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Is Job-Related Stress the Link Between Cardiovascular Disease and
the Law Enforcement Profession?

Warren D. Franke, PhD, Marian L. Kohut, PhD, Daniel W. Russell, PhD, Hye Lim Yoo, MS,
Panteleimon Ekkekakis, PhD, and Sandra P. Ramey, PhD

Objective: To determine whether job-related stress is associated with
alterations in pro- and anti-atherogenic inflammatory mediators among law
enforcement officers. Methods: Markers of vascular inflammation and the
self-reported stress measures of perceived stress, vital exhaustion, job strain,
effort-reward imbalance, and social support were compared between offi-
cers (N � 444) and non-officers (N � 166). Results: Officers had higher
levels of IL-1�, IL-6, IL-10, and TNF-� and lower levels of C-reactive
protein and fibrinogen. No more than 4% of the variability in any of the
inflammatory mediators was explained by any stress measure for either the
two groups or the entire sample. Conclusions: Law enforcement officers
may be at an increased risk for cardiovascular disease due to a relatively
greater pro-inflammatory vascular environment. However, this increased
risk cannot be attributed to either chronic stress or the work-related stress
measures assessed here.

Law enforcement officers have higher cardiovascular disease
(CVD)-related morbidity and mortality than the general popu-

lation.1–3 This increased mortality is frequently attributed to an
increased prevalence of CVD risk factors such as physical inactiv-
ity, hypercholesterolemia, hypertension, tobacco use, obesity, and
hyperinsulinemia.4,5 Because a significant number of individuals
have these risk factors,6 the effects of risk factors on CVD risk
among members of the law enforcement profession may simply
reflect characteristics of the general U.S. population rather than be
occupationally related. Cross-sectional and longitudinal compari-
sons suggest that CVD risk due to traditional risk factors is similar
among both groups.7 Thus, the greater prevalence of CVD among
officers cannot be readily explained by well-known risk factors.
Moreover, the association of CVD with duration in the law enforce-
ment profession is not explained by a disproportionate increase in
conventional risk factors.8,9

Most recent reviews agree that a relationship exists between
psychosocial stress and CVD.10,11 This is likely also true of law
enforcement officers. For example, a higher prevalence of CVD in
highly stressed officers was related to the duration of employment
but independent of age.8 The officers in the highest quintile of stress
were 2.5 times more likely to have been diagnosed with CVD than
officers in the lowest quintile. The unique and pronounced effects
of stress in policing are well recognized.12–14 Critical incident
stressors markedly affect perceived work stress,13,15 yet these are
typically acute, short-term stressors and mechanisms are frequently
present to assist the officer in handling this stress (eg, stress
debriefings). Nevertheless, chronic stressors are typically organiza-

tionally based and often ignored. It is likely that chronic stressors are
more injurious to officer health than these acute stressors. Chronic
stressors predict psychological distress, including posttraumatic stress
disorder, more strongly than cumulative exposure to critical incidents
among police.16 Thus, organizational factors have the strongest influ-
ence of all types of stressors in this population.13,17

CVD is increasingly recognized as an inflammatory disease.
Several inflammatory mediators are important contributors to
atherogenesis.18,19 Psychological stress can affect the balance of
pro- and anti-inflammatory mediators.20,21 These findings suggest a
possible mechanism underlying the increased prevalence of CVD in
law enforcement officers seen in the absence of marked elevations
in more traditional CVD risk factors—namely, officers have a
pro-inflammatory environment in the vasculature due to elevations
in stress. This hypothesis has yet to be tested. Therefore, the
purpose of the present investigation was to determine the extent to
which officers have a higher risk of CVD due to alterations in pro-
and anti-atherogenic inflammatory mediators that are associated
with job-related stress. More specifically, this study quantified the
levels of pro- and anti-atherogenic inflammatory mediators in law
enforcement officers and determined whether chronic job-related
stress was associated with these inflammatory mediators.

METHODS
This study was designed to compare the outcome measures

of interest in a sample of law enforcement officers to an otherwise
similar general population sample. These measures were inflam-
matory mediators (ie, C-reactive protein, fibrinogen, IL-1�, IL-4,
IL-6, IL-10, TNF-�), perceived stress, three measures of work-
related stress germane to law enforcement (ie, vital exhaustion, job
strain, effort-reward imbalance), a moderator of stress (ie, social
support), and potential confounding factors (ie, obesity, physical
activity, recent infections/illnesses, chronic aspirin ingestion, risk
for CVD via the Framingham Risk Score, and presence of the
metabolic syndrome).

