Burnout and Risk of Type 2 Diabetes: A Prospective Study of Apparently
Healthy Employed Persons
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Objective: This prospective study was designed to test the extent to which the onset of type 2 diabetes in apparently healthy
individuals was predicted by burnout, a unique affective response to combined exposure to chronic stressors. Methods: The study
participants were 677 employed men and women who were followed up for 3 to 5 years (mean = 3.6 years) for the onset of
diagnosed type 2 diabetes. Burnout was assessed by the Shirom-Melamed Burnout Measure with its three subscales: emotional
exhaustion, physical fatigue, and cognitive weariness. Results: The burnout symptoms were remarkably consistent over the
follow-up period irrespective of changes in place of work and in employment status. During the follow-up period, 17 workers
developed type 2 diabetes. Logistic regression results indicated that burnout was associated with a 1.84-fold increased risk of
diabetes (95% confidence interval [CI] = 1.19-2.85) even after adjusting for age, sex, body mass index, smoking, alcohol use,
leisure time physical activity, initial job category, and follow-up duration. In a subsample of 507 workers, the relative risk of
diabetes was found to be much higher after additional control for blood pressure levels (odds ratio = 4.32, 95% CI = 1.75-10.67),
available only for this subsample. Conclusions: These findings suggest that chronic burnout might be a risk factor for the onset

of type 2 diabetes in apparently healthy individuals. Key words: type 2 diabetes, stress, burnout.

CI = confidence interval; CVD = cardiovascular disease; SMBM =
Shirom-Melamed Burnout Measure; HbAle = glycosylated hemo-
globin Alc; VE = vital exhaustion; MI = myocardial infarction;
MBI = Maslach Burnout Inventory; BMI = body mass index;
SBP = systolic blood pressure; DBP = diastolic blood pressure;
OR = odds ratio; APR = acute phase response; CRP = C-reactive
protein; HDL = high-density lipoprotein; HPA = hypothalamic—
pituitary—adrenal.

INTRODUCTION

ype 2 diabetes, a complex disorder characterized by im-

paired secretion of insulin and increased resistance to
insulin, is associated with a two- to four-fold increased risk of
coronary heart disease and a four-fold increase in mortality
from coronary heart disease (1) as well as increased risk of
peripheral vascular disease, renal failure, and blindness (2,3).
The past 2 decades have witnessed an explosive increase in
the number of people diagnosed with diabetes worldwide,
particularly with type 2 diabetes (4—06).

It has been suggested that stress plays a significant role in
the etiology of type 2 diabetes (7). In animal studies, stressful
situations have been shown to induce hyperglycemia (8), but
only a small number of studies have systematically tested the
response in human beings (9). Moreover, most of the studies
that have examined the proposition were cross-sectional in
design (e.g., (10)) focused on stressful life events and the
onset of type 1 diabetes and yielded inconclusive results (for
a review of these studies, see (11-13)). Even fewer studies
have explored the link between work-related stress and the
development of type 2 diabetes. Some have shown that the
risk of developing type 2 diabetes is higher in certain occu-
pations (14,15). Other studies that focused on working hours
have yielded conflicting results (16,17). Only two cross-sec-
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tional studies have directly examined the association between
job strain (gauged by a combination of high psychological
demand and low decision latitude) and clinically diagnosed
type 2 diabetes, and they obtained mixed results: negative
results were obtained in the first study (18) and low decision
latitude was associated with the risk of type 2 diabetes in the
second study but not high demands (19). Therefore, the hy-
pothesis that work-related stress is causally implicated in the
etiology of diabetes awaits further elucidation.

An inherent problem in exploring the possible link between
chronic stress at work and the risk of diabetes is deciding
which stressor to focus on given the multitude of chronic
stresses to which the individual might be simultaneously ex-
posed. Examples of chronic stresses at work might include
overload, within- or cross-role conflicts, injustice, inequity,
uncertainty, under-reward, threats of regular physical abuse,
ambiguity, job insecurity, job complexity, structural con-
straints, and sexual harassment (20). Furthermore, the stress
literature covers other types of stresses, besides chronic ones,
including daily hassles, sudden traumas, and critical life
events of the type shown in past research to be related to the
onset of diabetes (10,13). It has been suggested that these
types may be placed on a continuum that reflects their relative
discreteness and time boundaries (21). Most studies designed
to predict health outcomes have focused on a specific subset
of stresses. We suggest, however, that focusing on burnout,
representing as it does the depletion of energetic coping re-
sources as a result of prolonged combined exposure to chronic
work and life stresses, offers a promising alternative research
strategy that could complement the frequently used strategy of
focusing on subsets of stresses.

