income imputed
based on demographic variables.
© 2008 Lippincott Williams & Wilkins
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Participants with posttraumatic stress symptoms at
baseline were not questioned about their lifetime history of
such symptoms prior to September 11, 2001. We conducted
sensitivity analyses to assess the implications of modeling
these participants as having a history of posttraumatic stress
and as having no such history prior to this date. Results from
these models did not change appreciably, and we present here
the most conservative models, in which participants with
symptoms at baseline are modeled as also having prior
lifetime posttraumatic stress. We also examined effect modification for plausible interactions based on the available
literature, using interaction terms.
Over the course of follow-up, 46% of individuals completed all 4 interviews. Among those who missed interviews,
21% missed 1 interview, 16% missed 2, and 17% missed 3.
To account for the potential effects of censored observations
on our results, we estimated and applied censoring weights to
the models using the so-called inverse-probability-of-censoring weighted approach to account for possible nonrandom
missingness.24 First, the probability of being present at each
follow-up interview, based on baseline covariates (age, sex,
race/ethnicity, marital status, education, income, traumatic
events, stressors, social support, and exposure to the September 11 attacks), was modeled in separate logistic regression
models. The predicted probability of being interviewed at
each follow-up was estimated from the model for each
individual, and its inverse was used as a censoring weight
关␦/P(interview ⫽ 1 兩 baseline covariates)兴, where ␦ ⫽ 1 if
interviewed, 0 otherwise. Thus, individuals who had characteristics that appear to have made them likely to have been
censored (unlikely to have been interviewed) at a given
follow-up interview (based on their baseline characteristics)
were up-weighted for that interview, while conversely individuals who had characteristics of subjects who were unlikely
to have been censored (likely to have been interviewed) were
down-weighted for that interview. This approach estimates
the results one would have had in the absence of censoring,
assuming that censoring is at random (uninformative) within
groups specified by the baseline covariates (ie, there are no
unmeasured or unspecified variables that predict censoring).
The true probability of censoring for each individual at
each visit is unknown, and thus is estimated from a model as
described above. Once an estimated weight has been incorporated into a regression model, confidence intervals (CIs)
must be bootstrapped because no analytical estimate of the
standard errors is available. Both the estimation of the censoring weights and the final model applying those weights
were bootstrapped in this analysis. For consistency across the
final models, all CIs were bootstrapped even when censoring
weights were not used. All analyses were carried out using
SAS (SAS Institute, Cary, NC) and SUDAAN (RTI International, Research Triangle Park, NC).
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TABLE 1. Comparison of Full Baseline Samples, Sample Included and Excluded in the Analysis, and Data From the 2000 US
Census for the New York City Metropolitan Area22

Characteristics

Full Baseline Sample
(n ⴝ 2752)
%

Included Sample
(n ⴝ 2282)
%

Age (yrs)
18–24
13.7
13.0
25–34
24.1
21.4
35–44
20.5
21.0
45–54
18.9
19.8
55–64
12.2
13.2
ⱖ65
10.5
11.6
Sex
Male
46.1
45.2
Female
53.9
54.8
Race
White
53.2
55.5
Asian
5.4
5.3
Black
16.7
16.6
Hispanic
20.6
18.5
Other
4.2
4.1
Baseline posttraumatic stress in the 6 mo since September 11, 2001
No
91.8
91.9
Yes
8.2
8.1
Lifetime
No
85.1
85.0
Yes
14.9
15.0

RESULTS
Overall, 2282 (83%) respondents were interviewed at
baseline and at least one follow-up interview; we have necessarily limited the sample to these participants to conduct a
longitudinal analysis. There were no major differences in the
distribution of demographic characteristics between the sample included in this analysis and the general population of the
New York City metropolitan area based on the 2000 Census
(Table 1). Although those excluded for not participating in
any follow-up interviews differed from those included, accounted for these differences by our application of censoring
weights.
Across the 3 measurement time intervals, the prevalences of posttraumatic stress symptoms were similar: 2.1%
at the first follow-up interview, 13.6% at the second follow-up interview, and 14.3% at the third follow-up interview.
Longitudinal associations between exposures of interest and
posttraumatic stress are presented in Table 2, including the
bivariable associations and multivariable models before and
after the addition of censoring weights. In the multivariable
model with censoring weights, the variables that were associated with posttraumatic stress were female sex (odds ratio
关OR兴 ⫽ 1.60, 95% CI ⫽ 1.11–2.23), Asian ethnicity (compared with white, 0.37 关0.02– 0.86兴), Latino ethnicity (com-
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Excluded Sample
(n ⴝ 470)
%

