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Abstract

Objective  We sought to identify common risk factors
associated with posttraumatic stress disorder (PTSD) onset
and course, including delayed, persistent, and remitted
PTSD following a major traumatic exposure.

Method Based on a prospective study of New York City
adults following the World Trade Center disaster (WTCD),
we conducted baseline interviews with 2,368 persons one
year after this event and then at follow-up 1 year later to
evaluate changes in current PTSD status based on DSM-IV
criteria.

Results Baseline analysis suggested that current PTSD,
defined as present if this occurred in the past 12 months,
was associated with females, younger adults, those with
lower self-esteem, lower social support, higher WTCD
exposure, more lifetime traumatic events, and those with a
history of pre-WTCD depression. At follow-up, current
PTSD was associated with Latinos, non-native born per-
sons, those with lower self-esteem, more negative life
events, more lifetime traumatic events, and those with
mixed handedness. Classifying respondents at follow-up
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into resilient (no PTSD time 1 or 2), remitted (PTSD time
1, not 2), delayed (no PTSD time 1, but PTSD time 2), and
persistent (PTSD both time 1 and 2) PTSD, revealed the
following: compared to resilient cases, remitted ones were
more likely to be female, have more negative life events,
have greater lifetime traumatic events, and have pre-
WTCD depression. Delayed cases were more likely to be
Latino, be non-native born, have lower self-esteem, have
more negative life events, have greater lifetime traumas,
and have mixed handedness. Persistent cases had a similar
profile as delayed, but were the only cases associated with
greater WTCD exposures. They were also likely to have
had a pre-WTCD depression diagnosis. Examination of
WTCD-related PTSD at follow-up, more specifically,
revealed a similar risk profile, except that handedness was
no longer significant and WTCD exposure was now
significant for both remitted and persistent cases.

Conclusion PTSD onset and course is complex and
appears to be related to trauma exposure, individual pre-
dispositions, and external factors not directly related to the
original traumatic event. This diagnostic classification may
benefit from additional conceptualization and research as
this relates to changes in PTSD status over time.

Keywords Posttraumatic stress disorder - Delayed-onset -
Predisposition - Resiliency - Stressful events

Introduction

The 1980 inclusion of posttraumatic stress disorder (PTSD)
in the Diagnostic and Statistical Manual of Mental Dis-
orders, Third Edition (DSM-III) [1], has resulted in
numerous investigations [2—11]. Currently studies suggest
that about 90% of adults have experienced at least one
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lifetime traumatic event. Yet, only a minority of those
exposed develop PTSD [12, 13]. Thus, factors beyond
trauma exposure are required for PTSD onset [7, 14-17].
Research, for example, has consistently suggested that
demographic characteristics such as age, gender, and race
were associated with different rates of PTSD; with younger
persons, women, and Latinos more likely to develop this
disorder [4, 18-20]. Interpersonal and psychological char-
acteristics, such as social support and self-esteem, have
also been implicated in the onset and course of PTSD [4,
12, 15, 21]. Genetic and neurological factors have also
been implicated [2, 17].

Delayed-onset PTSD was also introduced in DSM-III
[1], and a number of studies have suggested that significant
numbers of persons have experienced this type of onset [8,
22-24]. Recently it was reported that among a sample of
1,040 Somalia Peacekeepers, almost 7% were classified as
delayed-PTSD cases, because they did not meet PTSD
criteria 3 months after returning to the US, but did
12 months afterwards [21]. Another study recently reported
a 3% prevalence of delayed PTSD 2 years after the World
Trade Center disaster (WTCD) and 12 months after a
baseline assessment [22]. Evidence has suggested that
delayed PTSD is more prevalent among military veterans
than among civilians exposed to non-combat stressors [24].
Few researchers, however, have prospectively assessed
PTSD onset and course in a community sample or have
fully explored specific clinical manifestations, including
assessment of remitted, delayed, and persistent PTSD.
Recent research focusing on these issues has suggested that
post-trauma events, such as psychosocial resource losses
are predictive of PTSD onset [22, 24]. It has also been
noted that exposure to psychological trauma may intensify
other negative social events, which can increase stress
disorders or maintain existing ones [25]. There are also
known preexisting, presumably biological factors, associ-
ated with PTSD, such as lower intelligence, non-right
handedness/mixed handedness, attention deficit disorders
(ADD), and having other pre-exposure neurological
symptoms [2, 17, 26].

Previous community-based trauma studies, in general,
have been limited in studying the onset and course of
PTSD. First, many have been small and not representative
of affected communities [18, 27]. Second, many studies
often have not utilized standardized mental health mea-
sures [18]. Third, previous studies have tended to follow
survivors of community disasters for only short periods of
time (e.g., <12 months) or have been cross-sectional in
design [16, 27]. Fourth, studies have investigated PTSD
onset in both samples of veterans and civilians, but there
has been little conceptual consistency [28-30]. Currently,
DSM-IV describes delayed onset as a specifier for PTSD,
whereby if symptoms meet criteria 6 months following the

@ Springer

traumatic exposure, but not before this time period, delayed
PTSD is defined as present [31]. It has not gone unnoticed
that the recognition of delayed PTSD has led to its
acceptance as a compensated medical disorder by the U.S.
Department of Veterans Affairs, which has led to increased
benefit claims [28, 32]. However, the status of this diag-
nosis in VA disability compensation does not necessarily
address the issue of the scientific and clinical merit of this
diagnosis [28].

