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The Buffalo Cardio-Metabolic Occupational Police Stress (BCOPS)
Pilot Study: Methods and Participant Characteristics
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PURPOSE: The Buffalo Cardio-Metabolic Occupational Police Stress (BCOPS) study is one of the first
population-based studies to integrate psychological, physiological, and subclinical measures of stress,
disease, and mental dysfunction. This pilot study was undertaken to establish a methodology and descriptive
results for a larger police study.

METHODS: A stratified sample of 100 officers was randomly selected from the Buffalo, NY Police
Department. Salivary cortisol served as a stress biomarker. Flow mediated dilation (FMD) and carotid
intima-media thickness (IMT) were performed with ultrasound. Dual Energy X-Ray Absorptiometry
(DEXA) and anthropometric measures assessed body composition. Self-report measures of depression and
posttraumatic stress disorder (PTSD) were obtained.

RESULTS: Recruitment attained for the study was 100%. Seventy-five percent showed a cortisol increase
upon awakening, 90% a negative diurnal slope, and 77% an increased cortisol response after a high protein
lunch challenge. Dexamethasone suppression was evident. FMD showed an increase in mean brachial
artery diameter of 3.2% in men and 3.9% in women, and mean IMT was lower (male = 0.67 mm; female =
0.62 mm) compared to populations of similar age. For males, the mean body-mass index (BMI) was 29.8 kg/
m? and total body fat 23.4%. For females, the mean BMI was 26.7 kg/m* and total body fat 31.5%. For all
officers, 16% met criteria for depression; 36% reported elevated PTSD symptoms.

CONCLUSIONS: Compared to populations of similar age, police officers had slightly lower FMD, lower
carotid IMT, elevated BMI, and higher reported rates of depression and PTSD. Standardized physiological
and psychological data collection and descriptive results confirmed that the methodology of the study is

feasible in a working police population.
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INTRODUCTION

Stress may be described as a process whereby environmental
stimuli place an undue strain on a human being resulting in
psychological and physiological changes that increase the
risk for disease (1). The most commonly studied physiolog-
ical systems that respond to stress are the hypothalamic—
pituitary—adrenal axis (HPA) and the autonomic nervous
system. The severity and impact of the stress response may
be viewed by gauging physiological disruption and dysregu-
lation of these systems in terms of “allostatic load,” which
refers to the wear-and-tear that the body experiences due to
repeated cycles of stress (2-9).

Police work is a psychologically stressful occupation and,
as a consequence, officers may have an increased risk for
diseases associated with stress (10-20). Examples of stressful
police encounters are involvement in shootings, witnessing
violence and familial abuse, and handling dead bodies. Such
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Selected Abbreviations and Acronyms

BCOPS = Buffalo Cardio-Metabolic Occupational Police Stress study
BMI = body mass index

BSI = brief symptom inventory

CES—D = Center for Epidemiological Studies Depression scale
CHD = coronary heart disease

IMT = intima-media thickness

CVD = cardiovascular disease

DEXA = dual energy X-ray absorptiometry

FMD = flow mediated dilation

HPA = hypothalamic—pituitary-adrenal system

IES = impact of event scale

PTSD = post traumatic stress disorder

events may also leave officers susceptible to PTSD, an acute
form of stress related to traumatic event exposure (21-32).
The potential long term effects of PTSD may additionally
lead to behavioral dysfunction, such as substance abuse,
relationship difficulties, aggressive behaviors, and suicide
(33-36).

Psychological stress has been identified as a possible
factor in the etiology of heart disease (37-39), and recent
mortality studies indicate an elevated risk of atherosclerotic
heart disease in police officers (10-12). Other studies have
found that a substantial number of officers were at elevated
risk for atherosclerotic heart disease; 22% were smokers,
76% had elevated cholesterol, 26% had elevated triglycer-
ides, and 60% elevated body fat composition (14-16).
Public safety officers had a higher probability of developing
coronary heart disease (CHD) than did the Framingham
study population (14). A 22-year follow-up study of 970
Helsinki police officers found an association between
hyperinsulinemia and increased CHD risk in police officers
independent of other risk factors (17).