All Person-Visits
Censoring-Weighted Sample
(n ⴝ 5381)
%

US Census
%

17.0
35.8
18.5
15.3
7.6
5.8

13.6
24.6
20.4
18.9
12.1
10.5

11.7
20.4
21.9
17.7
11.8
16.5

49.9
50.1

46.1
53.9

46.9
53.1

43.1
5.4
17.1
29.8
4.6

53.6
5.5
16.0
21.1
3.8

54.8
7.7
16.5
18.5
2.6

91.6
8.4

92.0
8.0

85.4
14.6

85.2
14.8

pared with white, 1.74 关1.05–2.97兴), low baseline income
(OR ⫽ 0.87 per ten-thousand-dollar increase; CI ⫽ 0.81–
0.92), baseline stressors (1.22 per 1 unit increase in number
of stressors; 1.00 –1.49), incident stressors over follow-up
(1.91 per 1 unit increase in number of stressors; 1.55–2.36),
baseline traumatic events (1.09 per 1 unit increase in number
of traumas; 1.00 –1.18), traumatic events over follow-up
(1.92 per 1 unit increase in number of traumas; 1.71–2.22),
lower social support (compared with high social support,
medium social support OR ⫽ 1.71 关CI ⫽ 1.09 –2.52兴, and low
social support OR ⫽ 1.57 关1.08 –2.35兴), having a perievent
emotional reaction after the September 11th attacks (1.64;
1.07–2.46), previous visit PTSD (4.37; 2.36 – 6.80), and lifetime PTSD (2.09; 1.48 –3.53). There were no significant
interactions detected.
We compared the regression parameters from the full
multivariable model that included censoring weights to the
model that did not include censoring weights. There were few
appreciable differences in the regression parameters between
the models, suggesting relatively minimal bias due to missed
follow-up interviews. The main appreciable difference was
the increase in the association between female sex and posttraumatic stress after accounting for censoring (OR ⫽ 1.39
without censoring weights; OR ⫽ 1.60 with censoring
© 2008 Lippincott Williams & Wilkins
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TABLE 2. Multivariable Generalized Estimating Equation Models Predicting Posttraumatic Stress at
Each Time Point

Parameter
Follow-up period
Follow-up 1
Follow-up 2
Follow-up 3
Age (yrs)
18–24
25–34
35–44
45–54
55–64
ⱖ65
Sex
Male
Female
Race/ethnicity
White
Asian
Black
Latino
Other
Marital status
Married
Divorced
Separated
Widowed
Single
Unmarried couple
Education
Graduate work
College degree
Some college
High school
Less than high school
Income
Baseline income
Ongoing change in income
Stressors
Baseline stressors
Ongoing stressors
Traumatic events
Baseline traumatic events
Ongoing traumatic events
Social support
High social support
Med social support
Low social support
September 11 experiences
Directly affected
Emotional reaction
Previous posttraumatic stress
Since previous interview
Lifetime

© 2008 Lippincott Williams & Wilkins

Bivariable Associations
OR (95% CI)

Multivariable Model
OR (95% CI)

Multivariable Model With
Censoring Weights Applied and
Bootstrapped Confidence
Intervals
OR (95% CI)

—
1.17 (0.99–1.39)
1.22 (1.02–1.46)

—
0.90 (0.63–1.28)
0.84 (0.57–1.19)

—
0.89 (0.66–1.28)
0.88 (0.61–1.28)

—
0.67 (0.37–1.19)
0.69 (0.39–1.21)
0.74 (0.42–1.30)
0.71 (0.38–1.29)
0.48 (0.26–0.92)

—
0.73 (0.40–1.49)
0.95 (0.54–1.92)
1.56 (0.87–3.12)
1.47 (0.82–2.85)
0.90 (0.38–2.01)

—
0.78 (0.41–1.52)
0.90 (0.48–1.84)
1.53 (0.81–3.13)
1.36 (0.71–2.86)
0.87 (0.36–2.07)

—
1.70 (1.27–2.29)

—
1.39 (0.98–1.98)

—
1.60 (1.11–2.23)

