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Data from the National Comorbidity Survey indicates that 60% of men
and 50% of women are exposed to a traumatic event at some time in their
lives (Kessler, Sonnega, Bromet, Hughes, & Nelson, 1995). Such exposure
may involve actual or threatened death, serious injury, threat to one’s
physical integrity, or witnessing such events occurring to other persons or
significant others. The essential feature of posttraumatic stress disorder
(PTSD) is the development of characteristic symptomatology, including
reexperiencing the event, avoidance of stimuli associated with the trauma,
numbing of general responsiveness, and symptoms of increased arousal
(American Psychiatric Association, 1994). The police occupation offers an
excellent opportunity to study a population exposed to traumatic events. In
number, the police population represents approximately 708,000 sworn of-
ficers in the United States alone (Reaves, 2002).

Selye (1984) recognized police work as one of the most stressful occu-
pations in the world. Officers may thus have an increased risk for disease in
this psychologically stressful occupation. Examples of traumatic occurrences
include shootings, physical assault, witnessing violence and familial abuse,
handling dead bodies, and disaster scenes such as on September 11, 2001
(Paton & Smith, 1996; Wilczak, 2002). Multiple exposures to such trauma
increase the risk for subsequent health problems and psychological disorders
and are related to increased symptoms of PTSD (Stephens, Long, & Flett,
1999). These high-risk situations can stimulate reinforcing physiological
excitatory states (Paton & Violanti, 1997).

POLICE AND CARDIOVASCULAR DISEASE

Mortality studies indicate an elevated risk of atherosclerotic heart disease
in police officers. Atherosclerotic heart disease, for example, has been found
to be higher in officers with fewer years of service, yet is infrequently found
in healthy worker populations (Violanti, Vena, & Petralia, 1998). Police
officers have been found to be at elevated risk for atherosclerotic heart
disease: 76% had elevated cholesterol; 26% had elevated triglycerides; and
60% elevated body fat composition (Franke, Cox, Schultz, & Anderson,
1997). Public safety officers had a higher probability of developing coronary
heart disease than did the Framingham study population (Franke et al., 1997).
A 22-year follow-up study of 970 Helsinki police officers found an associ-
ation between hyperinsulinemia and increased coronary heart disease risk in
police officers independent of other risk factors (Pyorala, Miettinen, Laakso,
& Pyorala, 1998).
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CARDIOVASCULAR DISEASE AND PTSD

PTSD may be a risk factor for cardiovascular problems, based on
evidence that links stress-induced cardiovascular reactivity with changes in
basal cardiovascular levels (Orr, Lasko, Shalev, & Pitman, 1995; Orr, Pit-
man, & Laskotterr, 1993). Recent studies describe a positive relationship
between PTSD and cardiovascular problems, including higher rates of an-
gina, lower cardiovascular effort tolerance on a treadmill test, and electro-
cardiogram abnormalities (Shalev, 1999). Evidence linking cardiovascular
disease (CVD) and exposure to trauma has been found across different
populations and stressor events. Military veterans diagnosed with PTSD, for
example, were significantly more likely to have had abnormal electrocardio-
graphic results, including a higher prevalence of myocardial (Q-wave) in-
farctions and atrioventricular conduction defects (Boscarino, 2004). Civilian
populations exposed to traumatic events also have reported increased car-
diovascular health problems (Buckley et al., 2004).

The present paper describes findings from the Buffalo Cardio-Metabolic
Occupational Police Stress (BCOPS) pilot study concerning the association
between PTSD symptoms and standardized measures of brachial artery
reactivity and carotid artery intima-media thickness (IMT) in police officers.

METHOD
Police Participants

The Buffalo, NY, Police Department, an urban police force of 934
officers, was the selected sample site. Details of the design and methods have
been reported previously (Violanti et al., 2006). A random sample stratified
on gender (n = 100) was generated from all police officers in the department
using a computer-generated random number table. No specific inclusion
criteria were used for the study, other than the participant would be a sworn
police officer and willing to participate in the study. Seven participants with
the following conditions were excluded from brachial ultrasound scanning:
Raynaud’s syndrome (rn = 2), prior myocardial infarction (n = 1), cardiac
pacemaker (n = 1), hypertension (n = 1), sprained wrist (n = 1), and patient
discomfort (n = 1). Among the remaining 93 participants, 12 additional
brachial scans were excluded since they were not of sufficient quality to be
read due to participant movement or poor tape recordings, leaving 81 par-
ticipants with adequate brachial scans. Carotid ultrasound exclusions in-
cluded one officer with a previous myocardial infarction, six with inadequate
scans due to anatomic reasons (e.g., increased carotid artery depth), and in
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one case the scan was of insufficient quality, leaving 93 participants with
valid carotid scans. One participant had missing PTSD data, yet complete
brachial and IMT data, and thus was excluded from most analyses. In sum,
77 officers had complete data for all three key measurements (PTSD, brachial
reactivity, and IMT).