It has been noted that a limitation with the PTSD
diagnosis relates to the criteria for delayed PTSD in the
DSM [22, 28]. In particular, there has been no specification
as to whether the onset of symptoms refers to any symp-
toms that might eventually lead to PTSD or only to the
onset of “full-criteria” PTSD. In the latter interpretation,
an individual with minimal initial symptoms that gradually
worsened over time until the full PTSD criteria were met
would not be classified as delayed PTSD. Given that it is
common for trauma-exposed individuals to develop some
initial symptoms [33], this definition of delayed-onset
would mean that delayed PTSD would be extremely rare
[28]. Alternatively, defining delayed PTSD as relating to a
gradual symptom onset means that the occurrence of one
additional symptom in a symptomatic individual could be
sufficient for a “delayed” diagnosis, which is the current
diagnostic standard [28]. To date, few studies investigating
delayed PTSD explicitly interpret the DSM definition as
ruling out any prior symptoms [29, 30].

Another issue concerns the time between trauma expo-
sure and PTSD symptom onset. A number of investigators
have not adhered to a delay of at least 6 months, but have
used shorter time periods [28]. Other studies have specified
onset delays of 12 months or more [22]. Retrospective
studies of PTSD onset typically assess lifetime episodes
with standardized clinical interviews to measure PTSD
based on long-term recall, but are likely misleading [28].
Other researchers, however, have conducted prospective
studies using interviews at predetermined assessment
points [22]. This research design allows for assessment of
both PTSD onset and course. In the current study, we used
a prospective cohort design that collected data at one year
and two years after the WTCD. We extended previous
work by not only examining predictors of PTSD, but also
the onset of delayed and remitted PTSD 2 years after this
disaster, using a multinomial logit model among a large,
community-based, population sample. Our research
objective was to identify predictive factors that could
explain both PTSD onset and remission and that occurred
before, during, or after the index traumatic event, pre-
sumably responsible for the course of PTSD symptoms.
This knowledge should aid in understanding PTSD onset
among those exposed to traumatic events and in under-
standing its etiology, generally.
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Data and methods

The data for the present research come from a prospective
cohort study of English or Spanish speaking adults living in
NYC on the day of the WTCD. For baseline, we conducted
a diagnostic interview by telephone one year after the
attacks. Subjects for this interview were recruited using
random-digit dialing. This population sample was stratified
by the 5 NYC boroughs and gender was sampled propor-
tionately. Interviews were conducted in both English and
Spanish. Baseline interviews occurred between October
and December, 2002. For follow-up, we attempted to
re-interview all baseline participants one year later (i.e.,
2 years after the WTCD). All follow-up interviews occur-
red between October 2003, and February 2004. Trained
interviewers using a computer-assisted telephone inter-
viewing system conducted the surveys and were supervised
by the survey contractor and the investigative staff. The
Institutional Review Board (IRB) of the New York Acad-
emy of Medicine reviewed and approved the study’s
original protocols. Geisinger Clinic’s IRB approved the
current study analyses.

In total, 2,368 individuals completed the baseline
interview and 1,681 completed the follow-up. Using stan-
dard survey response rate calculations [34], the baseline
cooperation rate was approximately 63% and the re-inter-
view rate for follow-up was 71% [35]. A sampling weight
was developed for each wave to correct for potential
selection bias related to the number of telephone numbers
and persons per household and for the over-sampling of
treatment-seeking respondents, which was part of the ori-
ginal study design. In addition, demographic weights also
were used to adjust for slight differences in response rates
by different demographic groups [36]. With these adjust-
ments, our final study sample is representative of NYC
adults who were living in NYC on the day of the WTCD
[35]. Descriptions of this research have been presented
elsewhere [14, 22, 35].

PTSD assessment

Our PTSD scale was based on the Diagnostic and statis-
tical manual of mental disorders, Fourth Edition (DSM-
IV) [31]. This PTSD measure was developed for telephone
administration and used in previous trauma studies [16, 37—
39]. To meet PTSD criteria, a respondent had to be exposed
to a traumatic event (Criteria Al) and had to have expe-
rienced intense feelings of fear, helplessness, or horror
(Criteria A2), as well as had to have met Criteria B
(re-experiencing), C (avoidance), and Criteria D (increased
arousal). In addition, the symptoms for Criteria B, C, and D
had to last 1 month or longer (Criteria E) and had to have a

negative impact on functional status or had to have caused
significant distress (Criteria F). The focus of this study is
on the occurrence of current PTSD, defined as onset within
the past 12 months. Overall, our PTSD classification
involved assessing three sets of events: the WTCD event,
the most significant event other than the WTCD, and any
other traumatic event. Our baseline and follow-up PTSD
assessments covered the year prior to the date of interview.
Results supporting the validity of our PTSD instrument
have been reported elsewhere [16, 22, 39, 40].