Participants
Sworn officers of the Iowa Department of Public Safety were

invited to participate in this study as they underwent their annual
medical evaluation. Of these 531 officers, 466 (88%) agreed to
participate; 322 officers (69%) were members of the State Highway
Patrol and the remaining 144 officers were associated with either
the Division of Criminal Investigation, Division of Narcotics En-
forcement, or the State Fire Marshal’s office. The comparison
group consisted of subjects who were demographically and socio-
economically similar to the officers but not involved in law en-
forcement. The comparison group (n � 171) was recruited via four
methods. First, participating officers were asked to identify several
non-law enforcement friends who might be willing to participate in
the study. These nominees were contacted via telephone and asked to
participate. Second, employees of a local manufacturing plant were
informed of the study by company intranet and invited to participate.
Interested employees contacted the researchers directly. Third, and in
a similar manner, local professional firefighters were recruited. Finally,
participants recruited other subjects by word-of-mouth.
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Potential participants were screened and excluded from the
study if they reported having a history of CVD, recent surgery, or
any acute illness. Subjects were also excluded from the study if they
reported ingesting large quantities of either nonsteroidal anti-in-
flammatory medications or any glucocorticoids, had ever been
treated for an autoimmune disease, or if they provided incomplete
data. As part of this initial screening, tobacco use and current
medications were determined. Based on this screening, all partici-
pants were apparently healthy at the time of the study. Thus, 444
officers (22 females, 322 males) and 166 comparison participants
(34 females, 132 males) were included in the analyses.

Data Collection Procedures
Physiological Measures

Height was measured to the nearest 0.5 cm using a stadiom-
eter (Seca, Hanover, MD) whereas weight was assessed to the
nearest 0.1 kg on a digital scale (Befour, Inc, Saukville, WI) with
the participant wearing light clothing but no shoes. After 5 minutes
seated rest, blood pressure was measured twice with a mercury
sphygmomanometer. Venipuncture was used to obtain 30 mL of
blood after a 10 hour fast. Half of this blood sample was used for
assessment of lipids and glucose by a laboratory, which meets the
quality control standards of the U.S. CDC Lipid Standardization
Program (Quest Diagnostics, Wood Dale, IL). The remaining 15
mL of blood was allowed to clot for 2 hours with the resulting
serum frozen at �80°C for later analysis of inflammatory media-
tors. The latter consisted of pro-atherogenic IL-1�, IL-6, TNF-�,
C-reactive protein and fibrinogen, and anti-atherogenic IL-4 and
IL-10. High-sensitivity ELISA kits (Millipore, Billerica, MA) were
used. All samples were run in duplicate.

Psychological Measures
Stress was assessed using the Perceived Stress Scale (PSS).22

This 14-item scale measures the degree to which a person appraises
situations in his/her life as stressful although it does not indicate the
source of stress. Cronbach � for the PSS was 0.75.23

Three distinct forms of stress, felt to be relevant to the law
enforcement profession, were also assessed. These were job strain,
vital exhaustion, and effort-reward imbalance. Job strain occurs in
situations where high psychological demands and low control, or
decision latitude, occur simultaneously. It was assessed using the
Job Content Questionnaire developed by Karasek et al.24 A 25-item
modified version included the following scales: a) decision latitude,
also described as job control, which is divided further into decision
authority and skill discretion, b) psychological demands, and c)
job-related social support. This version was developed by Bosma et
al25 and used in the Whitehall II study. Bosma et al25 reported
Cronbach � to be 0.84 for the decision latitude and psychological
demands as a combined 15-item measure of job control, and 0.67
for job-related social support.

Vital exhaustion characterizes feelings of excessive fatigue
or lack of energy, irritability, and demoralization, usually attributed
to overwork or problems at work. It was assessed using a 9-item
version of Form B of the Maastricht Questionnaire developed by
Appels26 and modified by Kopp et al.27 Cronbach � for the 9-item
version was 0.83, and the modified scale correlated strongly with
the original 21-item version (r � 0.93).

Effort-reward imbalance was determined using a 17-item
scale,28 which assessed intrinsic effort or “overcommitment,” ex-
trinsic effort, and rewards. Intrinsic effort was assessed by items
that tap a) need for approval, b) competitiveness and latent hostility,
c) impatience and disproportionate irritability, and d) inability to
withdraw from work obligations. Extrinsic effort was assessed by
items that tap a) the frequency of being stressed by time pressure,
b) responsibility, c) overtime work, and d) increasing responsibility.

Rewards were assessed by a) perceived esteem by colleagues and
superiors, b) the lack of job insecurity, and c) the lack of undesir-
able job changes.