—
0.33 (0.10–1.14)
2.35 (1.66–3.33)
2.86 (1.93–4.22)
1.95 (1.07–3.55)

—
0.40 (0.02–0.94)
1.31 (0.88–1.98)
1.77 (1.05–2.89)
0.70 (0.35–1.39)

—
0.37 (0.02–0.86)
1.28 (0.83–1.88)
1.74 (1.05–2.97
0.69 (0.34–1.36

—
2.24 (1.47–3.42)
3.40 (1.61–7.17)
2.34 (1.42–3.86)
1.82 (1.28–2.59)
3.51 (1.51–8.17

—
0.60 (0.33–1.10)
1.04 (0.33–2.52)
1.64 (0.93–3.08)
1.21 (0.83–1.83)
1.30 (0.40–3.18)

—
0.59 (0.32–1.09
1.36 (0.42–3.24)
1.60 (0.92–3.00)
1.12 (0.75–1.71)
1.28 (0.38–3.43)

—
1.99 (1.15–3.45)
2.25 (1.31–3.86)
2.53 (1.47–4.36)
4.68 (2.56–8.57)

—
1.58 (0.93–3.06)
1.06 (0.59–2.02)
1.09 (0.62–2.12)
1.72 (0.85–3.78

—
1.55 (0.91–3.07)
1.03 (0.58–2.15)
1.07 (0.58–2.07)
1.91 (0.92–4.47)

0.81 (0.78–0.85)
0.91 (0.86–0.97)

0.86 (0.81–0.91)
0.94 (0.86–1.01)

0.87 (0.81–0.92)
0.94 (0.86–1.02)

1.68 (1.42–1.99)
1.84 (1.60–2.12)

1.21 (0.98–1.51)
1.92 (1.56–2.35)

1.22 (1.00–1.49)
1.91 (1.55–2.36)

1.19 (1.12–1.26)
1.66 (1.51–1.82

1.08 (1.00–1.17)
1.87 (1.66–2.17)

1.09 (1.00–1.18)
1.92 (1.71–2.22)

—
2.09 (1.41–3.11)
2.53 (1.75–3.65)

—
1.61 (1.08–2.37)
1.46 (0.97–2.11)

—
1.71 (1.09–2.52)
1.57 (1.08–2.35)

1.40 (1.02–1.92)
4.69 (3.37–6.54)

1.14 (0.80–1.63)
1.96 (1.28–3.05)

1.07 (0.75–1.59)
1.64 (1.07–2.46)

14.06 (10.55–18.73)
8.21 (6.05–11.14)

3.74 (2.00–5.50)
2.42 (1.67–4.04)

4.37 (2.36–6.80)
2.09 (1.48–3.53)
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weights). Other differences in magnitude include the effect of
a post-September 11th emotional reaction, which was smaller
after accounting for censoring (OR ⫽ 1.96 without censoring
weights; OR ⫽ 1.64 with censoring weights); the effect of
previous-visit posttraumatic stress, which was larger after
accounting for censoring (OR ⫽ 3.74 without censoring
weights; OR ⫽ 4.37 with censoring weights); and the effect
of lifetime posttraumatic stress, which was smaller after
accounting for censoring (OR ⫽ 2.42 without censoring
weights; OR ⫽ 2.09 with censoring weights).

