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Following the demonstrated association of employee burnout or vital exhaustion with several risk
factors for cardiovascular disease (CVD) and CVD risk, the authors investigated the possibility
that one of the mechanisms linking burnout with CVD morbidity is microinflammation, gauged
in this study by high-sensitivity C-reactive protein (hs-CRP) and fibrinogen concentrations. Their
sample included 630 women and 933 men, all apparently healthy, who underwent periodic health
examinations. The authors controlled for possible confounders including 2 other negative affec-
tive states: depression and anxiety. In women, burnout was positively associated with hs-CRP and
fibrinogen concentrations, and anxiety was negatively associated with them. In men, depression
was positively associated with hs-CRP and fibrinogen concentrations, but not with burnout or
anxiety. Thus, burnout, depression, and anxiety are differentially associated with microinflam-
mation biomarkers, dependent on gender.

Burnout is a chronic affective state comprised of
emotional exhaustion, physical fatigue, and cognitive
weariness (Shirom, 1989, 2003). It is an outcome of
chronic depletion of the individual’s coping re-
sources resulting from prolonged exposure to stress,
particularly work-related stress. Whereas early burn-
out research focused on its attitudinal and organiza-
tional consequences and its negative impact on men-
tal health (Cordes & Dougherty, 1993; Maslach,
Schaufeli, & Leiter, 2001; Schaufeli & Enzmann,
1998), recently accumulated evidence suggests that it

also has a negative impact on physical health and
may be considered a risk factor for physical morbid-
ity and bodily disorders. Thus, burnout and vital
exhaustion (a construct closely related to burnout)
have been found in prospective studies to predict
cardiovascular disease (CVD; Appels, 1988; Appels
& Schouten, 1991a; Hallman, Thomsson, Burell, Lis-
spers, & Setterlind, 2003), Type 2 diabetes (Mel-
amed, Shirom, & Froom, 2003), impaired fertility
(Sheiner, Sheiner, Carel, Potashnik, & Shoham-
Vardi, 2002), and poor self-rated health (Gorter,
Eijkman, & Hoogstraten, 2000; Halford, Anderzen,
& Arnetz, 2003; Kahill, 1988).

Past studies have explored possible mediators of
the relationships between burnout and physical mor-
bidity. These include atherogenic lipid profile and
fasting glucose levels (Melamed, Kushnir, & Shirom,
1992; Shirom, Westman, Shamai, & Carel, 1997),
sleep disturbances (Appels & Schouten, 1991b;
Grossi, Perski, Evengard, Blomkvist, & Orth-Gomer,
2003; Melamed et al., 1999), and adverse health
behaviors, including smoking, lack of exercise, and
excessive calorie intake (Gorter et al., 2000; Mel-
amed et al., 1992; Schaufeli & Enzmann, 1998). Our
study focused on the inflammatory process as a pos-
sible mechanism (see rationale below) and investi-
gated whether symptoms of burnout are associated
with two inflammatory biomarkers: C-reactive pro-
tein (CRP) and fibrinogen.
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Negative Emotional States, the Inflammatory
Process, and CVD

CVD is the principal cause of death in the United
States, Europe, much of Asia (Hennekens, 1998;
Ross, 1999), and Israel (State of Israel Ministry of
Health, 2001) and is associated with multiple physi-
ological, psychological, and sociodemographic risk
factors that often interact in complex causal ways
(Ezzati et al., 2003). Traditional risk factors for CVD,
including high blood pressure, high blood choles-
terol, cigarette smoking, lack of physical exercise,
and overweight, account for between 58% and 82%
of incident cases of CVD (Beaglehole & Magnus,
2002). In an attempt to explain a still greater propor-
tion of the variance in CVD, researchers over the past
decade have added nontraditional risk factors for
CVD to the traditional ones. Thus, considerable at-
tention has been paid in recent years to the possibility
that atherosclerosis, the main cause of CVD, is actu-
ally an inflammatory disease, with accumulating ev-
idence supporting this view (Danesh et al., 2000;
Hackam & Anand, 2003; Koenig, 2001; Libby, Rid-
ker, & Maseri, 2002; Rose, 1999; Ross, 1999).

The focus on the inflammatory processes may shed
new light on the association between negative emo-
tional states and CVD. Among the specific pathways
that have been suggested to explain the association
between negative emotional states and CVD, one can
find excessive activation of the sympathetic nervous
system and the hypothalamic–pituitary–adrenocorti-
cal axis; altered autonomic regulation of the heart;
damaging health behaviors, including smoking, lack
of physical activity, and high calorie intake (Kubzan-
sky & Kawachi, 2000); and inflammatory processes.
Several recent reviewers of the literature have con-
cluded that repeated episodes of acute psychological
stress or chronic psychological stress can lead to a
chronic inflammatory process that in turn is impli-
cated in arteriosclerosis and CVD and have suggested
linking mechanisms (for a review of the evidence and
the suggested linking mechanisms, see Black, 2002,
2003; Black & Garbutt, 2002; Kop, 2003). One of the
suggested pathways is the acute-phase response
(APR), a bodily response that prepares the body to
deal with infection or trauma. The APR may be
evoked by external tissue damage or infection and by
psychological stress. It is characterized by macro-
phage activation, production of cytokines (mainly
interleukin [IL-6], IL-1�, tumor necrosis factor
[TNF]-�)—which are the chief stimulators of the
production of acute-phase proteins (e.g., CRP, fibrin-
ogen)—and activation of mast cells; all of which

promote an inflammatory process (see Black, 2003;
Black & Garbutt, 2002; Maier & Watkins, 1998).
Black and Garbut (2002) hypothesized that repeated
episodes of acute or chronic stress, by maintaining an
APR or by invoking it periodically, promote a
chronic inflammatory process that culminates even-
tually in CVD. Kop (2003) suggested that burnout, as
a chronic emotional state, may influence the activa-
tion of proinflammatory cytokines via the induction
of the APR. The remarkable stability that burnout
exhibits, regardless of sample makeup, cultural con-
text, or length of the follow-up survey, attests to its
chronic nature (Shirom, Melamed, Toker, Berliner, &
Shapira, 2005).

Burnout and Inflammatory Biomarkers

Initial support for the possible association between
burnout and inflammation has been provided by the
finding of a relationship between burnout and leuko-
cyte adhesiveness–aggregation (LAA; Lerman et al.,
1999), a sensitive marker to detect inflammation and
assess its intensity. Of the several studies that have
uncovered an association between vital exhaustion or
burnout and serological markers of inflammation
(e.g., Appels, Bar, Bar, Bruggeman, & de Baets,
2000; Grossi et al., 2003), four deserve special
mention.

The first of these, by Appels et al. (2000), was
conducted among coronary heart disease (CHD) pa-
tients treated with directional coronary angioplasty
because of severe angina and showed that exhausted–
depressed patients had high levels of proinflamma-
tory cytokines IL-1� and TNF-� but not of IL-6
compared with nonexhausted–nondepressed patients.
A major limitation of studies that have used vital
exhaustion to gauge burnout is that this measure
combines elements of both depression and burnout
and, thus, reflects the contents of both constructs
(Wojciechowski, Strik, Falger, Lousberg, & Honig,
2000). Vital exhaustion has been claimed to be a
phenomenon not identical with depression (van Diest
& Appels, 1991), but there is clearly an overlap
between the two constructs that several investigators
have failed to differentiate. A meta-analytic study of
the discriminant validity of burnout and depression
(Glass & McKnight, 1996) found that these con-
structs share appreciable variance, but they are not
isomorphic, and therefore, they should be measured
independently.

In the second study, conducted with participants
over 65 years old, exhaustion was associated with
several biomarkers of inflammation and coagulation
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factors (Kop et al., 2002), but no such association
with exhaustion was found after the authors adjusted
for several control variables. However, this study was
conducted on older participants (mean age 72 years)
at risk for incident CHD and used a four-item mea-
sure of exhaustion, two items of which were adopted
from a well-known depression measure (The Center
for Epidemiological Studies-Depression Scale; Rad-
loff, 1977). Therefore, the measure of exhaustion it
used may reflect depression rather than energy
depletion.

The third study, conducted among apparently
healthy women (Grossi et al., 2003), found that
burned-out women (as indicated by the Shirom–Mel-
amed Burnout Measure [SMBM; Shirom, n.d.] used
in the current study) manifested higher levels of
TNF-�, independent of confounders that included
depression, and also showed higher levels of Hemo-
globin A1-C (HbA1C) compared with their counter-
parts. The authors concluded that among women,
burnout seemed to involve enhanced inflammatory
responses and oxidative stress. However, the study
results were obtained from the comparison of two
extreme groups that scored very high (n � 43) and
very low (n � 20) on the above measure of burnout
and should be replicated on larger samples that also
include male participants.

In the fourth study, which used the Maslach Burn-
out Inventory (MBI; Maslach & Jackson, 1986) and
was conducted among 71 young physicians (Bargel-
lini et al., 2000), a high degree of personal accom-
plishment was found to be associated with an in-
crease in the number of peripheral lymphocytes,
particularly T subsets. The two other components of
the MBI—emotional exhaustion and depersonaliza-
tion—have not been associated with the inflamma-
tion markers. The study by Bargellini et al. (2000)
had a number of limitations that included a small
number of participants and a possible confounding
effect of depression, as is discussed in greater detail
later.

In our study, we focused on the association be-
tween plasma levels of two acute-phase reactants and
the affective state of burnout. The first acute-phase
reactant investigated is CRP, a complex set of pro-
teins produced when the body is faced with a major
infection or trauma as part of the APR. Plasma CRP
is produced by hepatocytes, predominantly under the
control of the cytokine IL-6. Over a dozen major
longitudinal studies have demonstrated that the base-
line levels of CRP in apparently healthy men and
women are highly predictive of future risk of stroke,
CVD, CHD, and diabetes (Ridker, 2003) over and

above the classical cardiovascular risk scores, such as
those represented in the Framingham score (Ridker,
Wilson, & Grundy, 2004). CRP has also been found
to be associated with risk of developing hypertension
(Sesso et al., 2003) and Type 2 diabetes mellitus (Hu,
Meigs, Li, Rifai, & Manson, 2004) and to correlate
with several components of the metabolic syndrome
(Ridker, Hennekens, Buring, & Rifai, 2000). Studies
suggest that even small increases in CRP within the
normal range have predictive significance with re-
gard to CHD (Danesh, Collins, Appleby, & Peto,
1998; Ridker, Rifai, Rose, Buring, & Cook, 2002).

With the exception of the study by Grossi et al.
(2003), which yielded negative results, to our knowl-
edge, no other studies have explored the possible
association between burnout and elevated CRP con-
centrations. Wirtz et al. (2003) found that highly
exhausted individuals, as assessed by a shortened
version of the vital exhaustion measure, had higher
CRP concentrations relative to individuals with low
scores on vital exhaustion, but this study did not
control for depression or any other CHD risk factor
known to affect CRP concentrations (cf. a very sim-
ilar study, Jeanmonod, von Kanel, Maly, & Fischer,
2004).

