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Abstract Despite the fact that Asians constituted a
sizeable proportion of those exposed to the World Trade
Center attack on September 11, 2001 due to its proxim-
ity to Chinatown and many South Asians working in the
nearby buildings, no study had focused on examining
the mental health impact of the attack in this group.
Based on data collected by the World Trade Center
Health Registry from a sample of 4721 Asians 2–3 years
after the disaster, this study provides a baseline investi-
gation for the prevalence and the risk and protective
factors for PTSD among Asian Americans directly ex-
posed to the attack and compared this population against
42,862 non-Hispanic Whites. We found that Asians had
a higher prevalence of PTSD compared to Whites (14.6
vs 11.7%). BRace-specific factors^ significantly associ-
ated to PTSD in the multivariate analyses were noted
among sociodemographics: higher education was pro-
tective for Whites but a risk factor for Asians; being
employed was protective for Whites but had no effect
for Asians; and being an immigrant was a risk factor for
Whites but had no effect for Asians. However, income

was a protective factor for both races. Other Buniversal
factors^ significantly increased the odds of PTSD symp-
toms but showed no racial differences, including expo-
sure to the disaster and the presence of lower respiratory
symptoms which intensified odds of PTSD by the
greatest magnitude (3.6–3.9 times). Targeted effort to
reach out to Asians is essential for prevention and follow
up treatment given this group’s striking history of un-
derutilization of mental health services.

Keywords PTSD . 9/11World Trade Center attack .

AsianAmericans .Mental health . Epidemiology. Social
factors

Introduction

Due to the geographic location of Chinatown being near
the World Trade Center (WTC) and the large number of
South Asians working in the collapsed and nearby
buildings [1], Asian Americans constituted a sizeable
proportion of those exposed to the WTC attack on
September 11, 2001 (9/11). Yet the number of studies
that examined the Asian subgroup remains small. To our
knowledge, of the less than ten studies that investigated
Post Traumatic Stress Disorder (PTSD) among Asians,
the number of participants includedwas small (from 8 to
148) [2, 3]. The World Trade Center Health Registry
(The Registry) is the only dataset that included a size-
able number of Asian Americans, with 4885 at baseline
[4]. Among the Registry studies, race had been exam-
ined as one factor related to mental health outcomes, yet
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no studies have focused on the mental health outcomes
of Asians and how risk and protective factors may
differentially contribute to this group’s outcomes. This
is the first study to establish a baseline investigation to
address this gap by focusing on mental health outcomes
among Asians, using the non-Hispanic Whites (Whites)
as a comparison group.

While existing epidemiological studies in communi-
ty samples indicated that minorities generally demon-
strated a higher risk for PTSD, Asians were found to
have lower risk among minorities and compared to
Whites [5, 6]. In WTC-related studies, the prevalence
of PTSD among Asians presented a complex picture.
Some found lower rates of PTSD among Asians com-
pared to other races [7], while others found a higher rate
[8].

Investigation of probable PTSD among Asians and
Whites from the Registry would provide valuable clar-
ification and elucidate how sociocultural factors impact
the prevalence of PTSD, thus identifying vulnerable
groups for prevention and treatment. This is especially
important given the striking underutilization of mental
health services among Asian Americans [9, 10] and to
combat the popular perception of Asian Americans as a
Bmodel minority^ who experience fewer mental health
difficulties [11].

Because of the particular socioeconomic characteris-
tics within the Asian communities, this racial group may
be more vulnerable to having PTSD relative to Whites.
Studies on Chinatown’s economy indicated that years
after the attack, small businesses that were central to the
local economy (e.g., manufacturing and food services),
and primary sources of employment, continued to strug-
gle [12]. The Benclave effect^ of the immigrant com-
munity further reinforced its isolation and hampered
inflow of resources [13]. Prolonged economic hardship
has been found to exacerbate any psychological distress
[14], and low household income also contributed to
higher PTSD prevalence [15].

Culture influences how mental health issues are ex-
perienced by shaping symptom manifestation when
faced with trauma [16]. Due to the tendency in Asian
culture to embody experiences of psychological distress
[17], higher reports of somatic manifestation in PTSD
symptoms such as heart pounding and difficulty breath-
ing may occur. An increase in reports of the co-
occurrence of lower respiratory symptoms (LRS) and
PTSD have been noted in relation to the WTC attack
[18, 19]. By examining the association between somatic

and psychological distresses, we may better compre-
hend the value of using physical health problems as an
entry point to address mental health issues to circumvent
Asians’ tendency to avoid mental health services due to
severe stigma around mental illness [18]. Comparison
across race could also reflect on the extent to which
culture may play in the association between psycholog-
ical and physical distress.

