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Nature disasters and terrorist attacks have occurred globally in recent years. Posttraumatic stress
disorder (PTSD) has gained increasing attention, but its incidence and comorbidities in the general
population are different from those inside the disaster areas. The present study estimated incident
PTSD and comorbid diseases for over a decade in a cohort from a community-based integrated
screening program. Factors associated with the incidence of PTSD were analyzed using Cox regression
models. PTSD incidence was estimated as 81 per 10° person-years. Incidence was higher in females than
in males and one-year increments in age lowered the risk for PTSD by 3%. Adjusting for other factors,
cardiovascular heart disease (adjusted hazard ratio (aHR) =1.45, 95% confidence interval (Cl): 1.03-
2.04), bipolar disorder (aHR =1.86, 95% Cl: 1.07-3.24) and major depressive disorder (aHR=7.03, 95%

. Cl: 5.02-9.85) all significantly increased 45%, 86% and 603%, respectively, the risk of developing PTSD.

. The low rate of people with incident PTSD receiving treatment in this community health screening

. population implies there is room for improvement in terms of early detection and intervention. Clinical
preventive efforts may be made for patients seeking general medical help, especially those with
cardiovascular disorders or mood disorders.

. Posttraumatic stress disorder (PTSD) is a common, debilitating mental disorder that describes a syndrome that
- can occur following traumatic experiences. Lifetime exposure to trauma may reach 50% or higher"2. Previously
reported 1-year and lifetime prevalence rates of PTSD among adults from general population were around 3.5%
and 7%, respectively’. However, most previous epidemiological studies have reported the prevalence of PTSD
* in subjects exposed to war, terrorism, or natural disasters, rather than incidence of the disorder in the general
. population’.
: The incidence of PTSD varies across different studies and populations. For example, PTSD incidence rates
observed among individuals who survived a cardiac arrest range from 19% to 27%, with comorbid depression
* and anxiety commonly seen®. Among train drivers who had witnessed a railway suicide (a person under the train)
. the incidence of PTSD ranged from 14% (severe PTSD) to 44% (moderate PTSD)?. In survivors of motor vehicle
. accidents, incidences of PTSD were 7.5% in face-to-face interviews'® and 8.5% in telephone interviews!''.
: The incidence of PTSD also varies geographically>'2. In particular, low prevalence rates (0.2-0.4%) have
* been observed in Japan and China'*-!%, The PTSD incidence rate in a Japanese study was much lower than those
. reported in the United States, United Kingdom, Israel, and Australia, but similar to that in Switzerland'”-?*. It is
: possible that discrepancies in the incidence of PTSD between developed and developing countries stem from
differences in health care, medical advances, and social norms about caring for people following traumatic events
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or differences in reporting symptoms or seeking care for PTSD. There have been fewer studies of incidence than
prevalence of PTSD, and as such, risk factors associated with incident PTSD have not been well investigated.
However, age at traumatic event, female gender, (family) history of psychiatric illness, and lower education level
are all reported as pre-traumatic risk factors across trauma types®*%.

As it is often not feasible to collect data before traumatic events have occurred, investigations of risk factors for
incident PTSD are often retrospective rather than prospective®®?. There is also a wide range of common comor-
bidities for incident PTSD, including mental illnesses, such as depressive disorders, anxiety, and substance-related
disorders, and physical diseases, such as diabetes, obesity, angina, hypertension, gastritis, and arthritis®2$-3!,
However, although antecedent physical conditions, such as metabolic syndrome and cardiovascular disorders,
have been shown to be associated with various psychiatric disorders®**?, these have not been well studied in
PTSD.

In this study, we aimed to prospectively investigate mental and physical comorbid diseases associated with
incident PTSD in a cohort participating in a community health-screening program. The presence of such poten-
tial risk factors is routinely assessed in healthcare settings before the onset of PTSD. If comorbid diseases increase
the risk of incident PTSD, enhanced surveillance in high-risk populations may be warranted.