[t is suggested that stress may lead to disease as a result of
abnormal cortisol secretion patterns due to frequent or
persistent challenges of the HPA axis. In chronic stress, this
pattern may change so that levels of cortisol are not elevated
upon awakening, and/or fail to return to baseline within
a period of several hours. Evidence now suggests that
a pathological HPA axis (i.e., low variability, poor challenge
responses, poor suppression by dexamethasone) has a major
impact on how the other risk factors for cardiovascular
disease (CVD), type II diabetes and stroke cluster (41-43).

The Buffalo Cardio-Metabolic Occupational Police
Stress (BCOPS) pilot study was conducted to establish
a working methodology, protocol, and design for the first
ever population-based stress study that would identify
preliminary descriptive patterns of response concerning
biomarkers of stress, subclinical CVD, body composition
indicators, and associated psychosocial factors in the high
stress occupation of police work.

RESEARCH DESIGN
Selection of Police Sample

The Buffalo, New York Police Department, a midsized urban
police force, was the selected sample site. A random sample
stratified on gender (n = 100) was generated from all police
officers in the department (42 females, 58 males) using
a computer-generated random number table. No specific
inclusion criteria were used for the study, other than that the
participant would be a sworn police officer and willing to
participate in the study. However, eligibility criteria for two
ultrasound procedures involving the brachial and carotid
arteries were identified. Participant officers must have had no
prior history of mastectomy, removal of lymph nodes,
Raynaud’s syndrome, diabetes with insulin pump, kidney
dialysis, use of blood thinners, high doses of aspirin, and any
other heart condition or circulatory disorder for the brachial
ultrasound, and for carotid ultrasound, they had to be free of
a history of heart attack, stroke, bypass surgery, carotid artery
endarterectomy, transient ischemic attack, or physician-
diagnosed CHD. The Center for Preventive Medicine, State
University of New York at Buffalo, School of Public Health
and Health Professions, Buffalo, N.Y., served as the data
collection site. This center has been used in numerous
epidemiological studies in the past, and observers are well
trained in health data collection processes. Quality control
of data at this facility includes daily use of a detailed manual-
of-operations for all procedures, systemic training of the staff,
monitoring of the lab internal control with internal stand-
ards, and periodic testing and maintenance of instruments.

MEASURES
Salivary Cortisol as a Biomarker for Stress

The HPA axis of a healthy individual would be described as
having a high degree of variation with a morning peak and
an evening nadir and appropriate response to challenge
(e.g., physiological or psychological stressors; dexametha-
sone suppression). Recent evidence has indicated that
changes in cortisol secretion in response to a standardized
high protein meal might be used to assess the state of the
HPA axis. A high protein meal challenge provokes an
approximate 2—4 fold increase in healthy adult males and
females when given at midday (41-43). Utilizing this
methodology, salivary cortisol patterns were measured with
a standardized protein meal challenge (65 grams of protein
in the form of a shake) and a dexamethasone (0.5 mg)
suppression test orally self-administered on the second
evening after the clinic visit. Subjects were required to
ingest the protein shake over a 20-minute period to better
simulate the actual eating of a meal. A baseline saliva tube
sample (Sarstedt Aktiengesellschaft & Company, Numbrecht,
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Germany) designed to yield approximately 0.7 ml of saliva
was taken at the clinic followed by the protein cortisol
challenge and four additional saliva samples at fifteen
minute intervals. Officers were then provided eight
additional saliva sample tubules and the dexamethasone
tablet for off-clinic-site saliva testing of awakening, diurnal,
and dexamethasone suppression testing of cortisol over a 2-
day period. Table 1 illustrates the saliva collection and
cortisol challenge protocol.