We hypothesize that important ‘race-specific’ social
statuses that predispose individuals to greater economic
distress—such as loss of employment, lower income,
and lower educational attainment—might lead to even
more severe impacts on Asians. We expect higher re-
ports of somatic symptoms related to PTSD, and greater
association of LRS and PTSD among Asians given their
higher tendency to express psychological distress in
physical ailments. As context, we examine what we
identify as ‘universal’ PTSD exposures to conditions
known to contribute to disaster-related psychopathology
such as proximity to disaster sites, witnessing of horror,
and being physically injured [20]. Examining effects of
these PTSD predictors among Asians using the Registry
data provides the most comprehensive study on this
issue to date, and provides valuable baseline data for
future investigations.

Method

WTC Registry Study

The Registry, funded by the US Federal Emergency
Management Agency, was developed in 2002 to evalu-
ate the long-term health effects of the WTC attack [8].
Our study is based on baseline data which was collected
from September 2003 to November 2004 (wave 1), 2–
3 years after the disaster, from 71,433 total adult
enrollees. Three additional waves of data were collected
5–6 years, 10–11 years, and 14–15 years afterwards. We
focus on wave 1 data in this investigation since it cap-
tures the largest number of enrollees before they drop
out (Asians had the highest rate of 46% among all racial
groups, Whites was 24%). To inform similar future
disasters, wave 1 data, compared to those of later waves,
also provide a more opportune time to target outreach
efforts to Asians due to this group’s reluctance to use
mental health service [10], especially when the disaster
becomes more distant. This baseline investigation also
provides a valuable foundation for separate forthcoming
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investigations of longitudinal PTSD trajectories. Partic-
ipants included rescue and recovery workers, workers in
the WTC and nearby buildings, passersby, and residents
in lower Manhattan. Full details are described elsewhere
[21].

Institutional Review Board approvals were obtained
from the first author’s institution, Center for Disease
Control and Prevention, and NewYork City Department
of Health and Mental Hygiene.

Study Participants

In wave 1, originally 4885 Asian and 43,712 White
participants aged ≥ 18 years were in the Registry. We
excluded deceased enrollees whose information was
provided by proxies (and, therefore, lacked information
on PTSD symptoms), and individuals with pre-9/11
PTSD diagnosis, without imputable PCL score (see
measures) and of an elderly age range (being ≥ 90 years
old). The final sample consisted of 4721 Asian and
42,862 White study participants.

Measures

PTSD To assess mental health impact, we examined
PTSD using the PTSD Checklist, Civilian Version
(PCL-C) [22] specifically worded about the 9/11 event.
The scale is a self-report, 17-item validated measure
inquiring about symptomology in the last 30 days. De-
rived from the Diagnostic and Statistical Manual Edition
IV (DSM-IV) [23], this measure has three clusters:
intrusive and re-experiencing, numbing and avoidance,
and hyperarousal symptoms. Responses ranged from
B1^ to B5^; higher scores indicated more PTSD
symptomology. A cut-off score of ≥ 441 was used, which
demonstrated the highest levels of diagnostic efficiency
(sensitivity = 94%, specificity = 96%, and diagnostic ef-
ficiency = 90%) [24]. The scale has shown good psy-
chometric properties among Asian Americans [25]. The
items of physical reaction (e.g., heart pounding, trouble
breathing and sweating when reminded of the disaster)

and sleep disturbance from moderate (3) to extreme (5)
were used to denote somatic manifestations of PTSD.

Serious Psychological Distress (SPD) Our secondary
mental health outcome, serious psychological distress,
measured by the Kessler 6 scale, was used as a comple-
ment to the PCL. It is a screening tool for major mental
illness [26] which has shown good psychometric prop-
erties among Asian Americans [27]. We adopted a cut-
off score of 13 which indicated a sensitivity of 0.36,
specificity of 0.96, and accuracy of 0.92 [28].

Exposure Exposure to the WTC disaster was examined
using 6 dichotomous variables: 1) located in a collapsed/
damaged building during the attack; 2) dust cloud ex-
posure; 3) witnessed ≥3 horrific events (e.g., saw a plane
hit a tower, someone falling from the tower, etc.); 4)
sustained any injury (excluding eye irritation); 5) was a
rescue, recovery or cleanup worker; 6) evacuated from
residence for ≥ 48 h.

Lower Respiratory Symptoms (LRS) This dichotomous
variable indicating somatic distress was defined as pos-
itive if respondents reported new or worsening symp-
toms for one of the following: shortness of breath,
persistent coughing, and wheezing since 9/11.

Recruitment Source Being self-identified or list-
identified for recruitment was controlled for since the
former tended to have more health concerns [29].