Methods

Study participants and procedure. The cohort was derived from a population of about 390 thousands
adults (aged 30 years and above) in the northeastern part of Taiwan. The population was invited to participate in a
longitudinal community-based study, the Keelung Community-based Integrated Screening (KCIS), between 1999
and 2004. The details of KCIS have been described elsewhere®*. Briefly, the KCIS program was originally designed
as a continuing evidence-based screening program for five neoplastic and three non-neoplastic diseases (type 2
diabetes, hypertension, and hyperlipidemia) with inter-screening intervals ranging from 1 to 5 years (mean: 3.13,
SD: 1.47). As the KCIS program is a multiple screening program, the follow-up of this cohort enabled us to ascer-
tain multiple outcomes on neoplastic diseases and other chronic disorders, such as mental illnesses (including
PTSD).

We excluded participants with a current or previous diagnosis of PTSD at baseline. Individuals at-risk were
followed up from 1999 to 2004 to calculate the incidence of PTSD. In this prospective design, each participant
entered the study at some point between 1999 and 2004, and the follow-up period depended on the entrance date.
The coverage rate (percentage of participation) of residents enrolled into the KCIS program was approximately
55% in 2004°°. As a result, there were approximately 138,420 target population eligible for inclusion, yielding
76,545 at-risk participants for the PTSD incidence survey. Of these, 76,417 completed data collection for the final
analysis. The exclusion of 128 subjects was due to missing data on essential variables, such as those about clinical
diagnoses, metabolic components, and life style details.

Community nurses administrated questionnaires, which inquired about social demographics and life style
details (e.g., smoking or alcohol drinking habits etc.) that might be associated with PTSD. Participants were not
aware of any hypothesized associations between the risk factors and PTSD before screening. The study hypothesis
was formulated independent from PTSD and comorbid aliments ascertainment.

Data Collection. On entering the program, enrolled participants were interviewed to collect social demo-
graphics, health behaviors (e.g., smoking or alcohol drinking), and family history of major illnesses (e.g., psychi-
atric disorders). Assessment of smoking and alcohol consumption was dichotomous: current use or no current
use. Further examinations included reclining blood pressure (BP) after 5 to 10 minutes of rest and a fasting blood
sample to assess glucose, triglyceride (TG), and high-density lipoprotein (HDL) cholesterol levels. Trained staff
measured participants’ heights using a stadiometer, waist circumference (WG, to the nearest 0.1 cm) by a standard
tape, and body weight (to the nearest 0.1kg) by a standardized weight scale. The waist size was checked horizon-
tally at the midway between the inferior margin of the rib cage and the iliac crest.

Measurement of metabolic syndrome (MetS) and its components.  MetS was diagnosed according
to the NCEP ATP III criteria® with the adjustment for waist size in Asian subjects®’. We defined participants as
having MetS if three or more of the following criteria were met: (1) central obesity (an increased WC, WC >80 cm
for women and >90 cm for men); (2) high TG (TG > 150 mg/dL); (3) a low HDL cholesterol concentration
(<50mg/dL for women and <40 mg/dL for men); (4) an elevated BP (>130 mmHg systolic or >85 mmHg diastolic);
and (5) glucose intolerance (elevated fasting glucose >110mg/dL).

Diagnosis of PTSD. Data used for identifying patients with PTSD were drawn from a national
population-based dataset, the National Health Insurance Dataset (NHID). In 1995, a government supported
single-payer national health care system was implemented in Taiwan. This system offers affordable and rapid
medical attention. National Health Insurance, one of the most complete health insurance systems in the world,
finances healthcare for almost all (>99%) 23 million Taiwanese citizens. The NHID provides details on medical
visits, including International Classification of Diseases (ICD) codes, dates of visits, and so on. This universal
NHID offers a comparable prognosis with an affordable premium relative to other large series of health insurance
datasets in developed countries. In the present study, individuals in the NHID were diagnosed with PTSD accord-
ing to the ICD-9 (codes 3095s), ascertained by psychiatrists’ or physicians’ clinical diagnosis.