Finally, social support may affect the relationship between
job-related stress and inflammatory mediators. It was assessed
using the 24-item version of the Social Provisions Scale.29 This
scale has been associated with psychological and physical health
outcomes in other groups, which serve the public, such as nurses.30

It provides a global index of social support based on the subscales
of attachment, social integration, reassurance of worth, reliable
alliance, guidance, and opportunity for nurturance. Reliability is
good (� � 0.85).29

Data Analyses
Height and weight were used to calculate body mass index

(BMI, kg � m�2). Gender, age, LDL-cholesterol, HDL-cholesterol,
blood pressure, smoking status (defined as having regularly used
tobacco within the past 12 months), and presence of diabetes
(defined as a fasting plasma glucose �126 mg � dl�1 or currently
using antidiabetic medications) were used to determine each sub-
ject’s Framingham Risk Score.31 This score is an estimate of the
probability that the subject will have clinically significant CVD
within the next 10 years.

Risk factors for the metabolic syndrome were identified
according to the National Cholesterol Education Program Adult
Treatment Panel III criteria.32 However, a BMI �30 kg � m�2

was used instead of waist circumference as the criterion for
abdominal obesity.33 Thus, the risk factors were BMI �30
kg � m�2, triglycerides �150 mg � dl�1, HDL-cholesterol �40
mg � dl�1, blood pressure �130 mm Hg systolic and/or �85 mm
Hg diastolic or currently using antihypertensive medications,
and fasting plasma glucose �110 mg � dl�1 or currently using
antidiabetic medications.

All data were log transformed, as needed, to improve the
distribution of the scores. Differences between the two groups were
initially assessed using independent sample t-tests. To determine
the extent to which psychosocial factors were most associated with
changes in these inflammatory mediators, the measures of stress (ie,
perceived stress, vital exhaustion, job strain, effort-reward imbal-
ance) and social support were examined as predictors of the
measures of pro- and anti-atherogenic inflammatory mediators
using hierarchical regression analyses. Possible confounding vari-
ables in these relationships, such as obesity, physical activity, shift
work patterns, recent infections/illness, and the Framingham Risk
Score, were entered into the regression equation in step 1 and
measures of stress and social support entered in step 2. Separate
regression analyses were conducted for each of the pro- and
anti-atherogenic inflammatory mediators. Multiple regression anal-
yses tested whether or not the relationships between the measures
of stress and social support and the inflammatory mediators varied for
the two groups of participants (ie, officers and non-police participants).
This procedure permitted testing for interactions between group mem-
bership and the predictor variables. All data are presented as mean �
SD with statistical significance set at P � 0.05.

RESULTS
CVD risk characteristics are presented in Table 1. The

officers and non-officer participants differed significantly on some
of the traditional CVD risk factors. However, neither global CVD
risk, expressed as the Framingham Risk Score, nor the number of
metabolic syndrome risk factors differed between the two groups.
With the exception of IL-4, the inflammatory mediators differed
significantly between the two groups. Concentrations of four of the
remaining six mediators were approximately two to three times
higher in the officers (range � 1.8 to 5.2). The other two mediators,
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fibrinogen and C-reactive protein, were 25% and 33% lower in the
officers than the non-officer participants.

Perceived stress was higher in the control participants than the
officers (Table 2). Job strain and vital exhaustion were also higher in
the control participants. Effort-reward imbalance was higher in the
officers, primarily due to relatively greater extrinsic effort. Social
support was high and did not differ between the two groups.

Nevertheless, in assessing the extent to which group differ-
ences in stress markers explain differences in the inflammatory
mediators, regression analyses indicated that less than 4% of the
variance in any of the inflammatory mediators was explained by
any of the stress measures. This remained the case when the data
were analyzed either within groups or across the entire cohort.

Finally, because there may be gender-related differences in
these findings, the data were also analyzed after stratifying by

gender. For some of the inflammatory and stress variables, the
women differed from the men. Specifically, the women had higher
C-reactive protein levels (15.9 � 14.0 vs 8.0 � 16.4 pg � ml�1),
vital exhaustion (16.1 � 4.7 vs 14.0 � 4.5), and social support
(83.2 � 8.0 vs 80.8 � 10.1) than the men but lower levels of
extrinsic effort (13.2 � 2.9 vs 15.1 � 2.1). More importantly, these
differences were not unique to either the law enforcement or the
comparison group and do not alter the group differences presented
in Tables 1 and 2.