Statistical Analyses

We calculated summary statistics to describe partici-
pants’ characteristics and the proportion of PTSD to-
gether with specific somatic symptom manifestations
for the Asian and White groups, and compared across
race using chi-square and t tests. We examined the
bivariate associations between each variable and PTSD
by racial group using chi-square tests for the categorical
variables and then examined for racial difference for the
associations.We employed logistic regressionmodels to
investigate the associations between PTSD and the risk
and protective factors of interest for each race. Adjusted
odds ratio (AOR) and 95% confidence interval (CI)
were derived from the estimated model parameters.
We used the Wald test to detect racial difference for
each of the model parameters for associations between
PCL and the predictors, and p values were adjusted for

1 For PCL scores with missing values, if the sum already exceeded 44,
they were coded as having PTSD. Otherwise, imputation with the
highest score (5) for the missing value was used. If the new score
resulted in a sum lower than 44, the participant was considered not to
have PTSD; and if it was higher, it was considered missing. The final
missing constituted 0.46% for Asians and 0.24% for Whites. This
procedure was used to conservatively preserve cases who would not
meet the cut-off for having PTSD and would otherwise be excluded
from the study.
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multiple tests using the Hochberg method [30, 31] to
control for family-wide error rate. We set the signifi-
cance level at 0.05. All analyses were conducted using
SAS 9.4 [32].

Results

Participants’ Characteristics

Table 1 shows the variable distribution of the character-
istics of Asians and Whites. For sociodemographics,
Asians had a larger proportion of middle-aged partici-
pants, about half were male, approximately 1/3 were
<high-school educated, and another 1/3 had a college
degree. Their annual income distribution was skewed
towards the lower spectrum of <$50,000, over 1/4 were
unemployed, about 2/3 were married/cohabiting, and
over 1/3 were immigrants. Compared to the White
group, Asians had larger proportions of younger and
older (≥65) participants, had more females, and were
somewhat less likely to be married/cohabiting. Asians
were less educated overall, particularly having greater
proportions of high-school graduates or less (30.1 vs
20.0%), and lower proportions with Bsome college/
technical training^ (13.6 vs. 22.9%). Asians reported
more than twice the proportion as Whites earning
< $50,000 (42.9 vs. 19.9%). The unemployment rate
among Asians nearly doubled that of Whites (27.6 vs.
14.0%). Lastly, 1/3 of Asians were immigrants, which
contrasted with 5.4% of Whites. In sum, Asians gener-
ally had a poorer pattern of socioeconomic
characteristics.

For disaster exposures, Asians and Whites had sim-
ilar proportions of being Bin collapsed/damaged
buildings^ (15.0 vs. 15.2%), Bamidst dust cloud^ (48.4
vs. 48.2%), and Bwitnessing ≥ 3 horrific events^ (34.2
vs. 35.2%). However, Asians had a larger proportion of
being Bevacuated from their residence^ thanWhites (4.3
vs. 2.6%), while a smaller proportion was injured (12.9
vs. 16.8%). Half of White participants were Brescue or
recovery workers^ compared to 15.4% for Asians.

For mental health conditions, Asians reported a
higher proportion of having probable PTSD (14.6 vs.
11.7% inWhites, p < 0.0001) and Serious Psychological
Distress (SPD; 8.0 vs. 5.7% in Whites). No racial dif-
ference was found for lower respiratory symptoms
(LRS) between Asians and Whites (51.7 vs. 51.9%
Whites). For somatic manifestations within the PCL, a

higher proportion of Asians had physical symptoms
such as heart pounding and trouble breathing when
reminded of the disaster compared to Whites (18.3 vs.
13.3%, respectively, p < 0.0001). For sleep disturbance,
Asians’ higher proportion vs. Whites was marginal
(28.8 vs. 27.5% respectively, p = 0.06). The proportion
of self-identified participants did not differ by race
(70.2% Asians vs. 69.2% Whites).

Bivariate Associations of Factors with Probable PTSD

The proportion of probable PTSD for each of the factors
was reported in Table 2. For both races, higher propor-
tions of probable PTSD were found in individuals with
the following characteristics: middle aged, female, low-
er income, Bdivorced/separated/widowed^, immigrants,
Bself-identified^ participants, having experienced direct
exposures of being Bin collapsed/damaged buildings^,
Bin dust cloud^, Bhaving witnessed ≥3 horrific events^
and Bsustained injury^; and experiencing LRS and SPD.
However, some racial differences in patterns of bivariate
association were noted. Asians had higher proportions
of probable PTSD than Whites in those whose ages
were 45–64, those with higher education, higher in-
come, employed, US-born, and those who were mar-
ried/cohabiting. However, Asians who were Bnever
married^ had a lower proportion of probable PTSD than
Whites. Striking racial contrasts were noted in education
and current employment status, whereby generally
speaking, less proportions of better-educated and
employed Whites had PTSD compared with Asians.
Higher proportions of immigrants had PTSD than their
US-born counterparts for both races, but the difference
was greater for Whites than Asians.