Information on comorbid medical and mental disorders. To assess diseases that are comorbid with
PTSD, we retrieved data on several major illnesses from the NHID, which diagnoses were ascertained by psychi-
atrist or physician in each specialty. This included neoplasm (ICD codes 140-208), diabetes mellitus (DM, 250),
hypertensive disorders (HTN, 401-405), cardiovascular diseases (CVD, 390-398, 410-414, and 420-429), and
cerebrovascular accidents (CVA, 430-438). Mood-related psychiatric disorders, relevant to the development of
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Figure 1. Age- and gender-specific incidence of PTSD.

PTSD, were enrolled for this investigation. We defined major depressive disorders (MDD) according to the ICD
diagnostic codes 296.20-296.26, 296.30-296.36, and 296.82. Bipolar disorders (BPD) were defined according to
the codes 296.00 to 296.06, 296.10 to 296.16, 296.40 to 296.46, 296.50 to 296.56, 296.60 to 296.66, 296.7, 296.80,
296.81, 296.89, and 296.90). Anxiety disorders were defined according to the codes 300.0x. Substance use disor-
ders (SUD) were defined according to the codes 291, 2925, 303 s, 304 s, and 305s. The comorbid medical and
mental disorders were clinically diagnosed by a psychiatrist or physician based on ICD or DSM (Diagnostic and
Statistical Manual of Mental disorders) criteria. Information on medical history was obtained from the NHID.
To ensure the validity of diagnoses, diseases were identified according to the respective ICD-9 codes at least three
times outpatient visits or one hospital admission.

Statistical analyses. For descriptive analyses, continuous variables were expressed as means (£SD) and
categorical variables were expressed as percentages. To calculate the incidence of PTSD, person-years at risk since
the date of attending the first screening were calculated. Eligible participants ceased to contribute to person-years
at census either after their final recorded assessment or when they met the criteria for PTSD.

We first used univariate Cox proportional hazards regression models to estimate the hazard ratio of develop-
ing PTSD with demographic and clinical characteristics as covariates. A multivariable Cox regression model was
further conducted with a stepwise selection method set at 0.10 for inclusion or exclusion of variables within each
criterion. Finally, two-tailed tests with o= 0.05 were considered statistically significant. All statistical analyses
were carried out using SAS software (version 9.2; SAS Institute Inc, Cary, NC).

Ethical consideration and funding source. We used data derived from a large research project (KCIS)**.
The original research protocol was reviewed and approved by the ethical review committee of National Taiwan
University. The KCIS program performs annual recruitment screenings, which are approved by the local ethical
committee in the Health Bureau of Keelung City. These approvals include data linkage systems and strict mainte-
nance of participant confidentiality. All methods were performed in accordance with the relevant guidelines and
regulations.

Written informed consent was obtained from each participant at the time of recruitment to the program®.
Because the personal identification numbers for the datasets were encoded, the privacy and confidentiality of
patients were ensured by obscuring the links between datasets. None of the authors received outside funding for
the current study.

Results

Cumulative incidence of PTSD. Among 76,417 at-risk subjects followed until the end of 2004, 193 incident
PTSD cases were found. Of these, 148 were female (76.7%). The average age of PTSD cases was 43.5 (S.D. 13.8).
The overall incident rate of PTSD was 0.08% (95% CI=10.06-0.10%). Figure 1 shows age- and gender-specific inci-
dences of PTSD. Incidence of PTSD was higher for female than male participants across all age groups. Subjects
aged 20 to 29 years had the highest incidence of PTSD for both genders (detailed statistics are shown in Table 1).
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Male Female Both genders
Age Incidence Incidence Incidence
(years) Cases | PY (X107%) | Cases PY (x1079) Cases PY (x1079)
20-29 6 5815 103.18 21 10760 195.16 27 16576 162.89
30-39 12 15417 77.84 46 33407 137.70 58 48824 118.79
40-49 11 20966 52.47 42 39158 107.26 53 60124 88.15
50-59 5 14692 34.03 20 27615 72.42 25 42307 59.09
60-69 8 15880 50.38 14 24299 57.61 22 40179 54.75
>=70 3 15596 19.24 5 15385 32.50 8 30981 25.82
Total 45 88367 50.92 148 150625 98.26 193 238991 80.76

Table 1. Age- and gender-specific incidence of PTSD in a large community longitudinal cohort
(n=76,417). PY = person-years.