Subclinical Cardiovascular Disease

Brachial reactivity. High resolution B-mode ultra-
sound was used to evaluate several subclinical CVD markers.
Endothelial function was measured by changes in the
diameter of the brachial artery due to increased blood flow
induced by inflation and then deflation of a pressure cuff on
the forearm. The cuff was inflated for a period of 4 minutes
and released. Indicators of brachial reactivity represent
useful composite measures of overall vascular status (44).
The scans were read at Wake Forest Ultrasound Reading
Center, Wake Forest University, Winston-Salem, NC
Mandated quality control policy of the Wake Forest Center
is to select four representative scans and have each reader
select and store 40 frames from each of these scans. These
images provide the basis for comparing mean diameter
blinded measurements from the same image by different
readers (interreader reliability). The above process is then
repeated using four different representative scans selected
by each reader. Comparisons must meet a criteria level
of < 1.5% coefficient of variation.

The overall concept was to observe changes in the artery
diameter following the use of an occlusive pressure on the

TABLE 1. Saliva cortisol sample timing, BCOPS study,
2001-2003

Approximate
Sample time or time
number  Day related event

Challenge status
or timed sample

1 1 11:10 am Before protein drink
2 1 11:20-12:30 15 minutes after protein shake
3 1 11:20-12:30 30 minutes after protein shake
4 1 11:20-12:30 45 minutes after protein shake
5 1 11:20-12:30 60 minutes after protein shake
6 2 Waking First waking sample
7 2 Waking 15 minutes after waking
8 2 Waking 30 minutes after waking
9 2 Waking 45 minutes after waking
10 2 Lunchtime Immediately before eating
midday meal
11 2 Dinnertime Immediately before eating
evening meal
12 2 Bedtime Before bedtime and before taking
dexamethasone tablet
13 3 Waking Post dexamethasone waking sample
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artery which causes reactive hyperemia in the vessel and
arterial dilation upon deflation of the cuff (45-48). Flow—
mediated dilation (FMD) assesses endothelium-dependent
reactivity of the artery. Measures of vasodilatory responses
obtained using brachial artery reactivity studies were the
maximal diameter of the artery during the period of
deflation, percentage change in arterial diameter compared
to baseline diameter, time to maximal (peak) diameter, and
the area under the dilation curve. A continuous scan was
employed, as this method maintains the probe at the same
location and angle of interrogation throughout the scan
without being removed from the skin surface.

Carotid intima-media thickness. Carotid artery in-
tima-media thickness (IMT) has been demonstrated to be
a useful tool in predicting CVD outcomes, clinical coronary
outcomes, and in monitoring the progression of arterial wall
thickness over time (49-55). The locations along the artery
that are primarily studied are the common carotid at the
bifurcation of the artery into the internal and external
carotid, and the internal carotid artery (found to be
a common site for the occurrence of lesions and atheroscle-
rotic plaque). Measurements are generally taken in 1 cm
segments from the tip of the flow-divider at the bifurcation
of the carotid artery whereby measures of the 1 cm of
common carotid prior to the bifurcation, the 1 cm of the
bifurcation, and 1 cm of the internal carotid are obtained.
Median IMT values are in the range of 0.4—1.0 mm (55, 56).
Carotid IMT was measured with B-mode ultrasound and
included vessel interfaces, wall thicknesses, vessel width,
and regularity of surfaces. Images of brachial reactivity and
carotid IMT were recorded on high resolution video tapes
for interpretation. Readers were blinded to specific hypoth-
eses and characteristics of the study population.

Orthostatic hypotension. Blood pressure and pulse
rate were measured at rest, while supine, and then after the
participant was moved from a supine to a standing position.
These measures were repeated at 1-, 3-, and 5-minute
intervals. A decrease of 20 mm Hg or more in systolic or
10 mm Hg or more in diastolic blood pressure upon standing
is a commonly used diagnostic criterion for this test (57).