Testing Site

The Center for Preventive Medicine, State University of New York at
Buffalo, School of Public Health and Health Professions, Buffalo, NY,
served as the data collection site. High resolution B-mode ultrasound using a
10-13 MHz transducer was used to evaluate flow-mediated dilation (FMD)
and IMT. Ultrasound participants were screened for smoking, use of alco-
holic and caffeinated beverages, and exercise six hours prior to ultrasound
testing. Testing took place in a guiet, temperature-controlled room. Partici-
pants were allowed to rest comfortably for a period of 10 minutes prior to
scanning and all were tested at approximately the same time of the day during
their clinic visit.

Brachial Reactivity

Brachial reactivity represents a useful composite measure of overall
vascular status (Vogel, 2001). The overall concept was to observe changes in
artery dilation following the use of occlusive pressure on the artery, which
causes reactive hyperemia in the vessel and dilation upon deflation of the
cuff. A blood pressure cuff was inflated at forearm level at a pressure of 40
mmHg above the participant’s resting systolic blood pressure (no higher than
230 mmHg) for a period of four minutes and rapidly released. Measures of
vasodilatory responses obtained were the maximal dilation of the artery
during the period of deflation and percentage change in arterial diameter
compared to baseline diameter. A continuous scan was employed to maintain
the probe at the same location and angle of interrogation throughout the scan
without being removed from the skin surface. The scans were read at Wake
Forest Ultrasound Reading Center, Wake Forest University, NC. Mandated
quality control protocol at the Wake Forest Center requires blind comparison
of four different representative scans selected by each reader and these
readings were required to meet a criteria level of <1.5% coefficient of
variation.
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norm group of previously diagnosed PTSD patients admitted for treatment,
M = 35.3; 85D = 17.2 (Beaton, 1999; Horowitz et al., 1979). A 0.50 standard
deviation from the mean defined trauma stress levels, since that variation
limit best distinguished those with mild and those with moderate or severe
reported trauma stress symptoms. The following levels of PTSD symptom-
atology were employed: 0—8 (subclinical); 9-25 (mild); 26—43 (moderate);
and =44 (severe). IES, FMD, and IMT data were collected from participants
during the same clinic visit.

Statistical Analysis

The sample distributions of PTSD, subclinical CVD, and covariates were
summarized using means and standard deviations for continuous variables
and percentages for categorical variables. Covariates including age, gender,
education level, cigarette smoking, and alcohol intake were also examined by
PTSD symptom severity. Hypertension status, diabetes status, total serum
cholesterol level, and cholesterol lowering medication were also assessed.
Unadjusted and adjusted mean brachial response and carotid IMT were
calculated using analysis of covariance models performed with Process
General Linear Models (PROC GLM) in Statistical Analysis Systems (SAS)
version 9.1. All categorical covariates were coded with zero/one indicator
variables and entered into the models as quantitative covariates. Age was
included in the model as a continuous variable. All significance tests and
reported p values were obtained using F' statistics from the analysis of
covariance (ANCOVA) models.

Informed Consent and Data Security

All participant officers in the study were informed of the purpose and
benefits of the project, the research methods to be used, the potential risks or
hazards of participation, and the right to ask for further information at any
time during the research procedure. They were further informed that their
choice to participate was a voluntary one, and they were free to withdraw
from the research project at any time. All phases, testing, and reports of the
study were approved by the State University of New York at Buffalo Internal
Review Board and the National Institute for Occupational Safety and Health
Human Subjects Review Board.















Police, PSTD, and Cardiovascular Disease 551

ANOVA results, this trend was attenuated (regression slope = —0.01; p = .71)
after adjustment for age, gender, education, smoking, and alcohol intake. No
significant differences were found in mean carotid and mean maximum IMT
(data not shown for mean maximum IMT) across PTSD symptom categories for
the unadjusted and covariate adjusted models.