The second acute-phase reactant that we focused
on is fibrinogen, a blood-clotting factor that has been
shown to predict CHD (Danesh et al., 1998; Faxon et
al., 2004). Fibrinogen is a circulating glycoprotein
that acts at the final step in the coagulation response
to vascular and tissue injury, where it controls for
blood loss (for recent reviews and pathophysiological
pathways, see Herrick, Blanc-Brude, Gray, & Lau-
rent, 1999). Like CRP, it increases during the APR,
although to a lesser extent, and may increase up to
fourfold in response to inflammatory or infectious
triggers (Fey & Fuller, 1987). Epidemiological data
support an independent association between elevated
concentrations of fibrinogen and cardiovascular mor-
bidity and mortality because of its involvement in
atherosclerotic processes (for a review, see Hackam
& Anand, 2003). In addition to its role in cardiovas-
cular processes, fibrinogen has been widely studied in
relation to psychosocial factors such as acute stres-
sors and job strain (for recent reviews and pathophys-
iological pathways, see Strike & Steptoe, 2004;
Theorell, 2002; von Kanel, Mills, Fainman, & Dims-
dale, 2001).

We were unable to locate studies that have inves-
tigated fibrinogen relationships with burnout, though
several have investigated the relationships between
fibrinolytic parameters and vital exhaustion. One
study found that among individuals high on vital

346 TOKER, SHIROM, SHAPIRA, BERLINER, AND MELAMED



exhaustion, compared with controls, fibrinolysis de-
creased during early morning and fibrinogen in-
creased throughout the day (van Diest, Hamulyak,
Kop, van Zandvoort, & Appels, 2002). In addition,
three studies found indications that fibrinolytic pa-
rameters, such as plasminogen activator inhibitor-1,
were associated with vital exhaustion (Kop,
Hamulyak, Pernot, & Appels, 1998; Raikkonen,
Lassila, Keltikangas-Jarvinen, & Hautanen, 1996;
von Kanel, Frey, & Fischer, 2004). All of these
studies suffered from the same limitations, namely
lack of control over depression while using the vital
exhaustion measure that is confounded with depres-
sion and small sample sizes.

On the basis of empirical findings discussed and on
the psychoneuroimmunological models linking in-
flammation to affective states (e.g., Maier &
Watkins, 1998), we tested the hypothesis that burnout
is associated with elevated concentrations of both
CRP and fibrinogen after controlling for depression,
anxiety, and other possible confounders like age,
obesity, and other classical risk factors.

Burnout, Depression, and Anxiety

In the affective sciences, there is widespread
agreement that specific emotions are accompanied by
specific biological changes (e.g., Davidson & Ekman,
1994), although the specificity of a particular emo-
tion–CVD association may be especially difficult to
establish, as emotions rarely occur in isolation. For
example, anxiety and depression often occur to-
gether, but most of the studies that have examined the
association of anxiety with CVD did not account for
the overlap between the two (Kubzansky & Kawachi,
2000). Thus, it could be argued that researchers
should be able to identify the unique adverse physical
health effects associated with burnout by controlling
in their analyses the possible confounding effects of
depression and anxiety, two negative emotions that
tend to covary with burnout (Glass & McKnight,
1996; Schaufeli & Enzmann, 1998). This procedure
is inherently justified in that both depression and
anxiety have been shown to be associated with a
variety of morbid states, including impaired immune
function (for review, see Kiecolt-Glaser, McGuire,
Robles, & Glaser, 2002) and CVD (for reviews and
meta-analyses, see Hemingway & Marmot, 1999;
Krantz & McCeney, 2002; Kuper, Marmot, & Hem-
ingway, 2002; Rozanski, Blumenthal, & Kaplan,
1999; Rugulies, 2002).

The need to control for depression and anxiety in
the analysis relies, inter alia, on past studies that have

shown an association between these negative affec-
tive states and inflammatory markers. Evidence sug-
gests that both major depression and depressive
symptoms are associated with increased serum con-
centrations of inflammatory mediators and markers,
including the acute-phase reactants CRP and fibrin-
ogen (for reviews, see Corcos, Guilbaud, Hjalmars-
son, Chambry, & Jeammet, 2002; Joynt, Whellan, &
O’Connor, 2004; Ladwig, Marten-Mittag, Lowel,
Doring, & Koenig, 2003; Penninx et al., 2003; von
Kanel et al., 2001). However, studies that have ex-
amined the relationship between anxiety and immu-
nity are sparse in comparison with those on depres-
sion, and their findings have also been inconsistent.
Positive associations were found between trait anxi-
ety and fibrinogen concentrations among 4,193
young adults in the CARDIA study (Coronary Artery
Risk Development in Young Adults Study, Folsom et
al., 1993) and among patients suffering from chronic
anxiety disorders (Dintenfass & Zador, 1975). A neg-
ative association was found between fibrinogen con-
centrations and anxiety among 485 male employees
threatened by factory closure (Mattiasson &
Lindgarde, 1993), and in another study, patients with
anxiety disorders had significantly lower cell-medi-
ated immune functions compared with controls (Koh
& Lee, 1998). A number of studies have also found a
negative correlation between anxiety and natural
killer activity (for a review, see Borella et al., 1999).
Recently, it has been suggested that a clinical level of
anxiety seems to reduce immune function, whereas a
subclinical level o seems to enhance immunity (Koh
& Lee, 1998).

On the basis of the similarity in the cardiovascular
and some of the immunological endpoints, a question
arises as to whether burnout is associated with CRP
and fibrinogen over and above the association with
depression and anxiety. In the current study, we
included these three affective states in the multivar-
iate regression, in order to identify the unique adverse
physical health effects associated with burnout. We
hypothesized that burnout would be positively asso-
ciated with CRP and fibrinogen, even after control-
ling for depression and anxiety.

Gender Differences

The collective evidence points to gender differ-
ences both in emotional experiences and in health
outcomes. For instance, some past studies have asso-
ciated depression with elevated CRP in men but not
in women (Ford & Erlinger, 2004), although other
studies did not find such differences (e.g., Panagio-

347BURNOUT, DEPRESSION, ANXIETY, AND INFLAMMATION



takos et al., 2004). There is also additional evidence
pointing to gender differences in CRP (Rifai & Rid-
ker, 2003; Rogowsky et al., 2004) and fibrinogen
concentrations (Vorster, 1999), as well as to gender-
specific paths of influence of stress on inflammatory
processes (Kring & Gordon, 1998; Rohleder, Schom-
mer, Hellhammer, Engel, & Kirschbaum, 2001; Step-
toe, Owen, Kunz-Ebrecht, & Mohamed-Ali, 2002).

Results concerning gender differences in the burn-
out experience are less consistent (Schaufeli & Enz-
mann, 1998). Still, gender differences in the associ-
ation between burnout and health have been found in
past studies. In Sweden, Hallman, Burell, Setterlind,
Oden, and Lisspers (2001) found that the predictive
power of psychosocial risk factors, including burn-
out, with respect to future CVD events was higher
among women than among men. Gender differences
in burnout and cardiovascular risk factors were also
been found in a study of Israeli employed individu-
als: In the women, changes in serum lipids were
positively associated with emotional burnout and
negatively associated with physical fatigue, whereas
in the men, these changes were positively associated
with both emotional burnout and physical fatigue
(Shirom et al., 1997). Considering these various dif-
ferences, we conducted the analysis separately for
men and women.

Method

Participants

Study participants (N � 3,668, 2,208 men and 1,460
women) were all apparently healthy and were all employees
who attended the Center for Periodic Health Examinations
of the Tel Aviv Sourasky Medical Center for a routine
health examination between September 2002 and June 2004
in what became known as the TAMCIS (the Tel Aviv
Medical Center Inflammation Survey). They represented
91% of the examinees during this period. We systematically
checked for nonresponse bias and found that nonpartici-
pants did not differ from participants on any of the socio-
demographic or biomedical variables. We excluded from
the study 1,243 men and 805 women because of a self-
reported inflammatory, cardiovascular, rheumatic, or pe-
ripheral blood disease; previous stroke or cancer; or mental
crisis, as well as patients taking certain medications with a
potential effect on the intensity of the inflammatory re-
sponse, including Amiodarone, low molecular weight hep-
arin (Clexane), HMG-CoA reductase inhibitors (statins),
fibrates, Eltroxin, steroids, NSAID’s, antidepressants, sed-
atives, antipsychotic medication, immunosuppressants, and
antibiotics. The decision to exclude participants who self-
reported the above-mentioned diseases or taking medication
for treating them was based on the relation between these
diseases and inflammatory processes and on previous find-
ings reporting an affect of the diseases on burnout and

fatigue (Franssen, Bultmann, Kant, & van Amelsvoort,
2003). Additionally, 57 participants (32 men and 25
women) were excluded because of missing data for one of
the study parameters. Thus, the final sample consisted of
1,563 apparently healthy employed men (n � 933) and
women (n � 630). The mean age was 44.8 years (SD �
11.02) for men and 45.9 years (SD � 10.2) for women.
Respondents had completed a mean of 15 years of educa-
tion. Of the male respondents, 62.7% worked in managerial
positions, whereas 40.7% of the female respondents held
such a position. The men worked for an average of 9.5 hr a
day and the women worked an average of 8.16 hr a day;
17.5% of all the respondents worked in shifts.

Procedure

The study was approved by the local Medical Center
ethics committee, and the participants were recruited indi-
vidually by an interviewer while they waited for their turn
for the clinical examination. The interviewer gave each
participant an explanation of the survey and asked for her or
his voluntary participation. In return, participants were
promised detailed feedback of the results. Confidentiality
was assured, and each participant signed a written informed
consent form. As part of the periodic health examination
at the Tel Aviv Medical Center Inflammation Survey
(TAMCIS), all respondents underwent blood sampling
(after an overnight fast), anthropometric measurements,
physical examination, urinalysis, stress ECG, spirometry,
and vision and hearing function tests. For each respondent,
the results of these examinations and his or her responses to
the study questionnaire were recorded and computerized.

Measures

The questionnaire covered background, occupational,
psychological, and physical morbidity factors. Except for
the measure of depressive symptomatology, the multi-item
indexes constructed for this study, representing affective
states, had all been included in our previous research, in
which they exhibited high reliabilities and construct valid-
ities. They were constructed by combining single items that
measured the same variable, as verified by exploratory and
confirmatory factor analyses (the detailed results are avail-
able from the authors upon request). Following Cortina
(1993), items that loaded high on the common factor were
subjected to item analysis to assess the effects of item
removal on scale reliability, gauged by the Cronbach’s
alpha coefficient. The respondent’s score on each of the
indexes was obtained by computing the mean of his or her
responses to the items in the index. Means and standard
deviations for the indexes are presented in Table 1.

Burnout was assessed using the SMBM,1 which asks
respondents to report the frequency of recently experienced
energetic feelings at work. All items are scored on a 7-point
frequency scale, ranging from 1 (almost never) to 7 (almost
always). The burnout measure used in this study (� � .93)

1 The SMBM, norms relating to it, and instructions con-
cerning its use are downloadable from the following site:
http://recanati.tau.ac.il/faculty/shirom_arie.htm
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is the combination of a six-item subscale of physical fatigue
(e.g., “I feel physically drained,” � � .90), a six-item
subscale of cognitive weariness (e.g., “I have difficulty
concentrating,” � � .90), and a four-item subscale of emo-
tional exhaustion (e.g., “I feel I am unable to be sensitive to
the needs of coworkers,” � � .84). Details concerning the
format and validation studies that led to the construction of
the burnout measure are available elsewhere (Shirom, 1989,
2003). We acknowledge the analogy between the concep-
tualization of burnout as assessed by the SMBM and the
core components of exhaustion as gauged in the Oldenburg
Burnout Inventory (Demerouti, Bakker, Nachreiner, &
Schaufeli, 2001). However, we have used the term burnout
to denote the same components in a long series of past
publications, cited in the text, and therefore we retain it in
the present article.