In the univariate logistic regression, compared with non-PTSD participants, those with PTSD tended to be
female, younger, more highly educated, non-smokers, and non-drinkers. Furthermore, participants with PTSD
had a higher proportion of CVD, MDD, anxiety disorders, BPD, and SUD. MetS, however, demonstrated a minor
protective effect for the occurrence of PTSD (Table 2).

Risk factors for developing PTSD at follow-up. Table 3 shows the results of the univariate Cox propor-
tional hazard regression models, indicating that male gender and older age were significantly inversely associated
with PTSD incidence. Therefore, we subsequently controlled for the effects of sex and gender, and found that the
onset of PTSD was significantly associated with low education, physical illnesses (cancer, diabetes, hypertension,
CVA, and CVD), and mental disorders (MDD, anxiety disorders, BPD, and SUD).

The multivariable Cox regression analysis showed that MDD accounted for around a 7-fold increase in risk
for developing PTSD (aHR =7.03, 95% CI=5.02-9.85). Bipolar disorders were also associated with the inci-
dent PTSD (aHR =1.86, 95% CI=1.07-3.24). CVD increased incident PTSD risk by 45% (95% CI=1.03-2.04).
One-year increments in age lowered the risk of PTSD by 3% (aHR =0.97, 95% CI=0.95-0.98). Education level
was significantly associated with PTSD, with those educated to elementary school or lower having half the risk of
PTSD compared with those educated to college or above (aHR = 0.54, 95% CI=0.32-0.90).

Discussion

The strengths of this study include the large sample size from a general population, long follow-up period, and
linked data from multiple sources. In this large community cohort, we found an overall incident rate of PTSD
as low as 0.08%. However, various physical and psychological antecedents were common in the development of
PTSD. In our multivariable analyses, MDD accounted for a greater than 6-fold increase in hazard ratio for PTSD
and BPD and CVD increased the hazard ratio by around 86% and 45%, respectively. MetS was not found to be
associated with the development of PTSD after adjustment for covariates.

We identified incident cases among those receiving clinical diagnoses and healthcare services. The cumula-
tive incidence rate in our study is relatively low, but is consistent with rates of PTSD after a traumatic experience
reported in another Eastern society'>!® and in Asian Americans®. In a survey of common psychiatric disorders
among a nationally representative sample of Taiwanese, similarly low rates of MDD were also reported®. One pos-
sible explanation for this is the low level of help-seeking behavior for mental disorders commonly seen in Asian
countries* and the limited understanding of PTSD in the general public. When PTSD affects US ethnic minori-
ties, the mental illness is usually undertreated, especially in Asian groups®®. This indicates room for improvement
in the detection of PTSD in health screening programs in Asian countries*'. Alternatively, under-diagnosis may
also arise from the insufficient awareness of PTSD in clinicians®*>*!. In a recent World Mental Health (WMH)
Surveys in 18 countries, disaster-related PTSD prevalence was only 0.0-3.8% and was significantly related to high
education and other risk factors*2. The present study also found low rate of PTSD and related to higher educated
persons. It may be explained by high level of awareness of PTSD and willingness to seek help from medical pro-
fessionals in higher than lower educated persons.