Body Composition

Body composition testing was performed with a Dual Energy
X-Ray Absorptiometry (DEXA) device. Assessment of total
body skeletal density and body composition (distribution of
fat and lean tissue) was performed overall and at several
locations. In addition, weight and height were measured and
body mass index (BMI) was calculated as kg per meter
squared.
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Psychosocial Measures

The Center for Epidemiological Studies Depression scale
(CES-D) was used as a measure of psychological distress and
depression in officers (58). The CES-D is a 20-item scale,
with responses for each question ranging from “rarely” to
“most of the time.” This instrument is primarily for
measuring depressive symtpomatology and has been shown
to reliably measure stress. The Impact of Event scale (IES)
measures stress related to traumatic events (59) and was used
to detect psychological symptoms of PTSD. The Police
Incident Survey contained a list of traumatic situations
usually found in police work and included items such as
involvement in shootings, observing dead bodies, working
with abused children, and witnessing crime victims and
human misery. Participants were asked the number of times
they had experienced each of these events at work over the
past year.

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 is a voluntary one, and that they
are 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’s Internal
Review Board and the National Institute for Occupational
Safety and Health Human Subjects Review Board.

STATISTICAL ANALYSIS

Simple descriptive measures were calculated including
means and standard deviations for normally distributed
continuous variables, and medians and percentiles for those
that were not normally distributed. Prevalence of certain
discrete or categorical characteristics was also determined.
Cortisol responses to several challenges were calculated as
simple differences except for the diurnal cortisol pattern
where linear regression was used to determine slopes based
on each participant’s second day cortisol samples. All results
were stratified by gender. SAS version 8.2 was used for

analysis (SAS Institute, Inc., Cary, NC).

RESULTS

Of the 100 randomly selected officers who were invited to
participate, 100% agreed to and completed the pilot
examination. Demographic characteristics of the partici-
pants in the sample are provided in Table 2 by gender.
Nearly half of the sample were between 40-49 years of age
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(mean = 44 years), 19% were African- American, and 42%
were women due to their oversampling, a majority were
married and had the rank of patrol officer. Nearly 50% of
police officers in the sample had served at least 15 years in
the department (Table 2 ).

Approximately 64% of participants provided all 13 saliva
samples, including on and off site testing. Salivary cortisol
levels in men, women and all participants combined
(Table 3 ) showed responses to the provocation challenges
and expected awakening and diurnal responses. Some
gender differences were also evident, with men having
slightly higher median cortisol levels than women. A total
of 66 of 96 participants (77%) showed an increased cortisol
response to a high protein challenge, with median levels
increasing to a greater extent in women than in men,
followed by a slight reduction over the 60-minute period.
Upon awakening 75% showed a cortisol increase; the
proportion showing an increase was more commonly found
in women (89%) than in men (65%). Similarly, the increase
in median cortisol levels was greater in women (8.7 to 15.1

nmol/L) than in men (12.8 to 13.4 nmol/L). Nearly 90%

TABLE 2. Demographic characteristics by gender,
BCOPS study, 2001-2003

Men Women Total
(N=58) (N=42) (N=100)