DISCUSSION
The purpose of the present investigation was to determine

the extent to which law enforcement officers have a higher risk of
CVD due to alterations in pro- and anti-atherogenic inflammatory

TABLE 1. CVD Risk Factors and Inflammatory Mediators of this Risk

Variable Law Enforcement Control Cohen’s d

CVD risk factors

Age (y) 37.4 � 9.2 42.0 � 11.3** 0.45

BMI (kg � m�2) 28.6 � 4.0 28.3 � 5.9

Total cholesterol (mg � dl�1) 193.3 � 5.2 192.7 � 36.3

LDL-cholesterol (mg � dl�1) 119.4 � 0.3 117.7 � 28.9

HDL-cholesterol (mg � dl�1) 47.4 � 1.2 49.7 � 13.9* 0.21

LDL/HDL ratio 2.6 � 0.9 2.5 � 0.8

Triglycerides (mg � dl�1) 134.7 � 7.2 133.3 � 84.4

Glucose (mg � dl�1) 92.5 � 9.7 93.3 � 22.0 0.15

Mean arterial pressure (mm Hg) 99.3 � 7.8 95.9 � 0.6** 0.30

Framingham risk score (%) 5.7 � 3.1 5.1 � 4.2

Metabolic syndrome risk (no. factors) 1.4 � 1.2 1.3 � 0.4

Proatherogenic inflammatory mediators

IL-1� (pg � ml�1) 6.3 � 14.9 1.1 � 2.0** 0.49

IL-6 (pg � ml�1) 29.8 � 40.7 15.1 � 0.3** 0.45

TNF-� (pg � ml�1) 10.5 � 18.2 5.8 � 5.6** 0.35

C-reactive protein (pg � ml�1) 7.2 � 1.7 10.6 � 18.0** 0.27

Fibrinogen (pg � ml�1) 0.28 � 0.14 0.34 � 0.24** 0.32

Antiatherogenic inflammatory mediators

IL-4 (pg � ml�1) 176.1 � 223.4 147.6 � 235.4

IL-10 (pg � ml�1) 46.5 � 13.4 20.5 � 73.2** 0.25

Data adjusted for age.
*P � 0.05; **P � 0.01.

TABLE 2. Stress Markers

Variable (Possible Range) Law Enforcement Control Cohen’s d

Perceived stress (0–56) 16.7 � 6.1 21.5 � 6.7** 0.79

Job strain (1–16) 3.4 � 0.7 3.6 � 0.9** 0.24

Job demands (4–16) 10.4 � 1.8 11.1 � 2.7** 0.39

Job control (18–72) 56.6 � 6.4 55.4 � 8.8

Vital exhaustion (9–27) 13.8 � 4.5 15.3 � 4.4** 0.36

Sense of exhaustion (1–3) 1.3 � 0.7 1.6 � 0.9** 0.37

Effort-reward imbalance (0.25–4.0) 0.88 � 0.14 0.79 � 0.20** 0.54

Extrinsic effort (5–20) 15.5 � 1.8 13.2 � 2.7** 0.96

Intrinsic effort (4–16) 9.3 � 2.2 9.7 � 2.3* 0.18

Rewards (8–32) 28.5 � 2.7 27.2 � 2.8** 0.47

Social support (20–96) 81.3 � 9.9 80.7 � 9.8

Data adjusted for age.
*P � 0.05; **P � 0.01.
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mediators, which are associated with job-related stress. There were
group differences among the inflammatory mediators as well as
group differences among the stress measures. Indeed, group mem-
bership (ie, law enforcement or control) had a relatively strong
association with many of these biological and psychological fac-
tors. Nevertheless, group differences in job-related stress were
neither associated with, nor predictive of, group differences in the
inflammatory mediators. This study therefore suggests that the law
enforcement profession may be at an increased risk for CVD
through its association with a pro-inflammatory vascular milieu.
The mechanism responsible for this association does not appear to
be job-related stress. It is also not due to elevations in traditional
CVD risk factors, because neither the Framingham Risk Score nor
the prevalence of Metabolic Syndrome risk factors differed be-
tween the two groups.

Of the seven inflammatory mediators assessed here, five are
generally considered pro-atherogenic (ie, IL-1�, IL-6, TNF-�,
C-reactive protein, fibrinogen) whereas two are anti-atherogenic
(ie, IL-4 and IL-10). Three pro-atherogenic mediators were higher
in the officers whereas two were elevated in the comparison group;
the magnitude of these differences was considerably larger in the
former. One anti-atherogenic mediator did not differ between the
two groups whereas the second was higher in the officers. Thus,
there was not a consistent trend in the group differences and,
because of the relatively large sample sizes used here, some of these
statistically significant differences may be spurious.