Associations between CVD and PTSD have been consistently reported in the general population®. Possible
mechanisms for this link include cytokines, increased allostatic load, the hypothalamic-pituitary-adrenal axis,
the autonomic nervous system, psychiatric risk factors (e.g., substance abuse, depression), shared genetic vul-
nerability, and MetS**. However, most studies have investigated the impact of PTSD on the risk or outcome of
CVD?. In the present study, we investigated the relationship in the opposite direction to find that CVD played
arole in the development of PTSD. Recent evidence has also highlighted the bidirectional relationship between
PTSD and CVD*. Life-threatening medical illness can elicit PTSD, and conversely, PTSD increases subsequent
CVD events and mortalities. A common physical basis for CVD and PTSD, particularly hyperarousal symptoms,
is sympathetic activation, as well as higher levels of coronary artery calcium®!. Another possible pathway between
cardiovascular events and PTSD is medication nonadherence causing exacerbated physiological conditions and
an unhealthy lifestyle, such as sleep disturbances®.

The co-occurrence of PTSD and depressive disorders is common®***. However, the relational direction and
nature of this association is unclear. It has been suggested that these phenomena have overlapping symptoms
with similar trait vulnerability. In our longitudinal study, MDD was found to predict the onset of PTSD. Having
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Male 45 0.15% 29180 99.85%
Gender <0.0001
Female 148 0.31% 47044 99.69%
Age (Mean (SD)) years 43.5(13.8) 49.6 (15.3) <0.0001
Low 45 0.15% 29169 99.85%
Education Medium 95 0.29% 32522 99.71% <0.0001
High 53 0.36% 14492 99.64%
Single 26 0.24% 10682 99.76%
Marriage Married 138 0.24% 56915 99.76% 0.2545
Widow 29 0.34% 8574 99.66%
No 157 0.29% 54075 99.71%
Smoking 0.0006
Yes 31 0.15% 20801 99.85%
No 163 0.28% 57105 99.72%
Drinking 0.0007
Yes 24 0.14% 17410 99.86%
No 173 0.25% 70330 99.75%
Cancer 0.172
Yes 20 0.34% 5894 99.66%
No 149 0.25% 59532 99.75%
Diabetes 0.7629
Yes 44 0.26% 16692 99.74%
No 130 0.26% 49864 99.74%
Hypertension 0.5715
Yes 63 0.24% 26360 99.76%
No 170 0.25% 68310 99.75%
CVA 0.4852
Yes 23 0.29% 7914 99.71%
No 122 0.23% 53589 99.77%
CVD 0.0313
Yes 71 0.31% 22635 99.69%
No 174 0.28% 62434 99.72%
MetS 0.0022
Yes 18 0.13% 13543 99.87%
No 130 0.18% 72117 99.82%
MDD <0.0001
Yes 63 1.51% 4107 98.49%
No 182 0.24% 74686 99.76%
ANX 0.0003
Yes 11 0.71% 1538 99.29%
No 187 0.25% 75510 99.75%
SUD 0.0018
Yes 6 0.83% 714 99.17%
No 170 0.23% 74745 99.77%
BPD <0.0001
Yes 16 1.07% 1479 98.93%

Table 2. Demographic and clinical characteristics by the status of PTSD in the univariate logistic
regression. 1 Education: Elementary schools or below (low); High school (medium); University (high). 2 CVA:
cerebrovascular accidents; CVD: cardiovascular diseases; MetS: metabolic syndrome; MDD: major depressive
disorders; ANX: anxiety disorders; SUD: substances use disorders; BPD: bipolar disorders.

comorbid depression was one of the major risk factors for newly diagnosed PTSD among women who have been
sexually assaulted®. Pre-existing depression was a consistent independent risk factor for intensive care unit-
related PTSD at both 3 and 12 months®®. A lack of awareness of PTSD complaints is common and post-traumatic
suffering is often silent, because other comorbid disorders and complaints are more prominent early in the clin-
ical picture following traumatic experiences. Thus a depressive episode characterized as help-seeking signal or
drug-pursuing behavior is frequently encountered®”. Our findings could also partially be explained by a lack
of awareness among patients and clinicians. Moreover, the knowledge, skills and ability to diagnose depressive
disorders are more sophisticated than for PTSD in general physicians and public health workers. More people
with depressive disorders are therefore likely to be detected and managed than those with PTSD®. Identifying
those at the greatest risk of developing PTSD can allow adequate allocation of therapeutic resources. Finally, we
also found the correlation between BPD and PTSD. The childhood traumatic experiences have been shown to
associate with BPD*. It might explain why the patient with BPD was vulnerable to the subsequent development
of PTSD in this study.