For relationships between disaster exposures and
probable PTSD, Asians tended to have higher propor-
tions of probable PTSD than Whites in all categories
except for evacuated residence. SPD had a strong asso-
ciation with probable PTSD for both races although it
was slightly stronger for Whites. Participants having
LRS and being Bself-identified^ were highly associated
with PTSD for both groups but showed no racial
difference.

Associations with PTSD in the Regression Model

Table 3 presents covariate-adjusted odds ratios (AOR)
for simultaneous effects of all factors of interest on
probable PTSD for both races. Among Asians, logistic
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Table 1 Socio-demographics, disaster exposure and mental health outcome by race

Factors at wave 1 Asian (n = 4721) White (n = 42,862) Racial difference
% (n) % (n) p value

Age 18–24 6.25 (295) 3.42 (1468) < 0.0001
25–44 47.60 (2247) 49.16 (21073)

45–64 33.49 (1581) 42.71 (18306)

65+ 12.67 (598) 4.70 (2015)

Gender Male 51.79 (2445) 66.52 (28512) < 0.0001
Female 48.21 (2276) 33.48 (14350)

Education High school or less 30.10 (1421) 20.05 (8595) < 0.0001
Some college/technical school 13.58 (641) 22.85 (9795)

College graduate 34.38 (1623) 34.31 (14704)

Professional/graduate school 20.97 (990) 22.44 (9620)

Missing 0.97 (46) 0.35 (148)

Income < $50k 42.89 (2025) 19.86 (8514) < 0.0001
$50k–< $75k 14.09 (665) 18.92 (8109)

$75k– < $100k 11.14 (526) 18.96 (8127)

$100k– < $150k 9.60 (453) 17.37 (7447)

$150k or more 8.05 (380) 14.01 (6005)

Missing 14.23 (672) 10.87 (4660)

Employment status Unemployed or unreported 27.62 (1304) 14.01 (6005) < 0.0001
Employed 72.38 (3417) 85.99 (36857)

Marital status Married or Living with Partner 65.30 (3083) 68.09 (29185) <0.0001*a

Divorced/widowed/separated 11.14 (526) 10.93 (4685)

Never married 22.45 (1060) 20.58 (8820)

Missing 1.10 (52) 0.40 (172)

Immigration status US born 63.46 (2996) 94.59 (40543) < 0.0001
Immigrant or unreported 36.54 (1725) 5.41 (2319)

In collapsed/damaged building No 84.98 (4012) 84.80 (36349) 0.7473
Yes 15.02 (709) 15.20 (6513)

In dust cloud No 51.56 (2434) 51.81 (22206) 0.7430
Yes 48.44 (2287) 48.19 (20656)

Witnessed ≥ 3 horrific 9/11 events No 65.77 (3105) 64.83 (27789) 0.2007
Yes 34.23 (1616) 35.17 (15073)

Sustained an injury (not eye) No 87.08 (4111) 83.24 (35677) < 0.0001
Yes 12.92 (610) 16.76 (7185)

Rescue/recovery worker No 84.56 (3992) 49.85 (21365) < 0.0001
Yes 15.44 (729) 50.15 (21497)

Evacuated Residence for ≥ 48 h No 95.66 (4516) 97.39 (41744) < 0.0001
Yes 4.34 (205) 2.61 (1118)

Probable PTSD (PCL ≥ 44) No 85.36 (4030) 88.30 (37849) < 0.0001
Yes 14.64 (691) 11.70 (5013)

SPD No 90.43 (4269) 94.02 (40297) < 0.0001
Yes 8.01 (378) 5.66 (2427)

Missing 1.57 (74) 0.32 (138)

LRS No 46.05 (2174) 46.80 (20059) < 0.0001*b

Yes 51.71 (2441) 51.85 (22223)

Missing 2.25 (106) 1.35 (580)

PCL: physical symptoms No 81.38 (3842) 86.62 (37129) < 0.0001
Yes 18.17 (858) 13.28 (5694)
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regression analyses revealed that probable PTSD was
related to the socio-demographic variables of age, sex,
education, income, and marital status. Being in the
youngest and the oldest group compared to the prime
years of 25–44 were significantly protective, while be-
ing female, having low income, having Bsome college/
technical training^, and being a Bcollege graduate^were
at higher risk. Compared to those married/cohabiting,
the odds of probable PTSD was higher for Bdivorced/
separated/widowed^ individuals while lower for those
Bnever married^. Immigration status and recruitment
source were unrelated to probable PTSD. LRS and the
exposure variables of injury, having Bwitnessed ≥ 3
horrific events,^ and Bin dust cloud^ increased the odds
of probable PTSD in Asians.