For our examination of PTSD onset and remission at
follow-up, we adapted the categories developed by Gray
et al. [21], which included resilient, remitted, delayed, and
persistent PTSD. Given that our respondents were living in
NYC at the time of the attacks and could be considered at risk
for PTSD, resilient cases were those who did not meet PTSD
criteria at either baseline or follow-up. Remitted PTSD cases
met criteria at baseline, but not at follow-up. Those indi-
viduals categorized as delayed PTSD cases, did not meet
criteria at baseline, but met criteria at follow-up. Persistent
PTSD cases met criteria at both baseline and at follow-up
assessments. Finally, for our PTSD onset and remission
classifications we grouped these data in two different ways:
First, we classified this outcome for any source of PTSD (i.e.,
WTCD-related, worst event other than WTCD, and any other
event) and, second, we classified this in terms of WTCD-
related PTSD. The results are presented for both types of
PTSD classifications. As reported elsewhere, however, in
our study it is important to note that given the impact of the
WTCD event in NYC, current PTSD and WTCD-related
PTSD tended to overlap [39, 40].

Predictor variables

In our analyses, we focused on factors that would aid in
assessing changes in PTSD status over time. All of the
demographic variables were based on baseline data, unless
the data were missing, in which case, the follow-up data
were substituted. In addition, unless otherwise noted, all
variables were measured the same way for baseline and
follow-up. Finally, all of the stress, risk, and resource
variables come from baseline for baseline PTSD and fol-
low-up for follow-up PTSD, except where noted.

Demographic characteristics

Based on previous research [22], our analyses included
four demographic variables: age, female gender, married
status, and race/ethnicity. Age was coded into four cate-
gories, 18-29, 3044, 45-64, and 65+ for cross-tabulations
and coded in decades for multivariate analyses (baseline
mean = 43.3; SD = 20.4). Female gender and married
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status (coded for married) were represented as binary
variables. Consistent with most research [13], race/ethnic-
ity was self-identified. For multivariate analyses, we used
Latino only as a binary variable, since previous studies
suggested this was the most significant predictor of psy-
chological distress [14].

Stress exposure variables

Our statistical models included three stressors that could
have placed an individual at risk for mental health symp-
toms and PTSD. The first stressor variable, WTCD event
exposure, was based on the baseline survey. This scale
consisted of 14 possible events that the respondent could
have experienced during the attacks [39]. We summed
these events and coded them for cross-tabulations into low
exposure (0-1 event), moderate exposure (2-3 events),
high exposure (4-5 events), and very high exposure (6+
events). For multivariate analyses we coded this measure as
a continuous variable (baseline mean = 2.0; SD = 1.6).
Second, a negative life event scale was the sum of eight
experiences that the respondent could have had in the
12 months before the WTCD for baseline (e.g., divorce,
death of spouse) and since the WTCD for follow-up [25].
For multivariate analyses we used this as a continuous
variable (baseline mean = 0.7; SD = 1.1). The third
stressor measure focused on 10 traumatic events (e.g.,
forced sexual contact, being attacked with a weapon) that
could have occurred anytime prior to the baseline survey or
in the year preceding the follow-up survey [25]. For each
wave, the traumatic events were used as continuous vari-
ables in multivariate analyses (baseline mean = 1.7
SD = 2.3).

Psychosocial resource variables

Our study included two variables related to psychosocial
resources: social support and self-esteem. Social support
was the sum of four questions about emotional, informa-
tional, and instrumental support currently available to the
respondent (e.g., someone available to help if confined to
bed), each categorized as a 4-point Likert scale [41]. This
scale was used as a continuous variable for multivariate
analysis (baseline mean = 6.9; SD = 4.6). Self-esteem
was measured by the Rosenberg self-esteem scale [42].
This measure was the sum of five items in the original scale
(e.g., on the whole, I am satisfied with myself), each cat-
egorized as a 4-point Likert scale and used as a continuous
variable for multivariate analysis (baseline mean = 17.9;
SD = 3.2). Although this scale was shortened from its
original version, the reliability and validity of this modified
instrument appeared excellent [14, 22, 35, 39], as were the
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other stressor/risk and resource measures used, which were
discussed elsewhere in detail [16, 22, 39, 40].

History of lifetime depression

In order to account for psychological vulnerabilities that
could have existed prior to the WTCD, we assessed
respondents for lifetime depression at baseline. Using a
version of the Structured clinical interview for DSM-III-R’s
(SCID’s) major depressive disorder scale [43], and con-
sistent with the DSM-IV, respondents met criteria for
lifetime depression if they ever had five or more depression
symptoms for at least two-weeks. For this measure we used
lifetime depression that occurred before the WTCD event
based on age of onset. This measure has been used in other
telephone-based population surveys of trauma survivors
[16, 44]. Data related to the validity of this scale were
previously reported and suggested that this scale can suc-
cessfully diagnose depression in the general population
[39, 40].

Perievent panic attack

Our study assessed whether the respondents met criteria for
experiencing a perievent panic (PEP) attack during the
WTCD event. This measure was based on the Diagnostic
Interview Schedule (DIS) [45]. For our PEP measure,
questions were phrased to assess panic symptoms that
occurred during or shortly after the WTCD [16]. The
presence of four or more symptoms classified the person as
having a PEP attack, if these symptoms reached their peak
within 10 min of onset [45]. This variable was coded as a
binary measure. This PEP measure has been used and
validated in previous WTCD studies [14, 16, 39, 46, 47].
Using this measure, it was previously reported that
approximately 11% of New York City (NYC) adults
experienced a PEP attack during the WTCD event [39].