Limitations. It is worth considering a few limitations in the current study. First, some further factors related
to the development of PTSD might not have been considered in our study, such as previous experience of trauma
and personality traits. Furthermore, the later PTSD diagnosis could not be differentiated as the same or new
course with the prior one. Therefore, previous history of PTSD was not included as a risk factor for incident case.

Second, the data used in the current study are limited to subjects attending the community-based inte-
grated screening program. Whether PTSD cases identified in the screened cohort are generalizable to those in a
non-screened cohort is unclear.
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Male 0.57 0.41 0.79 0.0009 0.70 | 0.47 | 1.05 0.0805
Gender

Female 1.00 1.00
Age (Mean (SD) year 0.97 0.96 0.98 <0.0001 | 0.97 | 0.95 | 0.98 | <0.0001

Low 0.48 0.29 0.79 0.0152 0.54 | 0.32 | 0.90 0.0641
Education Medium 0.75 | 0.53 | 1.06 0.78 | 0.54 | 1.12

High 1.00 1.00

Single 131 | 0.84 | 2.04 0.4690
Marriage Married 1.00

Widow 1.07 0.69 1.66

No 1.00 0.1042 1.00 0.0513
Smoking

Yes 0.69 0.45 1.08 0.64 | 0.40 | 1.00

No 1.00 0.0500
Drinking

Yes 0.63 0.39 1.00

No 1.00 0.0140 1.00 0.0675
Cancer

Yes 1.81 1.13 2.90 1.57 | 097 | 2.52

No 1.00 0.0239
Diabetes

Yes 1.52 1.06 2.18

No 1.00 0.0046
Hypertension

Yes 1.68 1.18 242

No 1.00 0.0028
CVA

Yes 2.06 1.28 3.30

No 1.00 <0.0001 1.00 0.0345
CVD

Yes 2.14 1.56 2.96 1.45 | 1.03 | 2.04

No 1.00 0.5024
MetS

Yes 0.84 | 0.51 1.39

No 1.00 <0.0001 1.00 <0.0001
MDD

Yes 8.57 | 6.34 | 11.60 7.03 | 5.02 | 9.85

No 1.00 0.0004
ANX

Yes 3.04 1.65 5.60

No 1.00 0.0011
SUD

Yes 391 1.73 8.84

No 1.00 <0.0001 1.00 0.0291
BPD

Yes 10.08 | 7.55 13.46 1.86 | 1.07 | 3.24

Table 3. Estimated hazard ratios of demographic and clinical characteristics for incident PTSD by
proportional hazards regression model. *1 Hazard ratios of education, marriage, smoking, drinking, physical
illnesses, and mental disorders were adjusted by age and gender. 2 Education: Elementary schools or below
(low); High school (medium); University (high). 3 HR, hazard ratio; aHR, adjusted hazard ratio. 4 CVA:
cerebrovascular accidents; CVD: cardiovascular diseases; MetS: metabolic syndrome; SUD: substances use
disorders; MDD: major depressive disorders; ANX: anxiety disorders; BPD: bipolar disorders.

Third, PTSD cases had to have been treated or diagnosed in a clinical setting in order to be in the NHID.
This study likely underestimated the true number of PTSD cases, as many people might not seek care and go
undiagnosed.

Clinical Implications. Our findings are consistent with the concept that subjects with CVD or affective dis-
orders (both unipolar and bipolar disorders) may represent a high risk group for developing PTSD in the com-
munity. Traumatized people are far more likely to visit primary care physicians than mental health professionals
to seek help for physical discomfort and mental symptoms. Therefore, general practitioners will play an important
role in identifying and treating PTSD*,
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