The measure of anxiety includes four items (e.g., feeling
nervous, jittery, fidgety) adapted from questionnaires used
in several large-scale studies conducted by the Institute of
Social Research, University of Michigan (e.g., French,
Caplan, & Harrison, 1982). All items are scored on a 5-point
frequency scale, ranging from 1 (almost never) to 5 (almost
always; � � .87). As we wanted to orient the items toward
the measurement of trait anxiety so we could use it as a
control variable gauging a general disposition to feel anx-
ious, they were worded to reflect how the respondent gen-
erally felt.

Depression was measured using the Personal Health
Questionnaire (PHQ-9), the depression section of a patient-
oriented self-administered instrument derived from the
PRIME-MD (Spitzer, Kroenke, Williams, & and the Patient
Health Questionnaire Primary Care Study Group, 1999;
Spitzer et al., 1994). It lists nine potential symptoms of
depression (e.g., “feeling down,” “depressed or hopeless,”
“little interest or pleasure in doing things”) and asks patients
to rate the frequency of experiencing each symptom during
the past 2 weeks on a scale ranging from never to almost
always, yielding a score of 0 to 27 (� � .77). This measure
has been used in several past studies (Dietrich, Oxman,
Burns, Winchell, & Chin, 2003; Lubetkin, Jia, & Gold,
2003; Nease & Maloin, 2003) and in screening populations
(Douglas, Taylor, & O’Malley, 2004).

High-sensitivity C-reactive protein (hs-CRP) was ana-
lyzed by an immunonephelometric assay on a BN II ana-
lyzer (Dade Behring, Marburg, Germany), as described by
Rifai, Tracy, and Ridker (1999). This assay is based on
particle-enhanced immunonephelometry, and it enables the
measurement of extremely low CRP concentrations (0.2 to
1,000 mg/L).

Fibrinogen was measured by the Clauss method (Clauss,
1957) with an ST-A compact coagulometer (Stago).

Several demographic and biomedical variables that have
been found to be associated with CRP and fibrinogen con-
centration, namely, age, gender, obesity, smoking, physical
exercise, lipid and glucose concentrations, blood pressure,
and, for the female respondents, hormone replacement ther-
apy (HRT), were controlled for in the statistical analysis
(Verma, Szmitko, & Yeh, 2004). Body mass index (kg/m2)
was measured by a nurse and used as a continuous variable.
Smoking status (smoker–nonsmoker) was documented by
self-report, as was physical exercise intensity (number of
weekly hours customarily engaged in sport activities). For
the female respondents, we used the dichotomy of either
using HRT (1) or not using it (0). Total serum cholesterol

and triglycerides were measured with the Roche/Hitachi
747 Analyzer (Roche Diagnostics, Mannheim, Germany)
and the Raichem Kit (Reagents Applications, San Diego,
CA). Low-density lipoprotein was assayed on a Roche/
Hitachi 747 Analyzer with the Randox Kit (Randox Labo-
ratories, Crumlin, U.K.) and used to compute high-density
lipoprotein (HDL) concentrations. Patients’ arterial blood
pressure (mmHg) was measured twice in the left arm, while
they were sitting and after a 1-hr rest. The average of two
independent measures was used. Fasting glucose was deter-
mined with the glucose oxidase method using an autoana-
lyzer (Beckman Instruments, Fullerton, CA).

Analyses

We excluded from the sample all respondents with hs-
CRP �20.0 mg�l or fibrinogen �450 or �150, because of
the deviation from normality of this variables, thus losing
less than 1.0% of the sample. After deleting these outliers,
we found skewness and kurtosis values of hs-CRP and
fibrinogen were acceptable (2.3 and 7.3, respectively, for
hs-CRP and .33 and �.08, respectively, for fibrinogen). For
each of the study’s variables, we used two-tailed T tests to
check the significance of the mean differences between the
male and female employees.

We first examined the multivariate association between
burnout, depression, anxiety, and elevated hs-CRP and fi-
brinogen by a multiple regression in which the values of
hs-CRP and fibrinogen were regarded as continuous vari-
ables (see Tables 2 and 3). We then conducted a logistic
regression analysis in which hs-CRP concentrations were
dichotomized into elevated (�3.0 mg/L) and normal (see
Table 4). Even though dichotomizing a continuous criterion,
as in logistic regression, necessarily results in loss of infor-
mation, lower measurement precision, and loss of statistical
power (Babyak, 2004) and, as Ridker and Cook (2004) have
shown, hs-CRP is clinically useful for the prediction of
CVD risk across a full range of values (Ridker & Cook,
2004), we carried out this analysis for the purpose of com-
paring our results with past reports that have used logistic
regressions to predict hs-CRP. We decided on the 3.0 mg/
L/normal dichotomy because most past research on hs-CRP
has followed the clinical guidelines of the Centers for Dis-
ease Control and Prevention and the American Heart Asso-
ciation suggesting that concentrations of hs-CRP above 3
mg/L be used to represent high vascular risk (Pearson et al.,
2003). The prediction of elevated hs-CRP and fibrinogen
was adjusted for the potential confounding factors listed
above under control variables: Age, body mass index
(BMI), physical exercise intensity, HDL concentrations,
and fasting glucose were entered as continuous variables,
whereas smoking and HRT use (only for female respon-
dents) were included as dichotomous variables.

The hypotheses were tested by multivariate linear regres-
sions separately for the male and female respondents. An
omnibus test, the Chow test (Chow, 1960), was conducted
to test our assumption that for the men the vector of regres-
sion coefficients differs significantly from that of the sub-
sample of women on each of the two criteria. The results
provided considerable support to our a priori decision to
analyze the data separately for men and women with regard
to both hs-CRP, F(9, 1537) � 6.13, p � .05, and fibrinogen,
F(9, 1537) � 7.44, p � .05.
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Results

Gender Differences in the Study Variables

For each of the study’s variables, we used a two-
tailed T test to check the significance of the mean
differences between the male and female employees.
The results are described in Table 1. In agreement
with the findings of other researchers, we found that
male employees showed significantly higher levels of
classical cardiovascular risk factors, whereas female
employees had significantly higher concentrations of
inflammatory biomarkers. Specifically, on the basis
of two-tailed T tests, we found that the men had
higher BMI, triglycerides, glucose, and systolic
blood pressure and lower HDL concentrations,
whereas the women had higher concentrations of
both hs-CRP and fibrinogen. In addition, the women
had higher levels of burnout and depression and were
less physically active compared with the males.

Burnout Correlates

Correlations between all the study’s variables are
presented in Table 1. Burnout was moderately but
significantly correlated with depression (rs were .50
and .51 for the men and women, respectively) and
anxiety (rs were .58 and .51 for the men and women,

respectively). Burnout was significantly correlated
with hs-CRP among the female employees (r � .09).
The correlations between burnout and fibrinogen
among the women and between burnout and hs-CRP
and fibrinogen among the men were insignificant. On
the other hand, for the men, both hs-CRP and fibrin-
ogen level correlated positively with depression (rs
were .11 and .08, respectively). We considered the
regression runs as the direct tests of the study’s
hypotheses, as we formulated them after controlling
for possible confounders like age, obesity, classical
risk factors, depression, and anxiety.

Multivariate Analyses

Tables 2 and 3 present the results of multiple linear
regressions of hs-CRP and fibrinogen, respectively,
on burnout for employed women and men, after
controlling for depression and anxiety, as well as for
the physiological cardiovascular risk factors. In con-
gruence with our hypothesis regarding possible gen-
der differences, the correlates of hs-CRP and fibrin-
ogen varied among the employed men and women.
The results for the women show full support for the
hypothesis: Burnout was associated with both hs-
CRP and fibrinogen even after we controlled for
depression and anxiety. In addition, among the

Table 2
Summary of Multivariate Regression of CRP on Control Variables, Depression, Anxiety, and Burnout for
Female and Male Employees

Measure

Female employees Male employees

B (SE) � B (SE) �

Physiological control variables
Age �0.04 (0.01)* �.13 0.00 (0.01) .01
Body mass index 0.25 (0.03)* .39 0.20 (0.02)* .29
Smoking status (yes/no) �0.22 (0.25) �.03 0.34 (0.21) .05
Physical exercise intensitya �0.02 (0.04) �.02 �0.04 (0.03) �.04
HDL 0.02 (0.01)* .09 �0.01 (0.01) �.04
Fasting glucose �0.01 (0.01) �.05 0.00 (0.01) �.01
Systolic blood pressure 0.01 (0.01) .03 0.01 (0.01)* .08
Triglycerides 0.01 (0.00)* .27 0.00 (0.00) .00
Hormone replacement therapy (yes/no) �0.46 (0.34) �.05

Psychological control variables
Depression 0.34 (0.38) .04 1.08 (0.35)* .11
Anxiety �0.30 (0.15)† �.08 0.06 (0.11) .02

Main effects burnout
Burnout 0.30 (0.14)* .09 �0.15 (0.12) �.05

Total adjusted R2 .27 .13

Note. ns � 630 and 933 for the female and male employees, respectively. CRP � C-reactive protein; HDL � high-density
lipoprotein.
a Physical exercise intensity represents the total number of reported weekly hours of intensive sport activity.
† p � .06. * p � .05.
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women, the negative association of CRP and fibrin-
ogen with anxiety approached significance (ps were
.056 and .089, respectively). Among employed men,
hs-CRP was significantly predicted by depression,
whereas the prediction of fibrinogen approached sig-
nificance (p � .057). Table 4 provides an additional
vista of the results reported in Table 2, in that it
shows that for the dichotomous hs-CRP criterion,
burnout is associated with increased risk of elevated
hs-CRP among women (odds ratio [OR] � 1.60,
confidence interval [CI] � 1.21–2.11), and depres-
sion is associated with increased risk of elevated
hs-CRP among men (OR � 3.15, CI � 1.51–6.56).

Exploratory Multivariate Analyses

To eliminate a possible report bias stemming from
the fact that 63% of the men, compared with 41% of
the women, reported holding managerial positions
(top, middle, and shift managers), a factor that might
have affected their answers regarding burnout in their
workplace and narrowed the burnout levels they re-
ported, we conducted the analysis again, controlling
for managerial position; results remained the same.2

Because of the differences between men and
women in the association between depression, burn-
out, and anxiety and hs-CRP and fibrinogen concen-
trations, and based on past findings indicating an

association between hs-CRP and fibrinogen and oral
contraceptives and menstrual cycle (Jilma et al.,
1997; Vorster, 1999), we conducted the analysis for
women again, controlling for oral contraceptive use
and the number of days since their last period. This
analysis did not change the results, and the original
pattern remained consistent.