Neurological risk factors

Based on previous research [17], we also included two
other predictors in our multivariable models, including
mixed handedness and history of attention deficient disor-
der (ADD). For handedness, we asked respondents to
report whether they considered themselves generally right
handed, left handed, or both right and left handed (i.e.,
mixed handedness) [17]. Approximately 6% of respondents
reported that they were mixed handed. For ADD classifi-
cation, we asked respondents to report if a doctor ever told
them they had a list of common medical conditions,
including ADD. If they reported yes for this condition, they
were classified as having ADD. This method of collecting
data for medical conditions is routinely used in national
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health surveys and has been reported to be generally
accurate [48]. Approximately 2% of respondents reported
having a history of ADD.

Descriptive variables

We also used three other descriptive variables in our study
related to current depression and psychiatric symptoms.
The psychiatric symptom measures were based on the Brief
Symptom Inventory-18 (BSI-18), a psychiatric scale
derived from the Hopkins Symptom Checklist (HSCL)
[49]. The BSI-18 has been standardized based on a com-
munity sample and has clinical cut-off scores to define
cases [49]. We used a T-score of 65 or higher for case
definition, representing a symptom score above the 90th
percentile. The reliability and validity for the BSI-18 is
reported to be high [49]. In the current study, we report the
results only for anxiety and somatization. For current
depression, we used the SCID depression measure dis-
cussed above to define depression as present at baseline
and at follow-up, based on meeting the depression criteria
in the past 12 months, respectively.

Statistical analysis

As reported elsewhere [35], analyses comparing the
weighted baseline sample and U.S. Census data for NYC
indicated that the sample was representative of NYC. Since
the bivariate association between PTSD and our predictor
variables have been reported elsewhere in detail [22, 39],
we do not review these findings in the current study.
Instead, we focus on multivariate models where we
regressed baseline and follow-up PTSD, respectively, on
study predictor variables. We note that a study focus was
on the occurrence of any PTSD in the past 12 months,
which included both WTCD-related and non-WTCD-rela-
ted PTSD. However, given the impact of the WTCD event
in our study, as we note below, most of the PTSD that
occurred during the study’s timeframe was related to the
WTCD event. Finally, we examined factors related to
remitted, delayed, and persistent PTSD, compared to
resilient cases, using multi-nomial logit regression
(MNLR). This statistical method is the equivalent of
simultaneously estimating binary logits for all PTSD
comparisons among the alternatives compared to a base
model [50]. For comparison purposes, as noted, we con-
ducted this analysis both for any PTSD and for WTCD-
related PTSD more specifically. Our analytical focus was
guided by a general psychobiological stress model that we
have used previously [2, 10, 22, 35], as well as general risk
factor models from disaster epidemiology [16, 25]. For our

analyses, we used the survey estimation (svy) command set
in Stata, version 9.2 [51]. This estimation procedure adjusts
the data for our sampling design, which included over-
sampling, stratification by borough and gender and, as
noted earlier, case weights [35].

Results

Our summary demographic data for baseline and follow-up
are presented in Table 1 (top panel). None of these minor
demographic differences shown in Table 1 were found to
be statistically significant. Also shown are WTCD expo-
sure levels and the prevalence of current PTSD, depression,
anxiety and current somatization at baseline and follow-up.
As can be seen, the prevalence of adverse mental health
outcomes did not increase during the follow-up period
(Table 1, bottom panel). Noteworthy is that these data
indicated that lifetime depression before the WTCD was
18.3% and that the majority of PTSD cases that occurred at
baseline and follow-up appeared to be WTCD-related (for
example, at baseline WTCD PTSD = 3.2% vs. any
PTSD = 4.6%; at follow-up WTCD PTSD = 3.9 vs. any
PTSD = 5.4%).

The multivariate logistic regression results predicting
baseline and follow-up PTSD, respectively, are shown in
Table 2. As can be seen, there are significant associations
between PTSD at baseline and being female, being
younger, having lower self-esteem, having lower social
support, having greater WTCD event exposures, having
greater lifetime traumatic events, and having a history of
depression before the WTCD (all P-values < 0.05). How-
ever, the results were different for PTSD at follow-up. For
example, at follow-up, being Latino, being nonnative born,
having lower self-esteem, having more negative life events,
having higher traumatic life events, and having mixed
handedness, were now significant predictors of PTSD (all
P-values < 0.05).

As discussed, to address limitation in past studies, we
conducted multinomial logit regression (MNLR) analysis
using the predictor variables described, with remitted,
delayed, and persistent PTSD as the included categories
and resilient cases as the reference category (Table 3).
Since PEP and marital status were not significant in the
logistic regressions, we eliminated these variables in the
MNLR. This MNLR model predicting prospective changes
in PTSD status suggested that, compared to resilient cases,
remitted cases were more likely to be female (risk ratio
[RR] = 3.85, P <0.001), to have more negative life
events (RR = 1.37, P = 0.037), greater lifetime traumatic
events (RR =141, P <0.001), and to have had pre-
WTCD depression (RR = 3.98, P < 0.001). Delayed-
PTSD cases were more likely to be Latino (RR = 2.45,
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Table 1 Study population characteristics at baseline versus follow-up*

Study variables

1 year post disaster (N = 2,368)

2 years post disaster (N = 1,681)