Among Whites, probable PTSD was related to all
sociodemographic variables, all WTC exposures except
having Bevacuated for ≥48 h^, recruitment source, and
LRS. Comparing between the races, after adjusting the
p values to control for family wide error rate, we found
education, current employment, and immigration status
to be significantly different at the 0.05 level in their
associations with probable PTSD. For Whites, higher
education was clearly protective, with a risk reduction
for Bcollege graduates^ (AOR = 0.58, CI = 0.53–0.64)
and Bgraduate training^ (AOR = 0.49, CI = 0.44–0.54)
relative to high-school educated or less. However, for
Asians, several higher education categories became risk
factors including Bsome college/technical training^
(AOR = 1.33, CI = 1.03–1.71) and Bcollege graduates^
(AOR = 1.40, CI = 1.03–1.89). The effect of being
employed continued to be contrasted between races—
being employed had no significant impact on Asians
(AOR= 0.83, CI = 0.66–1.04) but attenuated PTSD risk
by almost half for Whites (AOR = 0.53, CI = 0.49–

0.58). Finally, being an immigrant remained a risk factor
for Whites (AOR = 1.61, CI = 1.42–1.82) but not for
Asians (AOR= 0.94, CI = 0.78–1.13).

While being Bdivorced/separated/widowed^ in-
creased the risk of PTSD compared to those married/
cohabiting for both Asians and Whites (by 44 and 50%
respectively), Bnever married^was protective for Asians
only (AOR= 0.65, CI = 0.50–0.86).

The highest impact from exposure for both races
came from injury (AOR = 2.69, CI = 2.16–3.33 for
Asians; AOR = 2.21, CI = 2.05–2.37 for Whites). Hav-
ing Bwitnessed ≥ 3 horrific events^ and Bbeing caught in
the dust cloud^ were also significant for both races.
BBeing rescue or recovery workers^ attenuated the risk
for Whites significantly though did not reach signifi-
cance for Asians. None of the exposure factors showed
racial differences. Of all the factors, having LRS showed
the greatest odds for PTSD (AOR = 3.55, CI = 2.86–
4.41 for Asians; AOR = 3.86, CI = 3.56–4.19 for
Whites), but with no significant racial difference. Self-
identifiedWhite participants showed slightly higher risk
for PTSD but not for Asians.

Discussion

Study Contribution

The current study is unique from other Registry studies
in that it focuses on addressing the mental health impact
of theWTC attack among Asian Americans specifically,
with an emphasis on understanding the significant fac-
tors affecting PTSD in Asians. Also, unlike other studies
on Asians [33, 34], we used Whites as an explicit
reference group.

Table 1 (continued)

Factors at wave 1 Asian (n = 4721) White (n = 42,862) Racial difference
% (n) % (n) p value

Missing 0.44 (21) 0.09 (39)

PCL: trouble sleeping No 71.07 (3355) 72.41 (31036) 0.0602
Yes 28.77 (1358) 27.49 (11784)

Missing 0.17 (8) 0.10 (42)

Recruitment source List-identified 29.80 (1407) 30.81 (13206) 0.1544
Self-identified 70.20 (3314) 69.19 (29656)

*p value changed to > 0.0001 after excluding missing values: a p = 0.0024, b p = 0.6664
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Table 2 Proportion of probable PTSD (PCL ≥ 44) by levels of factors in Asian Americans and in Whites.

Factors at wave 1 Asian (n = 4721) White (n = 42,862) Racial
difference

% Probable PTSD
(n)

p value % Probable PTSD
(n)

p value p value

Age 18–24 4.07 (12) < 0.0001 8.45 (124) < 0.0001 < 0.0001
25–44 13.22 (297) 11.24 (2368)

45–64 21.25 (336) 12.73 (2330)

65–89 7.69 (46) 9.48 (191)

Gender Male 13.29 (325) 0.0068 10.28 (2932) < 0.0001 0.0552
Female 16.08 (366) 14.50 (2081)

Education High school or less
Some college/technical

school
College graduate
Professional/graduate school
Missing

14.36 (204)
17.32 (111)
15.22 (247)
12.42 (123)
13.04 (6)

0.0850*a 17.36 (1492)
12.84 (1258)
10.03 (1475)
7.96 (766)
14.86 (22)

< 0.0001 < 0.0001

Income <$50k
$50k– < $75k
$75k– < $100k
$100k– < $150k
$150k or more
Missing

17.43 (353)
15.34 (102)
13.12 (69)
13.25 (60)
8.42 (32)
11.16 (75)

< 0.0001 18.10 (1541)
13.12 (1064)
10.35 (841)
8.78 (654)
7.59 (456)
9.81 (457)

< 0.0001 0.0192

Employment Status Unemployed or unreported
Employed

13.88 (181)
14.93 (510)

0.3637 19.18 (1152)
10.48 (3861)

< 0.0001 < 0.0001

Marital status Married or living with
partner

Divorced/widowed/separated
Never married
Missing

15.34 (473)
21.10 (111)
9.34 (99)
15.38 (8)