High levels of the classical risk factors controlled
in the analysis (e.g., blood lipids, obesity, glucose,
and systolic blood pressure) are defined together as
“the metabolic syndrome” ( National Cholesterol Ed-
ucation [NCEP], 2001). As both CRP and fibrinogen
are known to be closely associated with the metabolic
syndrome (Toker et al., 2004), and a similar associ-
ation was found between depression and the meta-
bolic syndrome (Kinder, Carnethon, Palaniappan,
King, & Fortmann, 2004; McCaffery, Niaura, To-
daro, Swan, & Carmelli, 2003), controlling for the
components of the metabolic syndrome may have
reduced to insignificance linkages investigated in the
current study. Therefore, as suggested by one of the
reviewers of this article, we tested our hypotheses
again after controlling for age, smoking status, and
sport intensity, as well as for HRT in women. The

2 The detailed results are available from Sharon Toker
upon request.

Table 3
Summary of Multivariate Regression of Fibrinogen on Control Variables, Depression, Anxiety, and
Burnout for Female and Male Employees

Measure

Female employees Male employees

B (SE) � B (SE) �

Physiological control variablesa

Age 0.93 (0.21)* .20 1.27 (0.16)* .28
Body mass index 2.55 (0.48)* .24 2.74 (0.46)* .20
Smoking status (yes/no) 10.23 (4.44)* .09 6.76 (4.10) .05
Physical exercise intensity �0.35 (0.64) �.02 �1.10 (0.51)* �.07
HDL 0.05 (90.13) .01 0.01 (0.15) .00
Fasting glucose �0.17 (0.18) �.04 �0.19 (0.14) �.05
Systolic blood pressure 0.11 (0.14) .04 0.24 (0.11)* .07
Triglycerides 0.05 (0.03) .06 0.00 (0.02) .00
Hormone replacement therapy (yes/no) 8.50 (5.95) .06

Psychological control variables
Depression �8.28 (6.68) �.06 13.30 (6.99)† .07
Anxiety �4.67 (2.74)†† �.08 0.20 (2.22) .00

Main effects burnout
Burnout 5.73 (92.51)* .11 �0.65 (2.47) �.01

Total adjusted R2 .15 �.16

Note. ns � 630 and 933 for the female and male employees, respectively. HDL � high-density lipoprotein.
a Physical exercise intensity represents the total number of reported weekly hours of intensive sport activity.
†† p � .09. † p � .06. * p � .05.
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only significant change from the results reported in
Tables 2, 3, and 4 concerned the prediction of CRP
by depression among women (see Table 2), which
approached significance (� � .09, p � .055) with the
reduced set of control variables, as opposed to its
insignificant predictive power in Table 2 (� � 0.34,
p � .37). To look for the specific component that
caused this change, and in agreement with earlier
research that pointed out that BMI partially mediates
the effects of depression on inflammation levels
(Miller, Freedland, Carney, Stetler, & Banks, 2003;
Miller, Stetler, Carney, Freedland, & Banks, 2002),
we conducted the analysis again and entered all the
original variables except for BMI. In this step, de-
pression still approached significance (� � .08, p �
.062), thus supporting earlier studies by showing that
BMI mediated the effect of depression on CRP levels
among women.

Discussion

Our study investigated for the first time the possi-
ble association of the affective state of burnout with
the inflammation biomarkers CRP and fibrinogen,
while controlling for the two other negative affective
states: depression and anxiety. Our strategy followed
the recommendation of Ryff and Singer (2003) that
future research should focus on co-occurring discrete
emotions as a route to understanding the cumulative
effect of the emotional experience on physical health.

Ryff and Singer accentuated the importance of study-
ing the co-occurrence of discrete emotions to capture
both the subjective experience and map out the neu-
rophysiological mechanisms on the route to health.
As indicated earlier, many of the past studies have
failed to adjust for these co-occurring affective states.

As theoretically expected, the findings of this
study, conducted in a large sample of apparently
healthy employed men and women, indicate that
burnout, anxiety, and depression are differentially
associated with inflammation biomarkers, dependent
on gender. To simplify the discussion on the impli-
cations of our findings, we first discuss the findings
for women, then for men, and finally the insights
gained from the observed gender differences.

Burnout and Inflammation Among Women

Our major finding here is that burnout in women,
but not depression, is positively associated with mi-
croinflammation, expressed by heightened concentra-
tions of CRP and fibrinogen, which supports our
hypothesis. This was true even after we had con-
trolled for general anxiety, depressive symptoms, use
of HRT, and several other potent confounding vari-
ables found in earlier studies to be associated with
CRP and fibrinogen concentrations (Ridker, Buring,
Cook, & Rifai, 2003; Sattar et al., 2003). These novel
results were obtained independently of the factors
embedded in the vital exhaustion measure. Further-

Table 4
Summary of Logistic Regression Analysis Predicting CRP � 3.0 for Female and Male Employees

Measure

Female employees Male employees

B (SE) OR 95% CI B (SE) OR 95% CI

Physiological control variablesa

Age �0.02 (0.01) 0.98 0.96–1.01 0.00 (0.01) 1.00 0.98–1.02
Body mass index 0.20 (0.03) 1.22* 1.15–1.29 0.19 (0.03) 1.21* 1.15–1.28
Smoking status (yes/no) �0.23 (0.26) 0.79 0.47–1.33 0.50 (0.22) 1.65* 1.08–2.52
Physical exercises intensity �0.04 (0.04) 0.96 0.88–1.04 �0.04 (0.03) 0.96 0.91–1.02
HDL 0.02 (0.01) 1.02* 1.01–1.03 �0.01 (0.01) 0.99 0.97–1.01
Fasting glucose 0.00 (0.01) 1.00 0.98–1.02 0.00 (0.01) 1.00 0.99–1.02
Systolic blood pressure 0.01 (0.01) 1.01 0.99–1.02 0.01 (0.01) 1.01 1.00–1.02
Triglycerides 0.01 (0.00) 1.01 1.01–1.02 0.00 (0.00) 1.00 1.00–1.00
Hormone replacement therapy (yes/no) 0.21 (0.35) 1.24 0.63–2.44

Psychological control variables
Depression �0.04 (0.36) 0.96 0.47–1.96 1.15 (0.38) 3.15* 1.51–6.56
Anxiety �0.26 (0.16) 0.77 0.57–1.05 �0.01 (0.13) 0.99 0.78–1.27

Main effects burnout
Burnout 0.47 (0.14) 1.60* 1.21–2.11 �0.12 (0.14) 0.88 0.67–1.16

Note. ns � 630 and 933 for the female and male employees, respectively. OR � odds ratio; CI � confidence interval; HDL
� high-density lipoprotein.
a Physical exercise intensity represents the total number of reported weekly hours of intensive sport activity.
* p � .05.
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more, by conducting both multiple and logistic re-
gression analyses with CRP treated both as a contin-
uous and as a dichotomous variable, we overcame a
possible information loss that may have been the
result of using CRP as a dichotomous variable only.
The significant results indicate that the observed as-
sociation between burnout and CRP is not an out-
come of using a predetermined cutoff point for CRP
concentrations. Nevertheless, logistic regression re-
sults show burnout to be associated with a 1.6-fold
greater risk (95% CI � 1.2–2.1) of having an ele-
vated CRP level among women, suggesting the pres-
ence of microinflammation.

We reviewed the evidence indicating that micro-
inflammation may be associated with risk of athero-
sclerosis (Libby & Ridker, 2004; Ross, 1999), myo-
cardial infarction and stroke (Koenig, 2001), and
insulin resistance and diabetes mellitus (Freeman et
al., 2002; Pradhan, Manson, Rifai, Buring, & Ridker,
2001). These studies included men and women and
both Europeans and Americans. Both CRP and fi-
brinogen are considered a major independent risk
factor for CHD and myocardial infarction in women
as well as in men (for reviews, see Ridker, 2004;
Vorster, 1999). Thus, women who chronically expe-
rience burnout and display elevated CRP and fibrin-
ogen concentrations might be at risk of diabetes,
tissue damage, and future cardiovascular events.
Anxiety was also associated in the present study with
lower concentrations of both CRP and fibrinogen
among women. However, as the results were ob-
tained in the linear regression only and not in the
logistic regression analysis, and they only ap-
proached significance, this finding cannot be viewed
as stable and may be false. It might reflect the incon-
sistent findings reported in the literature concerning
anxiety outcomes.

Although some studies have reported a positive
association between anxiety and CVDs (for a review,
see Kubzansky, Kawachi, Weiss, & Sparrow, 1998),
other studies have associated high anxiety with im-
proved survival after CVD compared with survival
after depression (Blumenthal, Thompson, Williams,
& Kong, 1979; Carinci et al., 1997; Herrmann,
Brand-Driehorst, Buss, & Ruger, 2000). Research
has suggested that that anxiety is associated with
active efforts to cope with difficult situations and
with physiological responses mobilized to support
these efforts; in contrast, depression is more likely to
be characterized by behavioral retardation and with a
related lack of mobilization of physiological re-
sources (Kubzansky et al., 1998). Thus, the negative
association found in the current study between anx-

iety and inflammation markers may be the outcome
of differentiated behavioral and physiological path-
ways and result eventually in decreased cardiovascu-
lar risk as manifested by low concentrations of in-
flammation. As the studies on immune function in
anxiety disorders are sparse, a clear-cut conclusion is
impossible. Still, evidence supports the notion that
whereas a clinical level of anxiety may reduce im-
mune function, a subclinical level may enhance im-
munity (Koh, 1998). According to Koh (1998), the
immune enhancement in subclinical anxiety may be
considered a transient phenomenon occurring prior to
the down-regulation of immune function, indicating
the body’s defense to a stressor. It is possible that all
levels of anxiety reported here were subclinical (as
there are no accepted norms for the scale used here),
and hence the negative association with the inflam-
mation biomarkers.

Depression and Microinflammation Among
Men

In contrast to the results for women, we did not
find any significant association among men between
burnout and CRP and fibrinogen. On the other hand,
among men, depressive symptoms were found in the
multiple regression analysis to be significantly and
positively associated with CRP and associated with
fibrinogen at a level approaching significance. In
addition, the logistic regression results revealed de-
pression to be associated with a 3.15-fold greater risk
(95% CIs � 1.51–6.56) of elevated CRP. This strong
association was obtained even after controlling for
two other negative affective states—burnout and
anxiety—and after controlling for obesity, thus sug-
gesting that depression is an independent risk factor
for the inflammation process in men.

This differential association of depression with
CRP concentrations for men and women replicate
similar recent findings reported in the literature, such
as those of the study by Danner, Kasl, Abramson, and
Vaccarino (2003), in which a recent history of major
depressive episode was used as the predictor variable.
It was also observed in the study by Ford and Er-
linger (2004), in which the association between de-
pression and CRP was much stronger among men
than among women, although the prevalence of de-
pression was much higher in women. Ford and Er-
linger have suggested that women with depression
are more likely to have menstrual cycle abnormalities
owing to stress and that this could be a possible
explanation for the gender differences. Testing this
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possibility in our data, we found in exploratory anal-
ysis that controlling for the menstrual cycle did not
alter our results. Other studies did find an association
between depression and CRP among both men and
women, but it was mediated by other mechanisms
such as adiposity (Miller et al., 2003, 2002). In a
recent study, Douglas et al. (2004) found that the
relationship between depression and CRP was wiped
out once they controlled for BMI. Our data revealed
the same path for women; when BMI was controlled,
the association between depression and CRP
disappeared.