DISCUSSION

A twofold relative percent change in brachial artery FMD as measured
from baseline to maximum dilation was observed between subclinical and
severe PTSD categories, with dilation being lowest in the severe PTSD
symptom category. Smaller but similar directional differences were noted
between subclinical and mild or moderate PTSD symptom categories. Co-
variate adjusted statistical models attenuated these differences slightly. What
is unique in the present study is that PTSD symptoms are modeled as a
gradient response and therefore can represent a clearer view of the associa-
tion of PTSD symptoms and cardiovascular outcome in police officers. The
group analysis preformed here allowed a conceptual threshold result, where
differing levels of PTSD symptoms may or may not have an impact on
differing levels of subclinical cardiovascular biomarkers. Impaired endothe-
lium-dependent artery regulation may lead to ischemia and possibly impaired
coronary blood flow during mental stress. Endothelium-dependent artery
regulation appears to be negatively influenced by reactivity to stress (Bult,
1996; Celermajer, Sorenson, Bull, Robinson, & Deanfield, 1994; Wenn-
malm, 1994).

Mean carotid IMT for this police sample was 0.65 mm. Both mean
carotid and mean maximum IMT measures showed no statistically significant
differences across categories of PTSD. The mean carotid IMT among police
officers was slightly lower compared with other large population-based
studies. Findings from the Atherosclerosis Risk in Communities (ARIC)
study show a mean thickness of 0.72 mm in participants without stroke
(baseline age 45—64 years), a population slightly older on average than the
present police sample (mean age = 44 years). A review on IMT measure-
ments in normal subjects found that the risk of first myocardial infarction
increases with an IMT of 0.82 mm or more and the risk of stroke with a mean
IMT of 0.75 mm or more. The median wall thickness for all ages in this
sample ranged from 0.5-1.0 mm. A study on younger healthy subjects (age
37 = 4 years) reported an average IMT thickness of 0.75 mm. Thus,
comparison with these previous studies suggests that our police sample was
somewhat less likely to have increased carotid thickness. However, prospec-
tive assessment of the rate of carotid IMT progression in relation to PTSD
symptoms may be important to consider in future studies.
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The risk for cardiovascular harm may be high in PTSD, where physio-
logical disruption is a common feature. Failure to engage or shut off stress
mediators such as cortisol is one example of such disruption. McEwen (2004)
terms this “allostatic load,” and it can produce wear and tear on the body and
precipitate disease. Previous research suggests that other factors may affect
the level of PTSD symptoms and subsequent health outcomes. Physiological
factors such as abnormally low basal cortisol levels may be associated with
the underlying pathology of PTSD. Besides the Hypothalamus-Pituitary
Adrenal (HPA) axis, the other major system that mediates stress, the sym-
pathetic nervous system, may also be dysregulated (Friedman & McEwen,
2004; Friedman & Schnourr, 1995; McEwen, 2004; Yehuda & McFarlane,
1997). Persons with PTSD show a greater sympathetic nervous system
response to situations resembling the traumatic event, including cardiovas-
cular, skin conductance, and electromyographic responses (Blanchard et al.,
1982, 1998; McEwen, 2004). Changes in behavior due to trauma such as
maladaptive coping (alcohol use, diet abuses, smoking) may also impact
health (Schnurr & Green, 2004; Yehuda, 2002).

The present findings may help to provide a starting point for further
inquiry into exposure to traumatic incidents at work and their association
with health outcomes in police officers. Very little work presently exists in
this area, The strengths of this study include the availability of standardized
measures of subclinical CVD markers such as brachial FMD and carotid IMT
along with other risk factors and psychosocial measures for this sample, the
use of a standardized protocol, and high response rates and cooperation.
Many previous studies of PTSD symptoms and health outcomes relied on
self-reported assessments of health or medical diagnostic categories and not
actual measures of cardiovascular artery function and structure (Schurr,
Friedman, & Bernardy, 2002; Schnurr & Green, 2004).

Although the cross-sectional design of this study precludes causal infer-
ences, the assessment of subclinical CVD at a single point in time provides
descriptive health and psychological characteristics of officers in a midsized
urban police department. In recent times, where the potential for PTSD has
increased due to major events such as 9/11 and hurricane Katrina, the need
for examination of objective health outcomes associated with PTSD becomes
even more important (Galea, Ahern, & Resnick, 2002). Additional prospec-
tive research with larger populations and standardized measures of cardio-
vascular health is anticipated.
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