Characteristic N % N % N %
Age group

< 40 years 20 34.5 9 214 29 29.0

40-49 years 19 328 26 61.9 45 45.0

50 + years 19 32.8 1 16.7 26 26.0
Ethnicity

Hispanic-American 5 8.6 0 0.0 5 5.0

African-American 9 15.5 10 23.8 19 19.0

European-American 44 75.9 32 76.2 76 76.0
Education*

Less than 12 years 1 1.7 0 0.0 1 1.0

High School/GED 8 13.8 7 16.7 15 15.0

College < 4 years 17 293 12 28.6 29 29.0

College 4 + years 32 55.2 23 54.8 55 55.0
Marital status*

Single 10 17.2 10 23.8 20 20.0
Married 43 74.1 22 52.4 65 65.0
Divorced 5 8.6 10 23.8 15 15.0
Years served*
1-5 years 11 19.0 8 19.0 19 19.0
6-10 years 6 10.3 6 143 12 12.0
11-15 years 12 20.7 11 26.2 23 23.0
15+ years 29 50.0 17 40.5 46 46.0
Rank*
Police officer 27 46.6 24 57.1 51 51.0
Sergeant/ lieutenant 9 15.5 6 14.3 15 15.0
Captain 6 10.3 2 4.8 8 8.0
Detective 11 19.0 4 9.5 15 15.0
Other 5 8.6 6 143 11 11.0

*Assessed during previous visit (years 1999-2000).
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TABLE 3. Salivary cortisol levels and characteristics by time of sample and gender, Buffalo Police Pilot Health Study, 2001-2003

Men (N=55) Women (N=41) Total (N=96)
Cortisol Percentile Percentile Percentile
Samples N Median (25%,75™) N Median (25", 75") N Median (25", 75™)
Day one
Before protein shake 52 7.5 (4.2, 13.3) 35 4.2 (3.2,5.7) 87 5.4 (3.4,9.2)
15 min after shake 52 7.2 (5.0, 15.0) 37 5.1 (3.5,6.3) 89 6.1 (4.1,10.1)
30 min after shake 52 7.6 (4.6, 12.9) 36 5.7 (4.2,7.6) 88 6.2 (4.3,10.1)
45 min after shake 50 6.6 (4.2, 10.9) 35 4.7 (3.4,7.3) 85 5.8 (3.9,9.3)
60 min after shake 51 5.4 (3.9,10.4) 34 5.1 (3.8, 8.0) 85 5.2 (3.9, 8.6)
Day two
At wakening 51 12.8 (8.3, 19.0) 35 8.7 (6.1,12.8) 86 11.1 (7.3, 18.0)
15 min after waking 49 134 (8.1, 24.3) 33 11.6 (7.4, 18.3) 82 13.0 (7.9,21.4)
30 min after waking 49 10.6 (6.4,21.2) 39 15.1 (9.6, 22.0) 88 13.4 (7.9, 21.6)
45 min after waking 51 10.9 (6.3, 18.5) 37 14.8 (9.0, 22.9) 88 13.0 (6.8, 20.3)
Before lunch 52 6.8 (3.6, 10.9) 37 5.5 (2.7,84) 89 6.2 (3.5,10.1)
Before dinner 49 3.6 (1.9,5.2) 39 2.7 (1.6,5.1) 88 3.4 (1.8,5.2)
Before bedtime & 50 1.4 (0.6,3.2) 39 1.8 (1.2,6.1) 89 1.7 (0.9,3.7)
Dexamethasone
Day three
At wakening after 47 1.4 (0.5,4.3) 35 1.7 (1.0, 2.8) 82 1.5 (0.7, 3.8)
Dexamethasone

Cortisol values expressed as nmol/L.

demonstrated a negative diurnal slope with median levels
decreasing from 11.1 nmol/L on awakening to 1.7 nmol/L
before bedtime. Notable dexamethasone suppression was
evident in the 82 participants whose median cortisol level
on awakening was 1.5 nmol/L, a level similar to the median
before bedtime (1.7 nmol/L) for 89 participants.

Mean levels and percentages of anthropometric and
subclinical CVD measures are provided for male and female
police officers in Table 4 . Mean BMI was 29.8 kg/m? for men
and 26.7 kg/m2 for women, while total body fat was 23.4%
for men and 31.5% for women. Although whole body-bone
density was similar for men and women, mean total lean
body mass was greater in men (69.9 kg) than in women
(49.1 kg). Mean systolic and diastolic blood pressure were
somewhat higher in men than in women. Mean heart rate
and diastolic blood pressure increased by approximately 10
beats per minute and 5 mm Hg respectively with standing.
Orthostatic hypotension was rare with only one male officer
meeting the criteria. Of the 100 participants, 81 of the
brachial scans were of sufficient quality to read, 13 were
insufficient, and six participants were ineligible for scans due
to proscribed medical reasons. Mean brachial artery di-
ameter increased from 4.97 mm to 5.13 mm (3.2%) in men
and 3.72 mm to 3.87 mm (3.9%) for women. Mean carotid
IMT was 0.67 mm in men and 0.62 mm in women officers.