A positive association between depression and fi-
brinogen was found in men, although it only ap-
proached statistical significance. This is an associa-
tion that has been less investigated, and we are not
aware of any reports of similar gender differences
(for review on past studies examining depression and
fibrinogen, see von Kanel et al., 2001). Furthermore,
as past studies did not control for burnout and anxi-
ety, a comparison of the current findings to previous
studies cannot be made. In a study conducted among
60 men, vital exhaustion was associated with de-
creased early morning fibrinolysis and increased fi-
brinogen concentrations throughout the day (van Di-
est et al., 2002). As vital exhaustion comprises
fatigue as well as depression components, these re-
sults may be indicative of the depression component
in the vital exhaustion measure.

Thus, our results of a positive association between
depression, fibrinogen, and CRP among men, even
after controlling for additional negative states such as
anxiety and burnout, lend further support to the sug-
gestion that low-grade systemic inflammation could
represent a mechanism linking depression to cardio-
vascular risk for healthy men.

Burnout, Depression, and Microinflammation:
Possible Implications of the Observed
Gender Differences

The findings here that burnout and depression are
differentially related to inflammation biomarkers in
men and women point to the importance of compar-
ing gender differences in studying the possible asso-
ciation between emotions and health, a practice that
was missing in many past studies on the topic
(Kiecolt-Glaser et al., 2002). In most of the past
studies reviewed above, though data may have been
collected for men and women, it was subsequently
combined to form one sample (e.g., Lerman et al.,
1999; Melamed et al., 1992, 1999).

The findings here suggest that in women, but not in
men, burnout is associated with low-grade inflamma-
tion, as indicated by the association with CRP and
fibrinogen concentrations. By implication, this sug-
gests that burned-out women may be at greater risk of
diabetes and future cardiovascular events compared
with their non-burned-out counterparts. This, how-
ever, does not rule out the possibility that burned-out
men may also be at greater risk for the same disease
endpoints. Indeed, the single study on this topic has
shown that burnout in men constitutes a risk factor
for CHD (Appels & Schouten, 1991a), but perhaps
through other pathways.

The reason for a gender difference in the relation-
ships between burnout and microinflammation in the
present study is not clear. However, this relationship
is consistent with the evidence that women seems to
be more susceptible to autoimmune or inflammatory
diseases, with female-to-male ratios of 4:1 for rheu-
matoid arthritis (Da Silva & Hall, 1992, 9):1 for
systemic lupus erythematosus (Lahita, 1997), and
19:1 for autoimmune thyroid disease (Wilder, 1998).
This is also consistent with evidence from laboratory
studies indicating gender differences in inflammatory
response to stress. Early evidence of a gender differ-
ence in CRP response to stress was provided by
laboratory studies of the effect of acute stress expo-
sure on proinflammatory cytokines such as IL-6. IL-6
plays an important role in mediating inflammation
and is a central stimulus for APR and the inducement
of the hepatic synthesis of CRP (Papanicolaou,
Wilder, Manolagas, & Chrousos, 1998). Steptoe et al.
(2002) found that responsivity to acute stress was
manifested by an increase in TNF in men and an
increase in IL-6 and IL-1 receptor antagonist in
women. This supports the finding of the present study
that the percentage of variance in CRP concentrations
explained by predictor variables was much higher for
women (27%) than for men (13%).

The literature on the gender differences in the
association between stress and fibrinogen is less con-
sistent. Whereas in one study negative job character-
istics were more closely associated with fibrinogen
level in women than in men (Tsutsumi, Theorell,
Hallqvist, Reuterwall, & de Faire, 1999), in another
study (Kittel et al., 2002) the trend was opposite.
Thus, further studies focusing on burnout are needed
to examine whether the gender differences concern-
ing fibrinogen concentrations are replicated. On the
other hand, the gender differences uncovered here
concerning depression and inflammation biomarkers
correspond to the findings reported in the literature
(Danner et al., 2003; Ford & Erlinger, 2004). To our
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knowledge, this is the first large-scale study indicat-
ing that burnout in women is associated with micro-
inflammation, which might have negative implica-
tions for their cardiovascular health. Further studies
are warranted to explore if this finding is replicated.

Empirical Support for the Differentiation
Between Burnout, Anxiety, and Depression

Our study provides additional support for the spec-
ificity hypothesis concerning the relationships among
affective states and CVD risk factors (Cacioppo,
Bernston, Larsen, Poehlmann, & Ito, 2000). Negative
affective states, and particularly burnout and depres-
sion, tend to co-occur (Glass & McKnight, 1996) in
prospective studies in which CVD risk factors are the
outcome variable too (Kubzansky & Kawachi, 2000).
A major strength of this study is that we were able to
investigate the relationships between inflammation
biomarkers and each of the affective states—anxiety,
depression, and burnout—and were therefore able to
depict the independent association of each of them
with the two criteria. Depressive symptomatology, as
distinct from the clinical state of depression, includes
feelings of sadness, emptiness, hopelessness, help-
lessness, dysphoric feelings, and low energy. It is the
last-mentioned component of depressive symptom-
atology that gave rise to the conjecture that burnout
may overlap with depression (Schaufeli & Buunk,
2003). Theoretically, the two constructs are different
each from the other: Depression signifies a general-
ized distress encompassing all life domains, whereas
burnout is context specific in that it refers to the
depletion of individuals’ energetic resources at work
(as assessed by the SMBM). Like depression, anxiety
is also distinct from burnout and can be defined as a
future-oriented discrete emotional experience, which
is a product of the interaction between the person and
the environment and results from perceptions of
threat, characterized by a perceived inability to pre-
dict, control, or obtain desired results in upcoming
situations (Kubzansky et al., 1998). Thus, the unique
core of burnout, depletion of energetic resources, is
distinct in its content and nomological network from
both depression and anxiety, as demonstrated by Cor-
rigan et al. (1994) and by Leiter and Durup (1994).
The high correlation between burnout, depression,
and anxiety found in this study can be explained in
part by the synchronism between these affective
states. During the early stages of burnout, it may
occur concomitantly with a high level of anxiety
because of the active coping behaviors that usually

entail a high level of arousal. When and if these
coping behaviors prove ineffective, the individual
may give up and engage in emotional detachment and
defensive behaviors that may lead to depressive
symptoms (cf. Shirom & Ezrachi, 2003). In our
study, we replicated the close associations between
burnout, depression, and anxiety often reported in the
literature (Schaufeli & Buunk, 2003; Schaufeli &
Enzmann, 1998). However, the different physiologi-
cal effects of each of these negative affective states
on the study’s criteria support the contention that the
construct of burnout is not redundant in relation to
the other indicators of poor mental health, namely
depression and anxiety.

Limitations, Strengths, and Future Directions

The results of this study should be interpreted with
caution because of some limitations. First, as our
findings were based on cross-sectional data, the tem-
poral ordering of the association of burnout, depres-
sion, and anxiety with CRP and fibrinogen concen-
trations cannot be definitively established. This view
relies on recent reviews that emphasized the corre-
sponding behavioral, mood, and cognitive concomi-
tants of the APR (for reviews, see Black, 2003;
Gabay & Kushner, 1999; Maier & Watkins, 1998).
These concomitants include lack of well-being, som-
nolence, general malaise, sickness, and tiredness,
which resemble the symptoms of burnout and vital
exhaustion. A similar bidirectional influence was
postulated with regard to depression (e.g., Konsman,
Parnet, & Dantzer, 2002). Thus, it is possible that
CRP, fibrinogen, depression, and burnout may share
common antecedents, and therefore, a third variable
may account for the linkages we have reported on. It
is possible that instead of negative emotional states
leading to inflammation, inflammation leads to neg-
ative emotional states via one’s subjective appraisal
of the situation as posing a threat to well-being or
through the inducement of an APR that is accompa-
nied by decreased physical and social activity, loss of
interest, cognitive impairment, and sleep disorders
(Corcos et al., 2002). There is compelling evidence
that concentrations of proinflammatory cytokines
(IL-1, TNF-�, IL-6) serve as a signal to the brain,
inducing adverse effects on affect and cognitive func-
tion and thereby contributing to anxiety, depression,
learned helplessness, and cognitive disturbances
(Maier & Watkins, 1998; Reichenberg et al., 2001;
Weaver et al., 2002; Wilson, Finch, & Cohen, 2002).
Thus, it is beyond the scope of the present study to
determine the causality of the relationships found. As
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chronic burnout cannot be formulated in laboratory
studies, future research should focus on prospective
studies as a key to understanding the causality of the
association between burnout and microinflammation.

A second limitation of the study is that our sample
of participants undergoing a periodic health exami-
nation may not be representative of the general pop-
ulation. Most of the individuals were highly educated
white-collar workers who exhibited generally good
health behavior patterns: They smoked little and ex-
ercised regularly. Owing to their superior health hab-
its, our participants may have been more resilient to
the effects of stress. However, it is even more likely
that the significant findings obtained here with regard
to burnout, depression, and anxiety linked with CRP
will be replicated in the less resilient general
population.

Third, based on past research, we have made the
premise that negative affect may be involved in the
pathogenesis of CVD. Focusing on the possible an-
tecedents of serum concentrations of two inflamma-
tion biomarkers may be an oversimplification of an
extremely complex pathophysiological process in-
volved in the atherosclerotic process. Cytokines and
other molecules interact with each other and with
cellular components at the blood–endothelial inter-
face in complex ways still waiting to be understood.
Traditional risk factors like high levels of cholesterol
and high blood pressure may interact synergistically
with inflammation to cause atherosclerosis. There-
fore, caution is advised in interpreting our findings as
lending support to the above premise. Further re-
search is needed to gain greater insight into the
mechanisms responsible for these findings in an at-
tempt to decipher the specific physiological process
linking burnout with CRP and fibrinogen among
women and depression with CRP among men.

Along with the limitations discussed above, our
study has major strengths, including analyzing a
fairly large sample of apparently healthy employed
people, excluding from our sample participants with
chronic disease and those taking anti-inflammatory
medicine and other types of drugs known to affect the
level of either CRP or fibrinogen, and controlling for
the well-known adverse effects of depression and
anxiety on the criteria. We also controlled for the
effects of several health behaviors, including smok-
ing and engagement in physical exercise, and biolog-
ical factors (e.g., lipid concentrations) that either
covary with CRP and fibrinogen or affect them. This,
in turn, suggests that it is unlikely that either health
behaviors or the biological factors that we controlled
for account for our findings. In addition, although

significant, the beta weights of the effects of burnout,
depression, and anxiety on the biomarkers are smaller
than .10. Although it may appear to be small,
Rosenthal, Rosnow, and Rubin (2000) have de-
scribed several examples of key clinical decisions
taken in medicine based on correlations smaller than
.05.