Clarifying the extent to which these mediators differentially
affect CVD risk between the two groups may be aided by compar-
ing the effect sizes of these differences. Larger effect sizes imply
larger and therefore, more likely “real” differences between the
groups. Effect sizes, expressed as Cohen’s d,34 were subsequently
calculated (Table 1). Of the six inflammatory mediators, the largest
effect sizes were found in the three pro-atherogenic inflammatory
mediators that were higher in the officers than the non-officers.
Consequently, the data suggest that the officer group had a more
pronounced pro-atherogenic inflammatory milieu than the compar-
ison group.

For several reasons, the measures of stress assessed here
were not associated with the pro-inflammatory environment seen in
the officers. First, the comparison group was more stressed than the
officers. Besides having a higher mean perceived stress score, a
disproportionately high number of controls were in the highest
quartile of stress (ie, 45% of the control group vs 17% of the
officers). However, none of the inflammatory mediators differed
between the highest quartile of subjects and the lowest quartile.
Second, three of the four stress measures were higher in the non-officer
comparison group than the officers, yet none of the stress measures
were predictive of the inflammatory variables. Thus, chronic job-
related stress does not appear to contribute to CVD in law enforcement
officers by altering their inflammatory profile.

The mechanism(s) underlying the pro-inflammatory profile
of the officers is uncertain. One candidate is shift work. Shift work
is associated with CVD and this association often remains after
traditional CVD risk factors are accounted for.35,36 More than 77%
of the officers reported having either shift work or working irreg-
ular, unscheduled hours compared with just 27% of the comparison
group. It is unclear how shift work may contribute to increased
CVD, although Sookian et al35 recently reported that leukocyte
count, a marker of inflammation, was associated with shift work.
Early atherosclerosis, evidenced by a 2.2-fold higher risk of carotid
plaques and higher carotid artery intima-media thickness, has been
found in relatively young shiftworkers.36 Of relevance to this study,
this relationship remained after accounting for C-reactive protein
and job strain. Police officers were also found to have higher carotid
intima-media thicknesses than a relatively similar comparison

group and this difference remained after controlling for age, gender,
CVD risk factors, and depression.37 As acknowledged by these
authors, a limitation of this study was that they did not assess any
other psychosocial traits, such as work-related stress, or other
biological mechanisms, such as inflammatory mediators. Based on
these collective findings, we speculate that differences in shift
work, rather than work-related stress, may affect inflammatory
markers associated with an increased CVD risk.

A second, albeit related, factor may be differences in sleep
quality. Poor sleep quality is associated with inflammation38 and
CVD mortality.39 It is also more common in law enforcement
officers than non-officers.40,41 Although we did not assess sleep
quality, anecdotal evidence suggests that many officers in this study
routinely experience various markers of poor sleep, such as diffi-
culty falling asleep, fitful sleep, or waking up tired. Accordingly, as
with shift work, we speculate that differences in sleep quality may
contribute to the differences in inflammatory markers seen here.

There are limitations to this study, which likely affect inter-
pretation of the data. First, neither the officers nor the comparison
group were highly stressed. The PSS score for the entire cohort was
similar to that of 1235 subjects employed in diverse occupations23

(18.0 � 6.6 vs 18.9 � 6.9, respectively). For each of the other three
stress measures assessed here, the mean was less than half the range
of possible scores. Thus, the association between work-related
stress and mediators of inflammation may have been stronger had
more stressed subjects been included. Second, there are numerous
measures of work-related stress,42 and it is possible that the mea-
sures used in this study were not the most appropriate for achieving
the aims of the study. Nevertheless, in developing the study, care
was taken to identify those constructs which seemed most relevant
to police work. Conversations with seasoned law enforcement
officers, both before and after the data collection, reinforced this
view. Finally, the bulk of law enforcement officers assessed here
were members of the highway patrol, or troopers. The job respon-
sibilities of these officers differ somewhat from municipal police
officers and this difference may affect the generalizability of the
findings. However, the stress constructs used here assess aspects of
chronic job-related stress that were felt to be universal to the law
enforcement profession. This assertion is supported by the obser-
vation that neither the stress levels nor the inflammatory mediators
of the troopers differed significantly from their non-trooper col-
leagues. The responsibilities of the latter are more comparable to
those seen of their peers in municipal police departments. Thus, our
findings are likely generalizable to other law enforcement officers.

In summary, this study suggests that law enforcement offic-
ers have an altered inflammatory profile that may be associated with
the increased prevalence of CVD seen in this occupation. Although
the mechanism underlying this pro-inflammatory milieu remains
uncertain, it does not appear to be due to work-related stress.
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