Percent (N) 95% CI Percent (N) 95% CI

Age

18-29 27.2 (483) 24.8-29.7 22.7 (284) 20.1-25.6
30-44 34.2 (866) 31.8-36.7 32.9 (596) 30.1-35.8
45-64 28.8 (726) 26.5-31.1 32.5 (586) 29.8-354
65+ 9.8 (248) 8.5-11.4 11.9 (215) 10.1-13.9
Gender

Male 46.2 (1016) 43.6-48.8 46.2 (693) 43.2-49.3
Female 53.8 (1352) 51.2-56.4 53.8 (988) 50.7-56.9
Race

White 39.3 (1015) 36.9-41.7 43.0 (782) 40.145.9
African—American 26.3 (606) 24.2-28.6 26.0 (422) 23.4-28.7
Hispanic/Latino 25.7 (559) 23.5-28.1 24.1 (367) 21.5-26.9
Asian 5.2 (99) 4.1-6.6 4.6 (62) 3.4-6.1
Other 3.5 (89) 2.7-4.5 2.4 (48) 1.7-34
Borough of residence

Manhattan 21.1 (555) 19.8-22.5 21.0 (411) 19.5-22.6
Bronx 15.6 (373) 14.4-16.8 15.5 (252) 14.1-17.0
Brooklyn 30.1 (707) 28.5-31.7 30.3 (490) 28.4-32.2
Queens 27.9 (594) 26.4-29.4 27.7 (423) 26.0-29.5
Staten Island 5.4 (139) 4.7-6.2 5.5 (105) 4.65-6.3
Exposure to WTCD

Low exposure 26.5 (510) 24.2-28.9 26.7 (362) 24.0-29.61
Moderate exposure 44.0 (1003) 41.4-46.6 43.9 (719) 40.9-47.0
High exposure 22.0 (594) 20.0-24.2 21.8 (416) 19.4-24.4
Very high exposure 7.5 (261) 6.4-8.8 7.6 (184) 6.3-9.1
Depression past year 11.8 (416) 10.4-13.3 11.6 277) 9.9-13.4
Lifetime depression before WTCD 18.3 (588) 16.6-20.2 18.3 (420) 16.2-20.5
PTSD past year—any 4.6 (174) 3.7-5.6 5.4 (134) 4.3-6.7
PTSD past year—WTCD-related 3.2 (127) 2.5-4.1 3.9 (106) 3.0-4.9
BSI anxiety past month 10.2 (362) 8.9-11.6 9.1 (217) 7.6-10.9
BSI somatization past month 10.8 (359) 9.4.-12.3 11.2 (249) 9.6-13.2
SF-12 poor physical health past month 7.0 (201) 5.9-8.4 7.5 (163) 6.2-9.2

WTCD World Trade Center disaster, CI confidence interval, BSI Brief Symptom Inventory

 Percents are based on weighted data; Ns are unweighted

P = 0.005), non-native born (RR = 1.86, P = 0.041), to
have lower self-esteem (RR = 0.77, P < 0.001), more
negative life events (RR = 1.97, P < 0.001), greater life-
time traumas (RR = 1.22, P = 0.003), and to have mixed
handedness (RR = 2.46, P = 0.028). By comparison,
persistent cases were more likely to be female (RR = 2.80,
P =0.031), Latino (RR = 2.54, P = 0.033), non-native
born (RR = 2.73, P = 0.026), to have lower self-esteem
(RR =0.75, P <0.001), greater negative life events
(RR =2.20, P <0.001), greater WTCD exposure
(RR = 1.70, P = 0.001), greater lifetime trauma exposure
(RR = 1.40, P < 0.001), mixed handedness (RR = 4.63,
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P = 0.012), and to have a history of pre-WTCD depression
(RR = 4.08, P = 0.003).

A focus of this study was on changes in PTSD status
over time. Thus, we also ran the MNLR model based on
WTCD-related PTSD. Since the onset of PTSD in the
current study was substantially related to the WTCD event,
these results were very similar to the results for any (i.e., all
cause) PTSD as reported for Table 3. As can be seen in
Table 4, the major difference was that handedness was no
longer significant and that WTCD exposure now was sig-
nificant for both remitted and persistent PTSD. Another
difference was that younger age was now protective for
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Table 2 Logistic regressions predicting any PTSD in past 12 months at baseline/follow-up (N = 1,681)
Predictor variables Year 1 post disaster Year 2 post disaster

OR 95% CI P-value OR 95% CI P-value
Female 3.64 1.94-6.82 <0.001 1.18 0.68-2.05 0.562
Age 0.78 0.63-0.97 0.026 1.14 0.95-1.37 0.154
Latino 1.15 0.58-2.31 0.683 233 1.28-4.24 0.006
Married 0.58 0.32-1.05 0.074 0.87 0.50-1.50 0.611
Non-native born 0.94 0.52-1.72 0.856 1.95 1.12-3.41 0.019
Panic attack 1.36 0.65-2.84 0.419 1.78 0.87-3.63 0.112
Self-esteem 0.88 0.81-0.95 0.001 0.77 0.71-0.84 <0.001
Social support 0.90 0.83-0.97 0.007 1.05 0.96-1.15 0.314
Negative life events 1.20 0.95-1.52 0.130 1.92 1.47-2.52 <0.001
WTCD exposure 1.34 1.10-1.63 0.004 1.19 0.95-1.48 0.124
Lifetime trauma exp. 1.33 1.13-1.55 <0.001 1.19 1.06-1.34 0.004
Mixed handedness 1.80 0.73-4.47 0.203 2.61 1.24-5.48 0.011
Attention deficit 1.60 0.63-4.06 0.323 2.45 0.82-7.33 0.110
Lifetime depression pre-WTCD 3.30 1.75-6.23 <0.001 1.21 0.64-2.31 0.559
PTSD outcomes—Year 2% % (N) 95% CI
Resilient cases - - - 91.7 (1,468) 90.2-93.1
Remitted cases - - - 2.9 (79) 2.2-39
Delayed cases - - - 4.4 (98) 3.4-5.7
Persistent cases - - - 0.9 (36) 0.6-1.3