This study suggests a number of interesting addi-
tional avenues for future research. First, the findings
here point to the need to further explore the possibil-
ity of gender differences in the mechanisms of the
link between stress, burnout, and physical health end-
points. Second, it would be interesting to study the
possible interactive effect of burnout and other affec-
tive states (positive and negative) on inflammatory
and traditional CVD risk factors. Third, future re-
search could focus on the potential influence of per-
sonality factors, like neuroticism, on the association
between burnout, depression, and inflammation
among women. Fourth, the possible different associ-
ations between the components of the burnout syn-
drome and CVD endpoints and risk factors could be
investigated.

In conclusion, despite its limitations, this study has
revealed, for the first time, an association between
burnout and microinflammation biomarkers among
women, thus supporting the hypothesis that inflam-
mation may serve as a path leading from burnout to
cardiovascular endpoints. If replicated in longitudinal
studies, and in larger and more representative sam-
ples, these findings may have important health care
policy implications for primary-care physicians,
nurses, and community mental health professionals
with regard to stress management interventions.

References

Appels, A. (1988). Vital exhaustion as a precursor of myo-
cardial infarction. In S. Maes, C. D. Spielberger, P. B.
Defaves, & I. G. Sarason (Eds.), Topics in health psy-
chology (pp. 31–35). New York: Wiley.

Appels, A., Bar, F. W., Bar, J., Bruggeman, C., & de Baets,
M. (2000). Inflammation, depressive symptomatology,
and coronary artery disease. Psychosomatic Medicine,
62, 601–605.

Appels, A., & Schouten, E. G. W. (1991a). Burnout as a risk
factor for coronary heart disease. Behavioral Medicine,
17, 53–59.

Appels, A., & Schouten, E. G. W. (1991b). Waking up
exhausted as a risk indicator of myocardial infarction.
Psychosomatic Medicine, 68, 395–398.

Babyak, M. A. (2004). What you see may not be what you
get: A brief, nontechnical introduction to overfitting in
regression-type models. Psychosomatic Medicine, 66,
411–421.

Bargellini, A., Barbieri, A., Rovesti, S., Vivoli, R., Ronca-

357BURNOUT, DEPRESSION, ANXIETY, AND INFLAMMATION



glia, R., & Borella, P. (2000). Relation between immune
variables and burnout in a sample of physicians. Occu-
pational and Environmental Medicine, 57, 453–457.

Beaglehole, R., & Magnus, P. (2002). The search for new
risk factors for coronary heart disease: Occupational ther-
apy for epidemiologists? International Journal of Epide-
miology, 31, 1117–1122.

Black, P. H. (2002). Stress and the inflammatory response:
A review of neurogenic inflammation. Brain, Behavior,
and Immunity, 16, 622–653.

Black, P. H. (2003). The inflammatory response is an inte-
gral part of the stress response: Implications for athero-
sclerosis, insulin resistance, Type II diabetes and meta-
bolic syndrome X. Brain, Behavior, and Immunity, 17,
350–364.

Black, P. H., & Garbutt, L. D. (2002). Stress, inflammation
and cardiovascular disease. Journal of Psychosomatic
Research, 52, 1–23.

Blumenthal, J. A., Thompson, L. W., Williams, R. B., Jr., &
Kong, Y. (1979). Anxiety-proneness and coronary heart
disease. Journal of Psychosomatic Research, 23, 17–21.

Borella, P., Bargellini, A., Rovesti, S., Pinelli, M., Vivoli,
R., Solfrini, V., et al. (1999). Emotional stability, anxi-
ety, and natural killer activity under examination stress.
Psychoneuroendocrinology, 24, 613–627.

Cacioppo, J. T., Bernston, G. G., Larsen, J. T., Poehlmann,
K. M., & Ito, T. A. (2000). The psychophysiology of
emotion. In M. Lewis & J. M. Haviland-Jones (Eds.),
Handbook of emotions (pp. 173–191). New York: Guil-
ford Press.

Carinci, F., Nicolucci, A., Ciampi, A., Labbrozzi, D., Bet-
tinardi, O., Zotti, A. M., et al. (1997). Role of interactions
between psychological and clinical factors in determin-
ing 6-month mortality among patients with acute myo-
cardial infarction: Application of recursive partitioning
techniques to the GISSI-2 database. European Heart Jour-
nal, 18(5), 835–845.

Chow, G. C. (1960). Tests of equality between sets of
coefficients in two linear regressions. Econometrica, 28,
591–605.

Clauss, A. (1957). Gerinnungsphysiologische shnellmeth-
ode zur bestimmung des fibrinogens [Rapid physiologi-
cal coagulation method in determination of fibrinogen].
Acta Haematologica, 17, 237–246.

Corcos, M., Guilbaud, O., Hjalmarsson, L., Chambry, J., &
Jeammet, P. (2002). Cytokines and depression: An ana-
logic approach. Biomedecine & Pharmacotherapy, 56,
105–110.

Cordes, C. L., & Dougherty, T. W. (1993). A review and an
integration of research on job burnout. Academy of Man-
agement Review, 18, 621–656.

Corrigan, P. W., Holmes, E. P., Luchins, D., Buican, B.,
Basit, A., & Parkes, J. J. (1994). Staff burnout in a
psychiatric hospital: A cross-lagged panel design. Jour-
nal of Organizational Behavior, 15, 65–74.

Cortina, J. M. (1993). Interaction, nonlinearity, and multi-
collinearity: Implications for multiple regression. Jour-
nal of Management, 19, 915–922.

Danesh, J., Collins, R., Appleby, P., & Peto, R. (1998).
Association of fibrinogen, C-reactive protein, albumin, or
leukocyte count with coronary heart disease: Meta-anal-
yses of prospective studies. Journal of the American
Medical Association, 279, 1477–1482.

Danesh, J., Whincup, P., Walker, M., Lennon, L., Thomson,

A., Appleby, P., et al. (2000). Low grade inflammation
and coronary heart disease: Prospective study and up-
dated meta-analyses. British Medical Journal, 321,
199–204.

Danner, M., Kasl, S. V., Abramson, J. L., & Vaccarino, V.
(2003). Association between depression and elevated C-
reactive protein. Psychosomatic Medicine, 65, 347–356.

Da Silva, J. A. P., & Hall, G. M. (1992). The effects of
gender and sex hormones on outcome in rheumatoid
arthritis. Bailliere’s Clinical Rheumatology, 6, 196–219.

Davidson, R. J., & Ekman, P. (1994). Afterword: Is there
emotion-specific physiology? In P. Ekman & R. J. Da-
vidson (Eds.), The nature of emotions: Fundamental
questions (pp. 261–263). New York: Oxford University
Press.

Demerouti, E., Bakker, A. B., Nachreiner, F., & Schaufeli,
W. B. (2001). The job demands-resources model of burn-
out. Journal of Applied Psychology, 86, 499–512.

Dietrich, A. J., Oxman, T. E., Burns, M. R., Winchell,
C. W., & Chin, T. (2003). Application of a depression
management office system in community practice: A
demonstration. The Journal of the American Board of
Family Practice, 16, 107–114.

Dintenfass, L., & Zador, I. (1975). Effect of stress and
anxiety on thrombus formation and blood viscosity fac-
tors. Bibliotheca Haematologica, 41, 133–139.

Douglas, K. M., Taylor, A. J., & O’Malley, P. G. (2004).
Relationship between depression and C-reactive protein
in a screening population. Psychosomatic Medicine, 66,
679–683.

Ezzati, M., Hoorn, S. V., Rodgers, A., Lopez, A. D.,
Mathers, C. D., & Murray, C. J. L. (2003). Estimates of
global and regional potential health gains from reducing
multiple major risk factors. Lancet, 362, 271–280.

Faxon, D. P., Creager, M. A., Smith, S. C., Jr., Pasternak,
R. C., Olin, J. W., Bettmann, M. A., et al. (2004).
Atherosclerotic vascular disease conference: Executive
summary: Atherosclerotic vascular disease conference
proceeding for healthcare professionals from a special
writing group of the American Heart Association. Cir-
culation, 109, 2595–2604.

Fey, G. H., & Fuller, G. M. (1987). Regulation of acute
phase gene expression by inflammatory mediators. Mo-
lecular Biology & Medicine, 4, 323–338.

Folsom, A. R., Qamhieh, H. T., Flack, J. M., Hilner, J. E.,
Liu, K., Howard, B. V., et al. (1993). Plasma fibrinogen:
Levels and correlates in young adults. The Coronary
Artery Risk Development in Young Adults (CARDIA)
Study. American Journal of Epidemiology, 138,
1023–1036.

Ford, D. E., & Erlinger, T. P. (2004). Depression and
c-reactive protein in U.S. adults: Data from the third
National Health and Nutrition Examination Survey. Ar-
chives of Internal Medicine, 164, 1010–1014.

Franssen, P. M. L., Bultmann, U., Kant, I., & van Amels-
voort, L. G. P. M. (2003). The association between
chronic diseases and fatigue in the working population.
Journal of Psychosomatic Research, 54, 339–344.

Freeman, D. J., Norrie, J., Caslake, M. J., Gaw, A., Ford, I.,
Lowe, G. D., et al. (2002). C-reactive protein is an
independent predictor of risk for the development of
diabetes in the West of Scotland Coronary Prevention
Study. Diabetes, 51, 1596–1600.

French, J. R. P., Caplan, R. D., & Harrison, R. V. (1982).

358 TOKER, SHIROM, SHAPIRA, BERLINER, AND MELAMED



The mechanisms of job stress and strain. Chichester,
England: Wiley.

Gabay, C., & Kushner, I. (1999). Acute-phase proteins and
other systemic responses to inflammation. New England
Journal of Medicine, 340, 448–454.

Glass, D. C., & McKnight, J. D. (1996). Perceived control,
depressive symptomatology, and professional burnout: A
review of the evidence. Psychology and Health, 11,
23–48.

Gorter, R. C., Eijkman, M. A. J., & Hoogstraten, J. (2000).
Burnout and health among Dutch dentists. European
Journal of Oral Sciences, 108, 261–267.

Grossi, G., Perski, A., Evengard, B., Blomkvist, V., &
Orth-Gomer, K. (2003). Physiological correlates of burn-
out among women. Journal of Psychosomatic Research,
55, 309–316.

Hackam, D. G., & Anand, S. S. (2003). Emerging risk
factors for atherosclerotic vascular disease: A critical
review of the evidence. Journal of the American Medical
Association, 290, 932–940.

Halford, C., Anderzen, I., & Arnetz, B. (2003). Endocrine
measures of stress and self-rated health: A longitudinal
study. Journal of Psychosomatic Research, 55, 317–320.

Hallman, T., Burell, G., Setterlind, S., Oden, A., & Lisspers,
J. (2001). Psychosocial risk factors for coronary heart
disease, their importance compared with other risk fac-
tors and gender differences in sensitivity. Journal of
Cardiovascular Risk, 8, 39–49.

Hallman, T., Thomsson, H., Burell, G., Lisspers, J., &
Setterlind, S. (2003). Stress, burnout and coping: Differ-
ences between women with coronary heart disease and
healthy matched women. Journal of Health Psychology,
8, 433–445.

Hemingway, H., & Marmot, M. (1999). Evidence based
cardiology: Psychosocial factors in the aetiology and
prognosis of coronary heart disease: Systematic review
of prospective cohort studies. British Medical Journal,
318(7196), 1460–1467.

Hennekens, C. H. (1998). Increasing burden of cardiovas-
cular disease: Current knowledge and future directions
for research on risk factors. Circulation, 97, 1095–1102.