< 0.0001 10.14 (2960)
20.36 (954)
12.15 (1072)
15.70 (27)

< 0.0001 < 0.0001

Immigration status US born
Immigrant or unreported

13.58 (407)
16.46 (284)

0.0070 11.35 (4603)
17.68 (410)

< 0.0001 0.0041

In collapsed/damaged
building

No
Yes

13.73 (551)
19.75 (140)

< 0.0001 10.94 (3978)
15.89 (1035)

< 0.0001 0.9628

In dust cloud No
Yes

9.16 (223)
20.46 (468)

< 0.0001 7.47 (1658)
16.24 (3355)

< 0.0001 0.5209

Witnessed ≥ 3 horrific
events

No
Yes

10.05 (312)
23.45 (379)

< 0.0001 7.94 (2206)
18.62 (2807)

< 0.0001 0.7111

Sustained an injury (not
eye)

No
Yes

11.41 (469)
36.39 (222)

< 0.0001 8.84 (3153)
25.89 (1860)

< 0.0001 0.0416

Rescue/recovery worker No
Yes

14.63 (584)
14.68 (107)

0.9729 12.94 (2764)
10.46 (2249)

< 0.0001 0.0381

Evacuated residence for
≥ 48 h

No
Yes

14.81 (669)
10.73 (22)

0.1058 11.65 (4865)
13.24 (148)

0.1040 0.0366

SPD No
Yes
Missing

8.92 (381)
73.81 (279)
41.89 (31)

< 0.0001 7.59 (3059)
78.45 (1904)
36.23 (50)

< 0.0001 0.0072

LRS No
Yes
Missing

5.80 (126)
22.49 (549)
15.09 (16)

< 0.0001 4.24 (851)
18.50 (4111)
8.79 (51)

< 0.0001 0.4054

Recruitment source List-identified
Self-identified

12.15 (171)
15.69 (520)

0.0017 8.58 (1133)
13.08 (3880)

< 0.0001 0.0815

*p value changed to < 0.05 after excluding missing values: a p = 0.0443
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This investigation examined participants across dif-
ferent eligibility groups who were exposed, such as
responders or residents of Lower Manhattan, thereby
providing a more comprehensive picture of affected
populations within the two races.

Mental Health Impact of the WTC Attack by Race

Asians reported a significantly higher proportion of
having probable PTSD (14.6%) compared to Whites
(11.7%), with a similar pattern noted in SPD (8.0 vs

Table 3 Adjusted odds ratio (AOR) and 95% confidence interval for association between predictors and probable PTSD (PCL ≥ 44), by
race.

Factors at wave 1 Asian
(n = 4721)

White
(n = 42,862)

Racial
difference

AOR (95% CI) AOR (95% CI) *p value

Age 18–24
25–44
45–64
65+

0.34 (0.18–0.66)
1
1.41 (1.16–1.73)
0.39 (0.26–0.58)

0.55 (0.44–0.68)
1
1.04 (0.97–1.12)
0.43 (0.36–0.52)

0.0624

Gender Male
Female

1
1.21 (1.01–1.46)

1
1.44 (1.34–1.55)

0.0902

Education High school or less
Some college/technical school
College graduate
Professional/graduate school
Missing

1
1.40 (1.03–1.89)
1.33 (1.03–1.72)
1.09 (0.81–1.49)
1.19 (0.44–3.24)

1
0.69 (0.63–0.76)
0.58 (0.53–0.64)
0.49 (0.44–0.54)
0.70 (0.41–1.19)

0.0013

Income <$50k
$50k– < $75k
$75k– < $100k
$100k– < $150k
$150 k or more
Missing

1
0.68 (0.51–0.90)
0.51 (0.37–0.70)
0.54 (0.38–0.77)
0.37 (0.24–0.56)
0.65 (0.49–0.88)

1
0.70 (0.64–0.77)
0.56 (0.50–0.62)
0.50 (0.44–0.56)
0.48 (0.43–0.55)
0.55 (0.49–0.63)

0.9964

Employment status Unemployed/unreported
Employed

1
0.83 (0.66–1.04)

1
0.53 (0.49–0.58)

0.0052

Marital status Married or Living with Partner
Divorced/widowed
Never married
Missing

1
1.44 (1.11–1.89)
0.65 (0.50–0.86)
1.29 (0.54–3.04)

1
1.50 (1.37–1.65)
1.06 (0.97–1.15)
1.48 (0.91–2.40)

0.1390

Immigration status US born
Immigrant or unreported

1
0.94 (0.78–1.13)

1
1.61 (1.42–1.82)

0.0013

In collapsed/damaged building No
Yes

1
1.26 (0.98–1.61)

1
1.25 (1.14–1.36)

0.9964

In dust cloud No
Yes

1
1.52 (1.24–1.85)

1
1.23 (1.14–1.32)