DISCUSSION
This study is one of only a few to examine the longitudinal course of posttraumatic stress symptoms over multiple time points in a large population-based cohort. This
longitudinal approach allowed our assessment of the influence of ongoing traumas and stressors on the risk of such
symptoms over the course of follow-up, in addition to the
influence of baseline exposures and sociodemographic covariates. We were able to adjust for symptoms in the previous
interval (at every time point) and during the lifecourse,
isolating the effect of exposures independent of prior psychopathology. Stressors and traumatic events were both associated with risk of posttraumatic stress over time in multivariable models, adjusting for other known risk factors. While the
relation between ongoing experience of traumatic events and
risk of posttraumatic stress symptoms is not surprising,25,26
we also found that life stressors that would not typically be
classified as “traumatic events” are strongly associated with
such symptoms, independent of ongoing traumas.27 The
prominent role of ongoing stressful life events (including
financial and interpersonal stressors) on the risk of posttraumatic stress over time suggests that stressful circumstances
such as those that may be brought about by terrorist acts,
which are specifically designed to incite fear and economic
instability, may have an influence on long-term greater population risk of posttraumatic stress, distinct from the immediate impact of the traumatic event itself.28,29
We also showed that low income was a determinant of
posttraumatic stress risk over time. This may further reinforce
the central import of underlying economic vulnerability as a
determinant of risk. Although in our final models there was
no substantial association for income loss during the follow-up period, this finding was in models that already took
into account self-reported financial stressors. It is likely that
income changes were also reported as financial stressors by
respondents, explaining the absence of an association between changes in income and posttraumatic stress risk.
This study confirmed the associations of sex and ethnicity with PTSD found in previous research. Several crosssectional studies and longitudinal studies with shorter follow-up periods have shown that women have a greater risk of
PTSD than men1,2,30 and that Latinos are at greater risk of
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PTSD than other racial/ethnic groups.31–33 We confirmed
these elevated risks for current posttraumatic stress, independent of lifetime history of posttraumatic stress, symptoms
since the last interview, ongoing traumatic event experiences,
and stressful life circumstances. This is a robust demonstration of the important role of female sex and Latino ethnicity
in relation to posttraumatic stress over time, and our results
suggest that some of the previously hypothesized explanations may not fully explain this observation. For example, it
has been hypothesized that socioeconomic disadvantage and
ongoing adversity both may explain these elevated risks.13,34
However, here we show a persistent greater risk among women
and Latinos when accounting for several measures of adversity
that themselves were important predictors of risk. It is possible
that our assessment of adverse circumstances does not fully
capture the adversity faced by these groups. It is also possible,
however, that there are other explanations, including greater
vulnerability to stress among women35 or differences in experience of psychologic symptoms among ethnic/racial groups,36
that may account for the greater risk of posttraumatic stress in
these groups. Future work should consider more precise specification of the ethnic groupings considered here to understand
the pathways linking ethnic origins and risk of these symptoms.
This work highlights the role of social support as a
determinant of posttraumatic stress. Several studies have shown
that persons with low social support are at greater risk after any
number of adverse traumatic experiences.37,38 The importance
of social support in shaping posttraumatic stress even when
taking into account ongoing adversity suggests a potentially
powerful role of informal social resources, potentially including
both material and emotional supports, in mitigating the psychologic consequences of traumatic event experiences.
The importance of informal social supports, ongoing
traumas, and life stressors as predictors of posttraumatic
stress in our analysis may encourage practical assistance to
mitigate the psychologic consequences of traumatic event
experiences. Such assistance may be important both in the
aftermath of individually-experienced traumatic events, such
as assaults, and after collectively-experienced traumatic
events, such as disasters. In the former context, several
authors have advocated more practical assistance and supportive care39; in the latter context, the role of psychologic
first aid (essentially supportive care and assistance with
stressful postdisaster circumstances) is emerging as a key
response to collective traumas.40,41 There has been much
debate in the peer-reviewed and popular literature about the
potential role of rapid psychologic interventions after the
experience of traumatic events.42 While our results do not