Herrick, S., Blanc-Brude, O., Gray, A., & Laurent, G.
(1999). Fibrinogen. International Journal of Biochemis-
try & Cell Biology, 31, 741–746.

Herrmann, C., Brand-Driehorst, S., Buss, U., & Ruger, U.
(2000). Effects of anxiety and depression on 5-year mor-
tality in 5,057 patients referred for exercise testing. Jour-
nal of Psychosomatic Research, 48(4–5), 455–462.

Hu, F. B., Meigs, J. B., Li, T. Y., Rifai, N., & Manson, J. E.
(2004). Inflammatory Markers and Risk of Developing
Type 2 Diabetes in Women. Diabetes, 53, 693–700.

Jeanmonod, P., von Kanel, R., Maly, F. E., & Fischer, J. E.
(2004). Elevated plasma C-reactive protein in chronically
distressed subjects who carry the A allele the TNF-alpha-
308 G/A polymorphism. Psychosomatic Medicine, 66,
501–506.

Jilma, B., Dirnberger, E., Loscher, I., Rumplmayr, A.,
Hildebrandt, J., Eichler, H. G., et al. (1997). Menstrual
cycle-associated changes in blood levels of interleukin-6,
alpha1 acid glycoprotein, and C-reactive protein. The
Journal of Laboratory and Clinical Medicine, 130,
69–75.

Joynt, K. E., Whellan, D. J., & O’Connor, C. M. (2004).
Why is depression bad for the failing heart? A review of

the mechanistic relationship between depression and
heart failure. Journal of Cardiac Failure, 10, 258–271.

Kahill, S. (1988). Symptoms of professional burnout: A
review of the empirical evidence. Canadian Psychology,
29, 284–297.

Kiecolt-Glaser, J. K., McGuire, L., Robles, T. F., & Glaser,
R. (2002). Emotions, morbidity, and mortality: New per-
spectives from psychoneuroimmunology. Annual Review
of Psychology, 53, 83–107.

Kinder, L. S., Carnethon, M. R., Palaniappan, L. P., King,
A. C., & Fortmann, S. P. (2004). Depression and the
metabolic syndrome in young adults: Findings from the
Third National Health and Nutrition Examination Sur-
vey. Psychosomatic Medicine, 66, 316–322.

Kittel, F., Leynen, F., Stam, M., Dramaix, M., de Smet, P.,
Mak, R., et al. (2002). Job conditions and fibrinogen in
14,226 Belgian workers: The Belstress study. European
Heart Journal, 23, 1841–1848.

Koenig, W. (2001). Inflammation and coronary heart dis-
ease: An overview. Cardiology in Review, 9, 31–35.

Koh, K. B. (1998). Emotion and immunity. Journal of
Psychosomatic Research, 45, 107–115.

Koh, K. B., & Lee, B. K. (1998). Reduced lymphocyte
proliferation and interleukin-2 production in anxiety dis-
orders. Psychosomatic Medicine, 60, 479–483.

Konsman, J. P., Parnet, P., & Dantzer, R. (2002). Cytokine-
induced sickness behaviour: Mechanisms and implica-
tions. Trends in Neurosciences, 25, 154–159.

Kop, W. J. (2003). The integration of cardiovascular behav-
ioral medicine and psychoneuroimmunology: New de-
velopments based on converging research fields. Brain,
Behavior, and Immunity, 17(, 233–237.

Kop, W. J., Gottdiener, J. S., Tangen, C. M., Fried, L. P.,
McBurnie, M. A., Walston, J., et al. (2002). Inflamma-
tion and coagulation factors in persons �65 years of age
with symptoms of depression but without evidence of
myocardial ischemia. The American Journal of Cardiol-
ogy, 89, 419–424.

Kop, W. J., Hamulyak, K., Pernot, C., & Appels, A. (1998).
Relationship of blood coagulation and fibrinolysis to vital
exhaustion. Psychosomatic Medicine, 60, 352–358.

Krantz, D. S., & McCeney, M. K. (2002). Effects of psy-
chological and social factors on organic disease: A crit-
ical assessment of research on coronary heart disease.
Annual Review of Psychology, 53, 341–369.

Kring, A. M., & Gordon, A. H. (1998). Sex differences in
emotion: Expression, experience, and physiology. Jour-
nal of Personality and Social Psychology, 74, 686–703.

Kubzansky, L. D., & Kawachi, I. (2000). Going to the heart
of the matter: Do negative emotions cause coronary heart
disease? Journal of Psychosomatic Research, 48(4–5),
323–337.

Kubzansky, L. D., Kawachi, I., Weiss, S. T., & Sparrow, D.
(1998). Anxiety and coronary heart disease: A synthesis
of epidemiological, psychological, and experimental ev-
idence. Annals of Behavioral Medicine, 20, 47–58.

Kuper, H., Marmot, M., & Hemingway, H. (2002). System-
atic review of prospective cohort studies of psychosocial
factors in the etiology and prognosis of coronary heart
disease. Seminars in Vascular Medicine, 2, 267–314.

Ladwig, K. H., Marten-Mittag, B., Lowel, H., Doring, A., &
Koenig, W. (2003). Influence of depressive mood on the
association of CRP and obesity in 3,205 middle aged

359BURNOUT, DEPRESSION, ANXIETY, AND INFLAMMATION



healthy men. Brain, Behavior, and Immunity, 17,
268–275.

Lahita, R. G. (1997). Predisposing factors to autoimmune
disease. International Journal of Fertile Womens Medi-
cine, 42, 115–119.

Leiter, M. P., & Durup, J. (1994). The discriminant validity
of burnout and depression: A confirmatory factor analytic
study. Anxiety, Stress, and Coping, 7, 357–373.

Lerman, Y., Melamed, S., Shragin, Y., Kushnir, T., Rot-
goltz, Y., & Shirom, A. (1999). Association between
burnout at work and leukocyte adhesiveness/aggregation.
Psychosomatic Medicine, 61, 828–833.

Libby, P., & Ridker, P. M. (2004). Inflammation and ath-
erosclerosis: Role of C-reactive protein in risk assess-
ment. American Journal of Medicine, 116(6, Suppl. 1),
9–16.

Libby, P., Ridker, P. M., & Maseri, A. (2002). Inflammation
and atherosclerosis. Circulation, 105, 1135–1143.

Lubetkin, E. I., Jia, H., & Gold, M. R. (2003). Depression,
anxiety, and associated health status in low-income Chi-
nese patients. American Journal of Preventive Medicine,
24, 354–360.

Maier, S., F., & Watkins, L. R. (1998). Cytokines for
psychologists: Implications of bidirectional immune-to-
brain communication for understanding behavior, mood,
and cognition. Psychological Review, 105, 83–107.

Maslach, C., & Jackson, S. E. (1986). The Maslach Burnout
Inventory. Palo Alto: CA: Consulting Psychologist Press.

Maslach, C., Schaufeli, W. B., & Leiter, M. P. (2001). Job
burnout. Annual Review of Psychology, 52, 397–422.

Mattiasson, I., & Lindgarde, F. (1993). The effect of psy-
chosocial stress and risk factors for ischaemic heart dis-
ease on the plasma fibrinogen concentration. Journal of
Internal Medicine, 234, 45–51.

McCaffery, J. M., Niaura, R., Todaro, J. F., Swan, G. E., &
Carmelli, D. (2003). Depressive symptoms and meta-
bolic risk in adult male twins enrolled in the National
Heart, Lung, and Blood Institute twin study. Psychoso-
matic Medicine, 65, 490–497.

Melamed, S., Kushnir, T., & Shirom, A. (1992). Burnout
and risk factors for cardiovascular disease. Behavioral
Medicine, 18, 53–60.

Melamed, S., Shirom, A., & Froom, P. (2003, March).
Burnout and risk of type 2 diabetes mellitus (DM) in
Israeli workers. Paper presented at the Work, Stress and
Health Conference. Toronto, Ontario, Canada.

Melamed, S., Ugarten, U., Shirom, A., Kahana, L., Lerman,
Y., & Froom, P. (1999). Chronic burnout, somatic
arousal and elevated cortisol levels. Journal of Psycho-
somatic Research, 46, 591–598.

Miller, G. E., Freedland, K. E., Carney, R. M., Stetler,
C. A., & Banks, W. A. (2003). Pathways linking depres-
sion, adiposity, and inflammatory markers in healthy
young adults. Brain, Behavior, and Immunity, 17,
276–285.

Miller, G. E., Stetler, C. A., Carney, R. M., Freedland,
K. E., & Banks, W. A. (2002). Clinical depression and
inflammatory risk markers for coronary heart disease.
American Journal of Cardiology, 90, 1279–1283.

National Cholesterol Education Program. (2001). Third Re-
port of the National Cholesterol Education Program
(NCEP) Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol. Journal of the
American Medical Association, 285, 2486–2497.

Nease, D. E., Jr., & Maloin, J. M. (2003). Depression
screening: A practical strategy. Journal of Family Prac-
tice, 52, 118–124.

Panagiotakos, D. B., Pitsavos, C., Chrysohoou, C., Tset-
sekou, E., Papageorgiou, C., Christodoulou, G., et al.
(2004). Inflammation, coagulation, and depressive symp-
tomatology in cardiovascular disease-free people: The
ATTICA study. European Heart Journal, 25, 492–499.

Papanicolaou, D. A., Wilder, R. L., Manolagas, S. C., &
Chrousos, G. (1998). The pathophysiologic roles of in-
terleukin-6 in human disease. Annals of Internal Medi-
cine, 128, 127–137.

Pearson, T. A., Mensah, G. A., Alexander, R. W., Anderson,
J. L., Cannon, R., Criqui, M., et al. (2003). Markers of
inflammation and cardiovascular disease: Application to
clinical and public health practice: A statement for
healthcare professionals from the Centers for Disease
Control and Prevention and the American Heart Associ-
ation. Circulation, 107, 499–511.

Penninx, B. W., Kritchevsky, S. B., Yaffe, K., Newman,
A. B., Simonsick, E. M., Rubin, S., et al. ( 2003). In-
flammatory markers and depressed mood in older per-
sons: Results from the Health, Aging and Body Compo-
sition Study. Biological Psychiatry, 54, 566–572.

Pradhan, A. D., Manson, J. E., Rifai, N., Buring, J. E., &
Ridker, P. M. (2001). C-reactive protein, interleukin 6,
and the risk of developing type 2 diabetes mellitus.
Journal of the American Medical Association, 286,
327–334.

Radloff, L. S. (1977). The CES–D Scale: A self-report
depression scale for research in the general population.
Applied Psychological Measurement, 1, 385–401.

Raikkonen, K., Lassila, R., Keltikangas-Jarvinen, L., &
Hautanen, A. (1996). Association of chronic stress with
plasminogen activator inhibitor-1 in healthy, middle-
aged men. Arteriosclerosis and Thrombosis Vascular
Biology, 16, 363–367.

Reichenberg, A., Yirmiya, R., Schuld, A., Kraus, T., Haack,
M., Morage, A., et al. (2001). Cytokine-associated emo-
tional and cognitive disturbances in humans. Archives of
General Psychiatry, 58, 445–452.