Table 5 presents a summary of psychosocial measures by
gender. Mean scores of distress and depression (CES-D) and
impact of traumatic events (IES) were higher for women
officers. Mean levels of depression were higher for women
officers than for men (9.79 vs. 7.93). Mean scores on IES
subscales of intrusiveness of thoughts and avoidance were

slightly higher for women than men officers. Men and
women officers had similar scores in terms of trauma
symptom severity. On average, male officers reported
experiencing more traumatic events at work (4.67 events
vs. 3.44 events over the last year in men and women,
respectively).

DISCUSSION

The BCOPS study is one of the first population-based studies
to integrate psychological, physiological and subclinical
pathology measures of stress, disease, and mental dysfunc-
tion. Descriptive results from the present pilot study
reinforced the use of its design and methodology for
a planned larger BCOPS project.

We were successful in obtaining a working sample of
police officers, as 100% of the generated stratified random
sample who were invited participated in the study. This
demonstrates that we have a motivated and willing
population with which to conduct a large-scale population
based study involving this police department. Our data were
successfully obtained from reliable, standardized, and quality
controlled measures widely used in clinical and epidemio-
logic research.

Brachial artery FMD in this police sample showed
an increase from 4.97 mm to 5.13 mm (3.2%) in men and
3.72 mm to 3.87 mm (3.9%) in women. Other studies have
shown FMD increases in healthy individuals from 2.4% to
7.01% and have attempted to establish a cutoff value of
4.5% or below to identify the presence of endothelial
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TABLE 4. Anthropometric and cardiovascular characteristics by gender, Buffalo Police Pilot Health Study, 2001-2003

Men (N=58) Women (N=42) Total (N=100)

Characteristic N Mean + SD N Mean + SD N Mean + SD
Age (years) 58 44.0 + 8.7 42 44.0 £ 5.7 100 440+ 7.6
Height (cm) 58 178.8 + 9.5 42 166.3 + 5.9 100 173.5 + 10.2
Weight (kg) 58 94.5 + 14.2 42 73.8 = 14.6 100 85.8 £ 17.6
BMI (kg/m?) 58 29.8 + 5.8 42 26.7 £ 5.0 100 285 + 5.7
Total body fat (%)* 56 234+ 54 42 315 + 64 98 269 + 7.1
Whole body bone mineral 56 1.3 +£0.1 42 1.2 £ 0.1 98 1.2 £ 0.1

density, g/em®®
Total lean body mass, kg* 56 69.9 +6.7 42 49.1 +6.5 98 61.0 £12.2
Resting heart rate (beat/min) 58 59.2 + 8.3 42 63.0 £ 7.9 100 60.8 + 8.2
Systolic BP (mm Hg) 58 122.6 + 14.9 42 112.6 + 12.6 100 1184 + 14.8
Diastolic BP (mm Hg) 58 81.2 + 104 42 73.0 + 8.0 100 77.8 £ 10.3
Postural change

Heart rate (beat/min) 58 94+ 54 42 103 + 6.6 100 9.8 + 6.0

Systolic BP (mm Hg) 58 1.2+71 42 0.6 + 64 100 1.0 + 6.8

Diastolic BP (mm Hg) 58 48 £ 5.5 42 42 +5.0 100 45+53
Orthostatic hypotension (%) 58 1.7 42 0.0 100 1.0
Brachial artery diameter

Baseline (mm) 46 492 + 0.54 35 3.71 £ 0.49 81 4.40 + 0.79

Pre-cuff release (mm) 46 4.97 + 0.54 35 3.72 £ 0.51 81 4.40 + 0.82

Maximum post-cuff 46 5.13 + 0.53 35 3.87 + 0.51 81 4.58 + 0.81

release (mm)?
Carotid IMT (mm) 51 0.67 + 0.12 42 0.62 + 0.09 93 0.64 + 0.10

BMI, body mass index; BP, blood pressure; IMT, intimal-medial thickness.