directly contribute to that debate, this work together with
other work in the field provides support for the notion that
practical assistance may reduce the risk of posttraumatic
stress.
© 2008 Lippincott Williams & Wilkins
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Because this cohort was assembled in the aftermath of a
particular terrorist attack, we considered in this analysis the
potential impact of exposure to that terrorist event. Although we
have previously shown that exposure to the terrorist attacks of
September 11th was a critical determinant of the onset of
posttraumatic stress in the short-term,21,43 we found that exposure to these attacks was not an important predictor of risk in the
longer-term. Therefore, in the aftermath of a mass traumatic
event, the recovery environment and stressors subsequent to the
primary disaster are mainly what shape patterns of posttraumatic
stress in the long-term.44 This suggests a changing profile of
persons who are at risk for posttraumatic stress in the short- and
long-term after a mass traumatic event.28 This poses considerable challenges for service provision and for targeted screening
programs. However, it also suggests that interventions aimed at
minimizing ongoing stressors in the postdisaster recovery phase,
such as restoration of housing and of employment opportunities,
have the potential to minimize the long-term psychologic consequences of such events.
In contrast to the fading role of the disaster event experiences themselves as determinants of posttraumatic stress over
time, experiencing an emotional reaction at the time of the
September 11th terrorist attacks remained a strong predictor of
posttraumatic stress over time, comparable to its role as a
determinant of posttraumatic stress soon after the disaster, as
documented in our previous work.21,43 The importance of
perievent emotional reactions, both in the short-term and in the
long-term, suggests an important avenue for screening persons
who may be at high risk of psychopathology after a disaster, and
may suggest avenues for intervention.45,46 We did not have
assessments of perievent emotional reactions surrounding other
traumatic event experiences. Further research might fruitfully
consider the prognostic role of perievent emotional reactions as
a determinant of subsequent posttraumatic stress.
There are several considerations important for interpretation of this study. First, we used telephone interviews to
assess symptoms of posttraumatic stress. Although it has
been shown that telephone and in-person assessment of DSM
Axis I disorders, including anxiety disorders and affective
disorders, result in comparable estimates of symptomatology,47 posttraumatic stress assessed in this manner cannot be
equated to a diagnosis of PTSD. Thus, comparisons between
the results of this study and other work that uses clinical
assessments of psychopathology should be made cautiously.
Longitudinal work involving clinician-administered interviews is necessary to confirm or refute our observations.
Second, prospective studies with more frequent assessments
than those employed here would be necessary to ascertain
persistence of symptoms within more precise timeframes.
Third, it is possible that the persons recruited in the
original sample represent a group of persons who are systematically different from the general population. Participation
rates in epidemiologic studies are always a concern with
© 2008 Lippincott Williams & Wilkins
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respect to bias that may result from differential self-selection.
In the context of assessments of large and disparate geographic areas such as in this study, where the organization of
representative in-person surveys would be logistically challenging and prohibitively expensive, the best available evidence suggests that random-digit-dial surveys provide an
efficient method of sampling and allowing analysis of the
general population.48 The comparability of our sample to
expected population demographics, and the fact that the
response rates obtained in this study are comparable to those
in similar health research, are reassuring in this regard.13
Fourth, as with most longitudinal studies, we had lossto-follow up that potentially biases our findings. We used an
analytic approach to take into account the potential influence
of missingness, and we show that missingness had very little
influence on the key associations of interest in this work (see
Figure, available with the online version of this article).
Fifth, we present results here that pertain to period
prevalence of posttraumatic stress symptoms. We cannot
establish temporal associations between specific determinants
that may change during a time interval (eg, income) and
symptoms occurring during the interval. Therefore, we cannot fully rule out the possibility that those with symptoms
may have a greater tendency to report adverse events, or even
that symptoms contribute to the occurrence of stressful
events. Sixth, this work assesses posttraumatic stress in the
general population after a mass trauma. It is possible that the
observations documented here are particular to the postmass
trauma situation where the prevalence of stress may be higher
than in different circumstances.