Ridker, P. M. (2003). C-reactive protein: A simple test to
help predict risk of heart attack and stroke. Circulation,
108, e81–e85.

Ridker, P. M. (2004). High-sensitivity C-reactive protein,
inflammation, and cardiovascular risk: From concept to
clinical practice to clinical benefit. American Heart Jour-
nal, 148(Suppl. 1), 19–26.

Ridker, P. M., Buring, J. E., Cook, N. R., & Rifai, N.
(2003). C-reactive protein, the metabolic syndrome, and
risk of incident cardiovascular events: An 8-year fol-
low-up of 14,719 initially healthy American women.
Circulation, 107, 391–397.

Ridker, P. M., & Cook, N. (2004). Clinical usefulness of
very high and very low levels of C-reactive protein
across the full range of Framingham risk scores. Circu-
lation, 109, 1955–1959.

Ridker, P. M., Hennekens, C. H., Buring, J. E., & Rifai, N.
(2000). C-reactive protein and other markers of inflam-
mation in the prediction of cardiovascular disease in
women. New England Journal of Medicine, 342,
836–843.

Ridker, P. M., Rifai, N., Rose, L., Buring, J. E., & Cook,
N. R. (2002). Comparison of C-reactive protein and

360 TOKER, SHIROM, SHAPIRA, BERLINER, AND MELAMED



low-density lipoprotein cholesterol levels in the predic-
tion of first cardiovascular events. New England Journal
of Medicine, 347, 1557–1565.

Ridker, P. M., Wilson, P. W. F., & Grundy, S. M. (2004).
Should C-reactive protein be added to metabolic syn-
drome and to assessment of global cardiovascular risk?
Circulation, 109, 2818–2825.

Rifai, N., & Ridker, P. M. (2003). Population distributions
of C-reactive protein in apparently healthy men and
women in the United States: Implication for clinical
interpretation. Clinical Chemistry, 49, 666–669.

Rifai, N., Tracy, R. P., & Ridker, P. M. (1999). Clinical
efficacy of an automated high-sensitivity C-reactive pro-
tein assay. Clinical Chemistry, 45, 2136–2141.

Rogowsky, O., Zeltser, D., Shapira, I., Burke, M., Zakut, V.,
Mardi, T., et al. (2004). Gender difference in C-reactive
protein concentrations in individuals with atherothrom-
botic risk factors and apparently healthy ones. Biomark-
ers, 9, 85–92.

Rohleder, N., Schommer, N. C., Hellhammer, D. H., Engel,
R., & Kirschbaum, C. (2001). Sex differences in glu-
cocorticoid sensitivity of proinflammatory cytokine pro-
duction after psychosocial stress. Psychosomatic Medi-
cine, 63, 966–972.

Rose, R. (1999). Atherosclerosis: An inflammatory disease.
New England Journal of Medicine, 340, 115–126.

Rosenthal, R., Rosnow, R. L., & Rubin, D. B. (2000).
Contrasts and effect sizes in behavioral research. Cam-
bridge, England: Cambridge University Press.

Ross, R. (1999). Atherosclerosis—An inflammatory dis-
ease. New England Journal of Medicine, 340, 115–126.

Rozanski, A., Blumenthal, J. A., & Kaplan, J. R. (1999).
Impact of psychological factors on the pathogenesis of
cardiovascular disease and implications for therapy. Cir-
culation, 99, 2192–2217.

Rugulies, R. (2002). Depression as a predictor for coronary
heart disease: A review and meta-analysis. American
Journal of Preventive Medicine, 23, 51–61.

Ryff, C. D., & Singer, B. (2003). The role of emotion on
pathways to positive health. In R. J. Davidson, K. R.
Scherer, & H. H. Goldsmith (Eds.), Handbook of affec-
tive sciences (pp. 1083–1104). New York: Oxford Uni-
versity Press.

Sattar, N., Gaw, A., Scherbakova, O., Ford, I., O’Reilly,
D. S. J., Haffner, S. M., et al. (2003). Metabolic syn-
drome with and without C-reactive protein as a predictor
of coronary heart disease and diabetes in the West of
Scotland Coronary Prevention Study. Circulation, 108,
414–419.

Schaufeli, W. B., & Buunk, B. P. (2003). Burnout: An
overview of 25 years of research and theorizing. In M. J.
Schabracq, J. A. M. Winnubst, & C. C. Cooper (Eds.),
The handbook of work and health psychology (2nd ed.,
pp. 383–429). West Sussex, U.K.: Wiley.

Schaufeli, W. B., & Enzmann, D. (1998). The burnout
companion to study and practice: A critical analysis.
Washington, DC: Taylor & Francis.

Sesso, H. D., Buring, J. E., Rifai, N., Blake, G. J., Gaziano,
J. M., & Ridker, P. M. (2003). C-reactive protein and the
risk of developing hypertension. Journal of the American
Medical Association, 290, 2945–2951.

Sheiner, E., Sheiner, E. K., Carel, R., Potashnik, G., &
Shoham-Vardi, I. (2002). Potential association between
male infertility and occupational psychological stress.

Journal of Occupational and Environmental Medicine,
44, 1093–1097.

Shirom, A. (1989). Burnout in work organizations. In C. L.
Cooper & I. Robertson (Eds.), International review of
industrial and organizational psychology (pp. 25–48).
New York: Wiley.

Shirom, A. (2003). Job-related burnout. In J. C. Quick &
L. E. Tetrick (Eds.), Handbook of occupational health
psychology (pp. 245–265). Washington, DC: American
Psychological Association.

Shirom, A. (n.d.). Shirom–Melamed Burnout and Vigor
Measures: Copies of the questionnaires in Hebrew and
English, norms, and sharing of results. Retrieved August
26, 2005, from http://recanati.tau.ac.il/faculty/shirom_
arie.htm

Shirom, A., & Ezrachi, Y. (2003). On the discriminant
validity of burnout, depression, and anxiety: A re-exam-
ination of the burnout measure. Anxiety, Stress and Cop-
ing, 16, 83–99.

Shirom, A., Melamed, S., Toker, S., Berliner, S., & Shapira,
I. (2005). Burnout and health: Current knowledge and
future research directions. In A. Anthoniou & C. Cooper
(Eds.), New perspectives in occupational health (Vol. 20,
pp. 269–309). London, U. K & Athens, Greece: Wiley
and Greek Universities Publishing House.

Shirom, A., Westman, M., Shamai, O., & Carel, R. S.
(1997). Effects of work overload and burnout on choles-
terol and triglycerides levels: The moderating effects of
emotional reactivity among male and female employees.
Journal of Occupational Health Psychology, 2, 275–288.

Spitzer, R. L., Kroenke, K., Williams, J. B., & and the
Patient Health Questionnaire Primary Care Study Group.
(1999). Validation and utility of a self-report version of
PRIME-MD: The PHQ primary care study. Journal of
the American Medical Association, 282, 1737–1744.

Spitzer, R. L., Williams, J. B., Kroenke, K., Linzer, M.,
deGruy, F. V., 3rd, Hahn, S. R., et al. (1994). Utility of
a new procedure for diagnosing mental disorders in pri-
mary care. The PRIME-MD 1000 study. Journal of the
American Medical Association, 272, 1749–1756.

State of Israel Ministry of Health. (2001). Health in Israel
2001: Selected data. Jerusalem: Israel Department of
Health Information.

Steptoe, A., Owen, N., Kunz-Ebrecht, S. R., & Mohamed-
Ali, V. (2002). Inflammatory cytokines, socioeconomic
status, and acute stress responsivity. Brain Behavior &
Immunity, 16, 774–789.

Strike, P. C., & Steptoe, A. (2004). Psychosocial factors in
the development of coronary artery disease. Progress in
Cardiovascular Diseases, 46, 337–347.

Theorell, T. (2002). Job stress and fibrinogen. European
Heart Journal, 23, 1799–1801.

Toker, S., Rogowski, O., Melamed, S., Shirom, A., Shapira,
I., Berliner, S., et al. (2004). Association of components
of the metabolic syndrome with the appearance of aggre-
gated red blood cells in the peripheral blood. An unfa-
vorable hemorheological finding. Diabetes/Metabolism
Research and Reviews, 21, 197–202.

Tsutsumi, A., Theorell, T., Hallqvist, J., Reuterwall, C., &
de Faire, U. (1999). Association between job character-
istics and plasma fibrinogen in a normal working popu-
lation: A cross sectional analysis in referents of the
SHEEP Study. Stockholm Heart Epidemiology Program.

361BURNOUT, DEPRESSION, ANXIETY, AND INFLAMMATION



Journal of Epidemiology and Community Health, 53,
348–354.

van Diest, R., & Appels, A. (1991). Vital exhaustion and
depression: A conceptual study. Journal of Psychoso-
matic Research, 35 (4–5), 535–544.

van Diest, R., Hamulyak, K., Kop, W. J., van Zandvoort, C.,
& Appels, A. (2002). Diurnal variations in coagulation
and fibrinolysis in vital exhaustion. Psychosomatic Med-
icine, 64, 787–792.

Verma, S., Szmitko, P. E., & Yeh, E. T. H. (2004). C-re-
active protein: Structure affects function. Circulation,
109, 1914–1917.

von Kanel, R., Frey, K., & Fischer, J. E. (2004). Indepen-
dent relation of vital exhaustion and inflammation to
fibrinolysis in apparently healthy subjects. Scandinavian
Cardiovascular Journal, 38, 28–32.

von Kanel, R., Mills, P. J., Fainman, C., & Dimsdale, J. E.
(2001). Effects of psychological stress and psychiatric
disorders on blood coagulation and fibrinolysis: A biobe-
havioral pathway to coronary artery disease? Psychoso-
matic Medicine, 63, 531–544.

Vorster, H. H. (1999). Fibrinogen and women’s health.
Thrombosis Research, 95, 137–154.

Weaver, J. D., Huang, M. H., Albert, M., Harris, T., Rowe,

J. W., & Seeman, T. E. (2002). Interleukin-6 and risk of
cognitive decline: MacArthur Studies of Successful Ag-
ing. Neurology, 59, 371–378.

Wilder, R. L. (1998). Hormones, pregnancy, and autoim-
mune diseases. Annals of the New York Academy of
Sciences, 840, 45–50.

Wilson, C. J., Finch, C. E., & Cohen, H. J. (2002). Cyto-
kines and cognition- The case for a head-to-toe inflam-
matory paradigm. Journal of the American Geriatrics
Society, 50, 2041–2056.

Wirtz, P. H., von Kanel, R., Schnorpfeil, P., Ehlert, U.,
Frey, K., & Fischer, J. E. (2003). Reduced glucocorticoid
sensitivity of monocyte interleukin-6 production in male
industrial employees who are vitally exhausted. Psycho-
somatic Medicine, 65, 672–678.

Wojciechowski, F. L., Strik, J. J. M. H., Falger, P., Lous-
berg, R., & Honig, A. (2000). The relationship between
depressive and vital exhaustion symptomatology post
myocardial infarction. Acta Psychiatrica Scandinavica,
102, 359–365.

Received November 9, 2004
Revision received March 4, 2005

Accepted March 4, 2005

362 TOKER, SHIROM, SHAPIRA, BERLINER, AND MELAMED