WTCD World Trade Center disaster, CI confidence interval, OR odds ratio

? Percents are based on weighted data; Ns are unweighted

Table 3 Multi-nomial logit regression predicting any current PTSD at follow-up (N = 1,681)

Variables Remitted cases (n = 79) Delayed cases (n = 98) Persistent cases (n = 36) Overall P-value®
RR*  95% CI P-value RR* 95% CI P-value RR* 95% CI P-value
Female 3.85 1.99-749 <0.001 1.28 0.71-2.33 0.408 2.80 1.10-7.12 0.031 0.002
Age 0.79 0.61-1.01 0.063 1.10 0.92-1.32 0.300 1.10 0.82-1.48 0.536 0.061
Latino 1.33  0.57-3.12 0.512 245 1.31-4.58 0.005 254 1.08-5.99 0.033 0.024
Non-native born 0.90 0.42-1.93 0.788 1.86 1.03-3.38 0.041 273 1.13-6.59 0.026 0.026
Self-esteem 0.94 0.86-1.03 0.193  0.77 0.70-0.84 <0.001 0.75 0.67-0.85 <0.001  <0.001
Social support 0.96 0.86-1.07 0437 1.04 0.95-1.14 0428 098 0.87-1.11 0.731 0.061
Negative life events 1.37  1.02-1.87 0.037 197 147265 <0.001 220 1.58-3.06 <0.001 <0.001
WTCD exposure 1.20  0.95-1.52 0.135 1.19 0.94-1.51 0.146 1.70 1.25-2.31 0.001 0.002
Lifetime trauma exp. 141 1.21-1.63 <0.001 .22 1.07-1.40 0.003 140 1.17-1.67 <0.001  <0.001
Mixed handedness 1.58 0.52-4.77 0416 246 1.10-547 0.028 4.63 1.40-15.33 0.012 0.029
Attention deficit 1.35 0.374.98 0.650 2.52  0.78-8.15 0.123  2.88 0.81-10.26 0.102 0.146
Lifetime dep. pre-WTCD 398 2.06-7.68 <0.001 1.23  0.61-3.46 0.567 4.08 1.62-10.31 0.003  <0.001

WTCD World Trade Center disaster, CI confidence interval
* Relative risk ratio (RR) compared to resilient cases (N = 1,468)
® Based on the likelihood ratio test results

remitted PTSD and older age was a risk factor for delayed
PTSD (Table 4).

Overall assessment of the predictor variables in MNLR
is given by the likelihood ratio tests shown in Tables 3

and 4. These tests are equivalent to assessing the difference
in the model without each predictor variable, respectively,
against the full model with all the variables added; hence
this assesses the net effect of adding each variable,
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Table 4 Multi-nomial logit regression predicting WTCD-related PTSD at follow-up (N = 1,681)

Variables Remitted cases (n = 63) Delayed cases (n = 81) Persistent cases (n = 25) Overall P-value®
RR* 95% CI P-value RR® 95% CI P-value RR* 95% CI P-value
Female 299 1.48-6.03 0.002 127 0.66-2.43 0469 298 1.02-8.66 0.045 0.022
Age 0.78 0.61-0.99 0.041 132 1.10-1.58 0.003 1.27 0.95-1.69 0.109 0.039
Latino 1.58 0.62-4.03 0336 256 1.27-5.18 0.008 2.82 1.13-7.03 0.026 0.004
Non-native born 1.38  0.64-2.99 0417 228 1.13-4.57 0.021 1.67 0.58-4.81 0.340 0.048
Self-esteem 0.98 0.88-1.09 0.703 0.79 0.71-0.88 <0.001 0.74 0.66-0.84 <0.001  <0.001
Social support 0.96 0.85-1.08 0481 1.00 091-1.12 0.871 093 0.80-1.08 0.357 0.196
Negative life events 141  1.01-1.97 0.046 1.67 1.22-227 <0.001 1.95 1.30-2.91 0.001  <0.001
WTCD exposure 144  1.15-1.81 0.002 121 0.92-1.58 0.176 190 1.40-2.58 <0.001  <0.001
Lifetime trauma exp. 1.28 1.12-147 <0.001 1.24  1.08-1.43 0.003 133 1.12-1.58 0.001  <0.001
Mixed handedness 2.07 0.72-5.99 0.179 1.54 0.66-3.61 0.321  3.99 0.79-20.25 0.094 0.142
Attention deficit 1.31 0.35-4.94 0.691 198 0.69-5.67 0204 1.83 0.37-9.02 0.460 0.303
Lifetime dep. Pre-WTCD 495 2.46-9.96 <0.001 1.34 0.63-2.88 0445 470 1.82-12.14 0.001  <0.001