“Measured by Dual Energy X-Ray Absorptiometry (DEXA).

PPostural change in heart rate, systolic BP, and diastolic BP were determined by subtracting the supine from the standing measures at 3 minutes after standing.
“Orthostatic hypotension defined as reduction in systolic BP of = 20 mm Hg or in diastolic BP of = 10 mm Hg within 3 minutes of standing.

Estimated from a nonparametric model of each subjects brachial curve.

dysfunction (46), however, such dilation levels are presently
a matter of debate (71-74).

Although BMI measures among all officers (28.5 kg/m?)
were on average above the 25 kg/m’ conventional
definition for “overweight,” this convention does not take
into account significant biological differences in adipose
distribution between males and females. In addition, it is

possible that the elevated BMI in police officers could
represent increased muscle mass due to strength training,
which may occur to a greater extent in this occupation than
in the general population. Based on this convention, other
police studies which demonstrate 83% of officers being
“overweight” compared to 71% of the general population
may be misleading as to potential risk for metabolic and

TABLE 5. Summary of psychosocial measures by gender. BCOPS study, 2001-2003

Men (N=58) Women (N=42) Total (N=100)
Variable N Mean + SD N Mean + SD N Mean + SD
CES-D score (0-60)* 58 7.93 + 6.56 41 9.79 + 8.93 99 8.70 + 7.64
Impact of events score (0-75)° 58 19.67 £+ 15.09 41 23.29 + 13.94 99 21.17 £+ 14.66
Intrusive subscale score (0-35) 58 9.02 + 8.33 41 11.51 + 7.84 99 10.05 + 8.18
Avoidance subscale score (0-40) 58 10.66 + 7.94 41 11.78 + 7.84 99 11.12 + 7.88
Level of symptoms from impact of events
Subclinical (0-8) 18 (31.0%) 8 (19.5%) 26 (26.3%)
Mild (9-25) 20 (34.5%) 18 (43.9%) 38 (38.4%)
Moderate (26-43) 15 (25.9%) 10 (24.4%) 25 (25.3%)
Severe (44-75) 5 (8.6%) 5(12.2%) 10 (10.1%)
Police incident score (0-9)¢ 58 4.67 + 2.38 41 3.44 + 2.46 99 4.16 + 2.48

“Consists of the sum of 20 items from the CES-D scale, with higher scores indicating major depressive disorder.
Consists of the sum of 15 items from the Impact of Event Scale, with higher scores indicating the intensity of post-traumatic stress symtomatology.
“Consists of the sum of 9 items from the Police Work Traumatic Incident Survey.
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cardiovascular subclinical disease (14,15). The BCOPS
study is well positioned to address the relative merits of
using BMI compared to direct measurements of adiposity,
bone mass, and lean body mass—for men and for women.
Public safety officers had a higher probability of developing
CHD than did the Framingham study population (14-17).
Interestingly, atherosclerotic heart disease rates were
higher in officers with fewer years of service (11). This
is infrequently the case in healthy worker populations like
the police (40). This has been found only in mortality
cohorts, and limited information is available on lifestyles
and work exposures. However, previous literature dem-
onstrates that police officers are immediately and
continuously exposed to considerable stress and traumatic
events in their work, as well as shift work, poor diet, and
poor exercise habits (14,15). These could be precipitating
factors for cardiovascular disease (39).