Seventh, although we collected data on a comprehensive set of potential determinants of posttraumatic stress
symptoms in the aftermath of a disaster, we nonetheless did
not collect data on some factors that may be important. For
example, we did not obtain information on peritraumatic
dissociation, a perievent emotional reaction that has been
shown to be predictive of posttraumatic stress after traumatic
event experiences.37 This omission should be considered in
drawing inference about the covariates found to be determinants of symptoms in this analysis.
Ultimately the determinants of posttraumatic stress include both the determinants of the traumatic event experiences, and the determinants of psychologic symptoms conditional on the presence of traumatic events. The likelihood of
both may differ in the postdisaster circumstance compared
with other circumstances, and this needs to be considered in
broader generalizability of these findings.
In conclusion, we showed that in a longitudinal population-based cohort study, ongoing stressors and traumatic
event experiences were both important predictors of posttraumatic stress and that female sex and Latino ethnicity were
associated with posttraumatic stress independent of these
variables. We suggest that interventions aimed at mitigating
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the consequences of traumatic events may fruitfully focus on
assistance that can help victims of trauma cope with adversity
and ongoing life stressors.
REFERENCES
1. Kessler RC, Sonnega A, Bromet E, et al. Posttraumatic stress disorder in
the national comorbidity survey. Arch Gen Psychiatry. 1995;52:1048 –
1060.
2. Breslau N, Kessler R, Chilcoat H, et al. Trauma and posttraumatic stress
disorder in the community: the 1996 Detroit area survey of trauma. Arch
Gen Psychiatry. 1998;55:626 – 632.
3. Kessler RC. Posttraumatic stress disorder: the burden to the individual
and to society. J Clin Psychiatry. 2000;61:4 –12.
4. Brunello N, Davidson JR, Deahl M, et al. Posttraumatic stress disorder:
diagnosis and epidemiology, comorbidity and social consequences, biology and treatment. Neuropsychobiology. 2001;43:150 –162.
5. Brewin CR, Andrews B, Valentine JD. Meta-analysis of risk factors for
posttraumatic stress disorder in trauma-exposed adults. J Consult Clin
Pscychol. 2000;68:746 –766.
6. Cox BJ, MacPherson PS, Enns MW, et al. Neuroticism and self-criticism
associated with posttraumatic stress disorder in a nationally representative sample. Behav Res Ther. 2004;42:105–114.
7. Ozer EJ, Best SR, Lipsey TL, et al. Predictors of posttraumatic stress
disorder and symptoms in adults: a meta-analysis. Psychol Bull. 2003;
129:52–73.
8. Peleg T, Shalev AY. Longitudinal studies of PTSD: overview of findings
and methods. CNS Spectr. 2006;1:589 – 602.
9. Delahanty DL, Nugent NR. Predicting PTSD prospectively based on
prior trauma history and immediate biological responses. Ann N Y Acad
Sci. 2006;1071:27– 40.
10. Zatzick DF, Kang SM, Muller HG, et al. Predicting posttraumatic
distress in hospitalized trauma survivors with acute injuries. Am J Psychiatry. 2002;159:941–946.
11. Daviss WB, Mooney D, Racusin R, et al. Predicting posttraumatic stress
after hospitalization for pediatric injury. J Am Acad Child Adolesc
Psychiatry. 2000;39:576 –583.
12. Nandi A, Galea S, Tracy M, et al. Job loss, unemployment, work stress,
job satisfaction and the persistence of PTSD one year after the September 11 attacks. 2004;46:1057–1064.
13. Galea S, Vlahov D, Tracy M, et al. Hispanic ethnicity and post-traumatic
stress disorder after a disaster: evidence from a general population
survey after September 11, 2001. Ann Epidemiol. 2004;14:520 –531.
14. Sherbourne CD, Stewart AL. The MOS social support survey. Soc Sci
Med. 1991;32:705–714.
15. Robins LN, Cottler LB, Bucholz KK, et al. Diagnostic Interview Schedule for DSM-IV. St Louis: Washington University School of Medicine,
Department of Psychiatry; 1999. Updated January 9, 2002.
16. Boardman JD, Finch BK, Ellison CG, et al. Neighborhood disadvantage,
stress, and drug use among adults. 2001;42:151–165.
17. Kilpatrick DG, Resnick HS, Freedy JR, et al. The posttraumatic stress
disorder field trial: evaluation of the PTSD construct criteria A through
E. In: Widiger TA, Frances AJ, Pincus HA, et al, eds. DSM-IV Sourcebook. Vol. 4. Washington, D.C.: American Psychiatric Association
Press; 1998:803– 844.
18. Resnick H, Kilpatrick D, Dansky B, et al. Prevalence of civilian trauma
and posttraumatic stress disorder in a representative national sample of
women. J Consult Clin Psychol. 1993;61:984 –991.
19. Kilpatrick D, Acierno R, Resnick H, et al. A 2-year longitudinal analysis
of the relationships between violent assault and substance use in women.
J Consult Clin Psychol. 1997;65:834 – 847.
20. Hanson RF, Kilpatrick DG, Freedy JR, et al. Los Angeles County after
the 1992 civil disturbances: degree of exposure and impact on mental
health. J Consult Clin Psychol. 1995;63:987–996.
21. Galea S, Vlahov D, Resnick H, et al. Trends of probable post-traumatic
stress disorder in New York City after the September 11 terrorist attacks.
Am J Epidemiol. 2003;158:514 –524.
22. Bureau of the Census Census Summary Tape, File 3A (STF 3A).
Washington, DC: US Department of Commerce; 2000.
23. Zeger SL, Liang KY. Longitudinal data analysis for discrete and continuous outcomes. Biometrics. 1986;42:121–130.