WTCD World Trade Center disaster, CI confidence interval
? Relative risk ratio (RR) compared to resilient cases (N = 1,512)

® Based on the likelihood ratio test results

respectively. As can be seen for any PTSD (Table 3),
female gender was significant (P = 0.002), as was being
Latino (P = 0.024), non-native born (P = 0.026), having
lower self-esteem (P < 0.001), greater negative life events
(P < 0.001), higher WTCD exposure (P = 0.002), greater
lifetime traumatic events (P < 0.001), mixed handedness
(P =0.029), and having pre-WTCD depression
(P < 0.001), suggesting these predictors made a significant
contribution in the model. For WTCD-related PTSD
(Table 4), the main difference is that handedness was no
longer significant and age was now significant in the
model. We also assessed overall model fit for our MNLR
using the “fitstat” procedure in Stata. This resulted in an
overall likelihood ratio of 319.8 (P < 0.0001) and a
McFadden’s adjusted R* = 0.20, suggesting adequate fit
for the all-cause MNLR PTSD model [50]. These overall
model results were slightly less for the WTCD-related
PTSD model. For example, for WTCD-related PTSD
model the likelihood ratio = 243.6 (P < 0.0001) and the
McFadden’s adjusted R* = 0.17.

Discussion

Consistent with previous research [7, 16, 22, 52], at base-
line logistic regression analysis showed that females,
younger persons, those with lower self-esteem, lower social
support, greater WTCD exposures, greater lifetime trau-
matic exposures, and those with a history of pre-WTCD
depression were more likely to have current PTSD. At
follow-up, however, this regression showed that Latinos,
nonnative born persons, those with lower self-esteem, more
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negative life events, higher traumatic life events, and those
with mixed handedness, were more likely to meet the cri-
teria for current PTSD.

However, MNLR provided more information related to
symptom manifestation over time for both any current PTSD
and for WTCD-related PTSD. In particular, compared to
PTSD resilient cases, remitters were more likely to be
females, have greater negative life events, have greater
lifetime traumatic exposures, and to have a history of pre-
WTCD depression. By comparison, delayed-onset cases
tended to be Latinos, be immigrants, have lower self-esteem,
have greater negative life events, have more lifetime trau-
matic events, and to have mixed handedness. Persistent cases
were more likely to be females, be Latinos, be immigrants,
have lower self-esteem, have greater negative life events,
have greater exposure to WTCD events, have more lifetime
traumatic exposures, have mixed handedness, and to have
pre-WTCD depression. For WTCD-related PTSD, the
results were similar except that handedness was no longer
significant and that WTCD exposure now was significant for
both remitted and persistent PTSD cases. Another difference
was that younger age was protective for remitted PTSD and
older age was a risk factor for delayed PTSD. In summary,
these results seem to suggest that changes in PTSD status
over time and later onset PTSD were not simply due to minor
fluctuations in symptom status, but also reflected the impact
of other pre- and post-trauma psychosocial factors. For
WTCD-related PTSD, the effect of exposure to this event
had more impact and the effect of predisposing factors, such
as handedness, had less impact.

It has been suggested that delayed PTSD, defined as
meeting the criteria 6 months or more post trauma
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regardless of previous PTSD symptom status, accounts for
a significant number of PTSD cases in both military and
civilian populations [28]. If a conservative definition were
used, namely that the onset of PTSD symptoms that man-
ifest themselves are delayed by at least 6 months, but not
before this time, delayed-onset PTSD would be extremely
rare, since most persons present with at least some symp-
tom immediately post exposure [28]. However, when the
more inclusive definition is used, this is not the case at all.
Consequently, the delayed-onset war veteran is not
uncommon in the VA system [53]. In fact, this diagnosis is
sufficiently common to raise questions scientifically about
what causes some individuals with few initial symptoms to
remain vulnerable to PTSD over long time periods [22]. A
recent study of soldiers medically evacuated from combat
in Iraq and Afghanistan suggests that severe injuries tend to
retard the development of PTSD, and this may account for
some delayed cases [54]. Previously, some predicted sig-
nificant rates of delayed stress reactions among veterans
after the Vietnam War, because of emotional numbing,
troop management, and military training at the time [55,
56]. However, over the past two decades “delayed” PTSD
has evolved into a fully compensated medical disorder in
the VA heath care system, now one of the most common in
this system [28, 53].

Simply from a measurement perspective, changes in
diagnostic status related to delayed PTSD might be due to
an underreporting of symptoms at the initial assessment or
an over-reporting of symptoms at later assessments. The
opposite could be the case for remitted PTSD. There has
also been speculation that delayed-PTSD may result from
classical conditioning of fear and anxiety responses to
trauma-related cues, reinforcing avoidance and re-experi-
encing symptoms [21]. However, for war veterans at least,
the VA compensation system might be an equally plausible
explanation for this “delayed” diagnosis [53]. Finally, and
in line with our findings, changes in diagnosis may reflect
changes in the victim’s psychosocial circumstances,
whereby exposure to negative life events and events lead-
ing to lower self-esteem may result in actual increased
PTSD symptom manifestation [57]. We also showed that
underlying vulnerabilities related to preexisting conditions,
such as having a history of pre-exposure depression, con-
tributes to the onset and course of PTSD post-exposure.