Mean carotid IMT for the total police sample was 0.64
mm. Cross-sectional analysis from the Atherosclerosis Risk
in Communities (ARIC) study suggests that age related
increase in wall thickness averages approximately 0.010 per
year (48). Findings from the ARIC study data 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). ARIC data from 1987-1995 also suggested that
a mean IMT of 0.8-1.0 mm posed at least a twofold greater
risk of subsequent ischemic stroke (75).

A recent review on IMT measurements 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. A progression
rate of IMT of 0.034 mm per year or greater increased the
risk of future events significantly (55). 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 (60-62).

A recent study of PTSD in police officers found that 25%
of officers who scored more than 20 on the IES left the force
within one year (26). 35% of officers in our sample scored
over 25 on the IES, with approximately 73% reporting at
least some level of PTSD symptomatology. Biological
changes in physiological reactivity may occur as a result of
traumatic exposure, and trauma may impact allostatic load.
In particular, urinary and plasma-cortisol levels are
considerably lower in PTSD patients than in non-PTSD
trauma survivors and normal controls. The reduction in
cortisol levels results from an enhanced negative feedback
by cortisol, which is secondary to an increased sensitivity of
receptors in target tissues (63-67).

The CES-D scale included components of depression
such as depressed mood, feelings of guilt, helplessness, loss of
appetite, and sleep disturbance. Approximately 16% of the
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officers scored at or above a critical level of depression as
defined by this measure (mean score of 16.0 or greater) (58).

Salivary cortisol levels in men, women, and all
participants combined in our police sample (Table 3)
showed responses to provocation challenges with awakening
and diurnal responses. In a review of awakening cortisol
response studies, increases upon awakening ranged from
50%-156%, with a mean increase of 91% (68), which
represent a somewhat greater magnitude of increase than in
our police sample (21%). The magnitude of dexamethasone
suppression observed in this study was similar to that of
other studies (41, 42, 67).

The primary limitations of this pilot study are the
relatively small sample size of 100 officers and the
uniqueness of the occupational population under study.
Although police officers may not be representative of the
population at large, findings from this study may be
generalizable to other police officers and perhaps to similar
occupational groups. In addition, choice of the police
occupation offers an excellent opportunity to study
a population continuously exposed to chronic and acute
stress. This population represents a large occupational group
of approximately 708,000 sworn police officers in the United
States (69). The assessment of subclinical CVD and
biological markers of stress at a single point in time provides
descriptive health-related characteristics of a midsized city
police department. Larger prospective studies are presently
being planned to assess such markers over time and
differential exposures to other psychosocial conditions
such as prior life stressors, depression, and coping skills.

The strengths of this study are the availability of several
subclinical CVD markers such as brachial and carotid IMT
data along with other risk factors and psychosocial measures
for this sample, the use of a standardized protocol, and high
response rates and cooperation in the study. Measures such
as cortisol biomarkers and standardized cortisol challenge
tests for stress may provide a more quantitative physiologic
measure than questionnaires and therefore circumvent the
potential problem of under reporting of stress or mis-
classification by participants. Stress biomarkers can also
facilitate a better understanding of change over time (70).

Overall, police officers showed a relatively low brachial
artery FMD and a lower carotid IMT compared to other
populations of similar mean ages. A moderate response to
cortisol provocation challenges, good awakening and
diurnal responses, and notable dexamethasone suppression
were observed. BMI levels were on average higher than
recommended body weight norms, although BMI may not
reflect differences in muscle mass or biological differences in
adipose distribution between males and females. Sixteen
percent of the police sample met the case criteria for
depression on the CES-D measure, and approximately 36%
reported moderate to high PTSD symptoms on the IES. This
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pilot project also demonstrated that collection of standard-
ized physiological and psychological data is feasible for
assessing associations involving cortisol, subclinical cardio-
vascular disease, body composition, and psychosocial
measures in a large police population.
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