0.4347

Witnessed ≥ 3 horrific events No
Yes

1
1.85 (1.53–2.24)

1
1.84 (1.71–1.98)

0.9964

Sustained an injury (not eye) No
Yes

1
2.69 (2.16–3.33)

1
2.21 (2.05–2.37)

0.7296

Rescue/recovery worker No
Yes

1
0.94 (0.72–1.22)

1
0.83 (0.76–0.89)

0.9964

Evacuated residence for ≥ 48 h No
Yes

1
0.82 (0.50–1.34)

1
1.16 (0.95–1.41)

0.9964

LRS No
Yes
Missing

1
3.55 (2.86–4.41)
2.90 (1.61–5.20)

1
3.86 (3.56–4.19)
1.76 (1.29–2.39)

0.9964

Recruitment source List-identified
Self-identified

1
1.09 (0.88–1.34)

1
1.09 (1.01–1.18)

0.9964

*The p values for racial difference were adjusted for multiple tests using Hochberg method to control for family-wide error rate
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5.7%). The PTSD rate of Asians was comparable to the
15% reported among the civilian survivors from the two
collapsed WTC buildings [35], and higher than the
rescue and recovery workers (12.4%) [36] indicating a
very high mental health impact on this group. Our study
supports the general finding in other Registry studies
that being Asian was a risk factor for PTSD compared to
Whites, e.g. amongmale police responders [37], civilian
survivors of the collapsed WTC buildings [35], and
residents, office workers, and passersby [18]. However,
our findings differ from other WTC studies in which the
broader New York City population was randomly sam-
pled whereby being Asian was protective from devel-
oping PTSD [7, 38]. The broader sampling frames of
these studies, which included individuals not directly
exposed to the attack and the Asian participants sampled
being more acculturated as indicated in the language
interviewed [38] may account for the difference. Our
findings also revealed a very different picture from
large-scale epidemiological studies (e.g., the National
Epidemiologic Survey on Alcohol and Related Condi-
tions [6]; and the Collaborative Psychiatric Epidemiol-
ogy Studies [5]) in which lifetime PTSD and the risk of
developing PTSD after a traumatic event were the low-
est in Asians among all races. Our study, which has the
methodological advantage of comparing a sizeable sam-
ple of Asian Americans and Whites following the same
traumatic event, thus challenges the Bmodel minority^
myth of Asians having better mental health relative to
other races [11].

‘Race-Specific’ Differential Association
of Socioeconomic Status with PTSD

Asian participants clearly came from significantly more
disadvantaged socioeconomic background than
Whites—having lower education and income, almost
twice as many unemployed (27.6 vs 14.0%), more than
double being 65 years or older (12.7 vs 4.7%), and
having nearly seven times more immigrants (36.5 vs
5.4%)—may make them more susceptible to the tre-
mendous stresses with less access to resources following
the disaster. The higher percentage of males among
Whites (66.5 vs 51.8%) could be explained by their
higher proportion of rescue and recovery workers com-
pared with Asians (50.2 vs 15.4%), which might also, in
part, explain their higher employment rate in our sample
given their secure job situations compared to affected
small businesses in Chinatown.

Some sociodemographic variables that were directly
related to economic resources showed striking racial
contrasts in their association with PTSD. Our current
findings among Whites coincided with previous studies
onWhites that low socioeconomic status was associated
with high PTSD [39, 40]. Higher education for Whites
clearly was protective (risk reduction of 31–42% for
Bcollege or higher education^ relative to high school).
In contrast, Asians who had Bsome college/technical
training^ or more fared worse (a risk increase of 33–
40%), while those with professional or graduate school
training exhibited no difference when compared to high
school education. Among Whites, more education
might be associated with more resources in terms of
knowledge and social capital to protect against the af-
tereffects of the trauma, which may be harder to attain
for Asians, many of whom are immigrants who are less
integrated into the mainstream society. Further, it is well
known that immigrants’ educational attainments often
do not positively correlate with economic or occupa-
tional accomplishments, partly because their qualifica-
tions and work experiences are not recognized in their
host countries [41, 42].

For Asians, being employed was not related to
PTSD, but for Whites it attenuated the risk for PTSD
by almost half. Being employed may not confer the
same protection on Asians as it does for Whites, likely
due to underemployment and the menial nature of the
jobs of this group (e.g., restaurant or other service
workers), as indicated by a much greater proportion of
Asians earning < $50,000 household income compared
to Whites (42.9 vs 19.9%). Regardless of employment
status, financial impacts on Asians was reported to be
large as reflected in a study of the displaced Chinese
garment workers where 81% reporting lowered income
8 months after 9/11 [33]. This interpretation regarding
the importance of having economic resources is further
bolstered by income playing a clearly protective role
against PTSD in many other WTC studies [8, 15].