54

24. van der Lann MJ, Robins JM. Unified Methods for Censored Longitudinal Data and Causality. New York: Springer; 2003.
25. Bromet E, Sonnega A, Kessler RC. Ricks factors for DSM-III-R posttraumatic stress disorder: findings from the national comorbidity survey.
Am J Epidemiol. 1998;147:353–361.
26. Nishith P, Mechanic MB, Resick PA. Prior interpersonal trauma:
the contribution to current PTSD symptoms in female rape victims.
J Abnorm Psychol. 2000;109:20 –25.
27. Yehuda R, Flory JD, Southwick S, et al. Developing an agenda for
translational studies of resilience and vulnerability following trauma
exposure. Ann N Y Acad Sci. 2006;1071:379 –396.
28. Bleich A, Gelkopf M, Melamed Y, et al. Mental health and resiliency
following 44 months of terrorism: a survey of an Israeli national
representative sample. BMC Med. 2006;4:21.
29. Parslow RA, Jorm AF, Christensen H. Associations of pre-trauma
attributes and trauma exposure with screening positive for PTSD:
analysis of a community-based study of 2,085 young adults. Psychol
Med. 2006;36:387–395.
30. Breslau N, Davis G, Andreski P, et al. Traumatic events and posttraumatic stress disorder in an urban population of young adults. Arch Gen
Psychiatry. 1991;48:216 –222.
31. Pole N, Best SR, Weiss DS, et al. Effects of gender and ethnicity on
duty-related posttraumatic stress symptoms among urban police officers.
J Nerv Ment Dis. 2001;189:442– 448.
32. Penk WE, Robinowitz R, Black J, et al. Ethnicity: post-traumatic stress
disorder (PTSD) differences among black, white, and hispanic veterans
who differ in degrees of exposure to combat in Vietnam. J Clin Psychol.
1989;45:729 –735.
33. Ortega AN, Rosenheck R. Posttraumatic stress disorder among hispanic
Vietnam veterans. Am J Psychiatry. 2000;157:615– 619.
34. Pulcino T, Galea S, Ahern J, et al. Posttraumatic stress in women after
the September 11 terrorist attacks in New York City. J Womens Health
(Larchmt). 2003;12:809 – 820.
35. Frans O, Rimmo PA, Aberg L, et al. Trauma exposure and posttraumatic stress disorder in the general population. Acta Psychiatr
Scand. 2005;111:291–299.
36. Ruef AM, Litz BT, Schlenger WE. Hispanic ethnicity and risk for
combat-related posttraumatic stress disorder. Cultur Divers Ethnic Minor Psychol. 2000;6:235–251.
37. Marmar CR, McCaslin SE, Metzler TJ, et al. Predictors of posttraumatic
stress in police and other first responders. Ann N Y Acad Sci. 2006;1071:
1–18.
38. Guay S, Billette V, Marchand A. Exploring the links between posttraumatic stress disorder and social support: processes and potential research
avenues. J Trauma Stress. 2006;19:327–338.
39. Marshall RD, Suh EJ. Contextualizing trauma: using evidence-based
treatments in a multicultural community after 9/11. Psychiatr Q. 2003;
74:401– 420.
40. Yule W. Theory, training and timing: psychosocial interventions in
complex emergencies. Int Rev Psychiatry. 2006;18:259 –264.
41. Parker CL, Barnett DJ, Everly GS Jr, et al. Expanding disaster mental
health response: a conceptual training framework for public health
professionals. Int J Emerg Ment Health. 2006;8:101–109.
42. Bisson J. Post-traumatic stress disorder. Clin Evid. 2005;13:1318 –1337.
43. Galea S, Ahern J, Resnick H, et al. Psychological sequelae of the
September 11 terrorist attacks in New York city. N Engl J Med.
2002;346:982.
44. Adams RE, Boscarino JA. Predictors of PTSD and delayed PTSD after
disaster: the impact of exposure and psychosocial resources. J Nerv Ment
Dis. 2006;194:485– 493.
45. Marshall RD, Garakani A. Psychobiology of the acute stress response
and its relationship to the psychobiology of post-traumatic stress disorder. Psychiatr Clin North Am. 2002;25:385–395.
46. Resnick H, Acierno R, Holmes M, et al. Prevention of post-rape
psychopathology: preliminary findings of a controlled acute rape treatment study. J Anxiety Disord. 1999;13:359 –370.
47. Paulsen AS, Crowe RR, Noyes R, et al. Reliability of the telephone
interview in diagnosing anxiety disorders. Arch Gen Psychiatry. 1988;
45:62– 63.
48. Galea S, Tracy M. Participation rates in epidemiologic studies. Ann
Epidemiol. 2007;17:643– 653.

© 2008 Lippincott Williams & Wilkins