The association of mixed handedness with PTSD deserves
further comment. It has been hypothesized that those
exposed to psychological trauma with a lesser degree of
cerebral lateralization have a greater likelihood of develop-
ing PTSD, because the right brain hemisphere is thought
significant in threat identification and in the regulation of
emotional response. Persons with reduced cerebral laterali-
zation for language, as indexed by mixed-handedness, are
thought to be more sensitive to perceived threat and prone to

experience emotions more intensely, because their cerebral
organization is thought to give greater primacy to right
hemisphere contributions in cognitive processes [17].
Noteworthy was that this finding did not hold for WTCD-
related PTSD, which appeared to be more susceptible,
understandably, to exposure to WTCD events (Table 4).

Additional research on individuals who do not meet full-
PTSD criteria, but nevertheless, have many PTSD symp-
toms may provide additional insights [22]. Referred to as
partial PTSD [58] or subsyndromal PTSD [59], these
classifications typically require individuals to have a cer-
tain number of symptoms from Criteria B, C, and D. These
classifications are not without controversy [22], but it has
been noted that individuals meeting criteria for partial-
PTSD have some impairment in work and social interac-
tion domains, though not nearly the level exhibited by
persons meeting full-criteria [58]. Thus, examining how
changes in psychosocial status relate to changes in the
number and severity of symptoms for individuals not
meeting full criteria may further illuminate the course and
onset of PTSD [22]. Similarly, as with many other mental
health disorders [61], examination of cases above or below
the diagnostic threshold can be insightful and points to the
limits of only focusing on the full-criteria for PTSD. While
studies exploring different classification schemes for
delayed PTSD could be insightful, an earlier study sug-
gested that on average there was a 6-point mean change in
PTSD symptom scores between baseline (year 1) and
follow-up (year 2) timeframes that were used to define
remitted and delayed cases [22]. The latter finding seems to
suggest that we can reject the hypothesis that only slight
changes in PTSD symptoms over time account for most
delayed PTSD. Other explanations seem warranted, some
of which we highlighted above.

Finally, the reason why some individuals might expe-
rience more negative life events and diminished self-
esteem in the post-disaster period is not clear. Some argue
that these periods can be characterized as adverse envi-
ronments in some communities [22, 60]. In their study of
the economic and social consequences of the Exxon Valdez
oil spill in the Prince William Sound, Palinkas et al. [62,
63] noted that this environmental disaster was not partic-
ularly life threatening. Nevertheless, this event disrupted
subsistence production, strained family and community
relations, and increased social inequality. Individuals living
in communities directly affected by a traumatic event (e.g.,
lower Manhattan after the WTCD) may cause some per-
sons to experience more negative life events (e.g., job loss,
family problems, health problems, etc.), which could
increase their PTSD symptoms after the traumatic exposure
[22]. In addition, it is entirely possible that trauma victims,
such as war veterans, might remain subclinical for long
periods only to meet full criteria following a triggering
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event indirectly related to the original trauma and quite
distally removed [28, 48].

Our research has several limitations. First, we omitted
individuals without telephones, those who did not speak
English or Spanish, and those too disabled to undertake the
interview or who were institutionalized. Given that the
sample matched the 2000 Census for NYC, elimination of
these persons did not appear to introduce overall demo-
graphic bias. We are limited, though, in generalizing these
findings beyond the major ethnic groups in NYC. Addi-
tionally, our mental health measures were based on self-
report. Although there has been significant progress in
assessing mental health with standardized instruments
administered by interviewers [3, 7], there continues to be
discrepancies between interviewer and clinician-based
assessments [14]. In addition, it has been recently noted
that participation in trauma-focused investigations in a
baseline interview may result in sensitization of health
problems at follow-up, increasing symptom reporting [64].
Another limitation was that our timeframe included only a
1-year baseline and a 1-year follow-up. A longer timeframe
would have been preferred in our study, but this option was
not available. Conversely, assessment of PTSD more fre-
quently than every 12 months would have also been
desirable for measuring fluctuations in PTSD status. Given
our limited timeframes and the unresolved issues sur-
rounding delayed PTSD, we note that the term “later
onset” PTSD may have been equally applicable in our
study. Finally, although our sample matched the NYC adult
population, as noted elsewhere, our response rate was less
than optimal [35]. The strengths of the study, however,
include our focus on a time-limited traumatic event, the use
of a large random and representative community sample,
the assessment of mental health status using DSM-IV-
based measures, the implementation of a prospective study
design, and the use of advanced multivariate methods. To
our knowledge, this is the only study of PTSD onset and
course to date that has combined all of these methods into a
single study.

The current study suggests that PTSD onset and course
following a defined, time-limited event, such as the
WTCD, represent complex phenomena that include both
psychosocial and environmental factors, both related and
unrelated to the indexed traumatic event, as well as pre-
existing vulnerabilities. Given our findings, we suggest that
additional information be included with the onset of PTSD
and its diagnoses, including past mental health and medical
history, previous syndromal status, length of time from the
index trauma to symptom onset, the presence of potential
“triggering” events, and significant changes in psychoso-
cial resource variables. Without these additional clinical
data, it is difficult to conceptualize how significant progress
might be made in this field. In short, our findings suggest
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that the diagnosis of PTSD onset and course, and especially
delayed-onset PTSD, should probably be used more cau-
tiously at this time, pending additional conceptualization
and further research.
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