Finally, although we were unable to directly test this,
we speculate that the larger Asian immigrant communi-
ties in New York City likely provided more social
support than was available for White immigrants so that
the immigration status posed higher risk for Whites
while it had no significant impact on Asians when other
factors such as incomewere controlled for. Furthermore,
it is possible that the more collective Asian culture
provided a larger social network of relatives, clansmen,
and friends lending more social support [43].

Factors Related to the Probable PTSD after the 9/11 World Trade Center Attack among Asian Americans



‘Universal’ Impact of Direct Exposure and LRS
on PTSD

As expected, direct exposure to the attack when indi-
viduals were in imminent danger—such as Bbeing in
dust cloud^, Bin collapsed/damaged building^, having
Bwitnessed horrific events^, and having Bsustained an
injury^—raised the risk of PTSD (an increase of 23% to
270% based on the AORs) with no racial differences.
However, although being rescue or recovery workers
could have exposed individuals to higher risk, their
training might have better prepared them to deal with
such impact [37], resulting in this being more of a
protective factor which attained significance for Whites
but not Asians (although the AOR in Asians was pro-
tective in nature). BHaving been evacuated^ for ≥ 48 h
was not significantly associated with PTSD for both
races. These results signal a relatively consistent role
of direct exposure enhancing the risk of PTSD in a
similar fashion across both racial groups.

The association of LRS with PTSD was found to be
strong in both races as reported in other Registry studies
[19, 44]. However, contrary to our hypothesis that
Asians would show a greater tendency than Whites in
the association between somatic and psychological
symptoms, no racial difference was noted, despite the
higher proportion of disaster-related somatic manifesta-
tion of PTSD symptoms among Asians than Whites.
Perhaps the mutually reinforcing nature of the PTSD
and LRS resulted in an intensification of symptoms of
both illnesses [19] thus outweighing Asian culture’s
tendency to focus on their somatic expression of distress
and to downplay their psychological distress to avoid
stigma.

Limitations & Strengths

Study weaknesses include not capturing the diversity in
ethnicity within the Asian group, although these groups
do share some similar characteristics [42]. Our study’s
cross-sectional nature precluded us from drawing causal
relationships, e.g., income or employment status could
result from PTSD rather than being its cause, but our
next longitudinal studies would attempt to address this
issue. Some relevant variables such as social support,
post 9/11 trauma or stress, and mental health service use
that could help explain PTSD prevalence are available
only in later waves of the study. The main mental health
outcome measure (PCL) was based on respondents’

self-report instead of clinician diagnosis which is con-
sidered the gold standard, but the adherence of which is
difficult given the large scale of the Registry study.
Further, 2–3 years after the disaster, respondents might
exhibit a recall bias, and an avoidance tendency could
lower the accuracy of self-report of the exposure [8]
leaning towards under-reporting.

However, we believe these limitations are
outweighed by the study strengths. This is the largest
single study examining the mental health impact on
Asian Americans directly affected 2–3 years after the
WTC attack. The separate analyses for racial groups
facilitated the identification of PTSD risk and protective
factors that were specific to the Asian community. This
study also shifted the focus to more recent post-
migration traumatic experiences, thus providing a valu-
able update to previous studies on Asian Americans that
focused on pre-migration war experiences and post-
migration violence, e.g. among Cambodians [45].

Study Implications

The overall vulnerability for Asians, in terms of their
more disadvantaged positions and their high proportion
of probable PTSD, signals needed attention and help.
Targeted efforts to reach out to this economically disad-
vantaged population to ensure follow up treatment is
very important both due to their high risk for PTSD and
other psychological distress, and their low tendency to
seek and sustain treatment effort [10]. Our study find-
ings suggest ways to identify and target higher-risk
Asian groups. The large percentage of individuals from
very low household income needs to be targeted for
outreach. The level of employment and earned income
is important in identifying Asians at risk for PTSD, not
just employment status alone. Although the association
between LRS and PTSD for Asians was not higher than
Whites, the heightened risk by 360% for Asians with
LRS, and higher tendency to manifest somatic symp-
toms of psychological distress such as heart pounding,
trouble breathing and sweating offers an important in-
road to screen for potential PTSD given the population’s
tendency to seek help for physical ailments [17]. An
effective Bbridge^ between medical and psychiatric ser-
vices whereby both services are available on one site
could help to reduce the stigma and ensure service
utilization [46]. Likewise, targeting those with direct
WTC exposure is essential given the higher risk for
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PTSD. Outreach efforts such as The Registry’s Treat-
ment Referral Program should be continued and staffed
with bilingual personnel given the high percentage of
Asians being immigrants (76.4%) [47] and many were
not proficient in English [48]. Bilingual services are also
needed to engage this population in treatment. We hope
that these findings will serve as a call to action to address
the mental health risks of this group that likely remain in
great need of help due to the lingering nature of PTSD
[36].
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