The purpose of the present study was to explore the pos-
sibility of an association between the risk of type 2 diabetes
and burnout, a unique affective multidimensional response to
stress, the core components of which are emotional exhaus-
tion, physical fatigue, and cognitive weariness (22,23). Burn-
out, thus defined, does not overlap with related affective
dysfunctions such as depression and anxiety (24—27). More-
over, it is conceptually distinct from a temporary state of
fatigue that passes after a period of rest. Although there is
compelling evidence from longitudinal studies to suggest that
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chronic stressors at work and burnout are reciprocally related
over time (e.g., (28—-31)), burnout is conceptually and empir-
ically distinct from chronic stress. The empiric support for this
argument is based on two meta-analytic studies that have
investigated the relations between burnout and chronic stress
(32,33) and found low to moderate metacorrelations be-
tween overall burnout and the chronic stresses, mostly
ranging in the 0.30s.

Attesting to its chronic nature, other studies have demon-
strated that the phenomenon of burnout exhibits remarkable
stability over time regardless of sample makeup, cultural
context, and length of time of the follow-up survey. The
cross-time (diachronic) correlations were found to range from
0.50 to 0.60 even with a time interval extending up to 8§ years
(for review, see (34,35)).

Recently accumulated evidence suggests that burnout has a
negative impact on physical health and may be considered a
risk factor for physical morbidity and bodily disorders. It has
been found to be associated with cardiovascular disease (CVD)
risk (36,37) and risk factors for CVD such as atherogenic lipid
profile (38,39), sleep disturbances (40,41), impaired fertility (42),
musculoskeletal pain, even after controlling for job strain and
other possible confounding variables (43), and poor self-rated
health (44—-46). For further elaboration on the possible
mechanisms of the link between burnout and physical mor-
bidity and bodily disorders, particularly CVD, see Melamed
et al.’s review (35).

There are some indications that burnout might be associ-
ated with the risk of type 2 diabetes. Using the Shirom-
Melamed Burnout Measure (SMBM), Melamed et al. (38)
found a positive correlation between burnout and adjusted
serum glucose levels. Applying the same measure of burnout,
Grossi et al. (40) found that it was associated with elevated
glycosylated hemoglobin Alc (HbAlc) among women, inde-
pendent of confounders, including depression. HbAlc mea-
sures average glycemic levels over a time scale of weeks,
whereas plasma glucose varies greatly on a given day and
from day to day and is thus a more accurate and stable
measure than fasting blood glucose levels (47). However,
HbAlc is recommended not as a diagnostic test for diabetes,
but rather to monitor the effectiveness of glycemic therapy
(48). In a study of apparently healthy men, Raikkonen et al.
(49) found that a cluster of certain characteristics related to yet
another measure of burnout, vital exhaustion (VE, see (50)),
which has been used to gauge feelings of excessive tiredness,
lack of energy, irritability, demoralization, and hostility, were
linked to the development of insulin resistance syndrome, a
risk factor for type 2 diabetes. All studies were cross-sectional
in nature, and none of them examined the association between
burnout and diagnosed type 2 diabetes. However, in a case—
control cross-sectional study, Wijman and her colleagues (51)
found that burnout (as gauged by the Maslach Burnout Inven-
tory [MBI]) did not differentiate between those with diabetes
and apparently healthy individuals. This present study is the
first attempt to examine the association between burnout and
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the incidence of type 2 diabetes in a follow-up study of
apparently healthy people.

METHODS
Participants

Study participants (N = 1183) were all apparently healthy employees
pooled together from two samples: one sample consisted of workers (n = 887)
who underwent an onsite health checkup at their workplace conducted by the
National Institute of Occupational and Environmental Health (NIOEH),
Raanana; the second comprised workers (n = 296) who participated in a
study, conducted by the same institute, on job strain and burnout. Baseline and
follow-up data were collected during the years 1998 to 2003. Three to 5 years
(mean = 3.6 years) after the baseline measures were taken, 901 (76.2%)
workers were located and asked to complete a follow-up demographic and
medical questionnaire. Eight hundred forty-five (93.8%) agreed to take part in
the follow-up study. One hundred fifty-one subjects were excluded from the
study for having chronic diseases at the baseline (hypertension, coronary heart
disease, diabetes, stroke, and cancer), and 26 subjects had missing data on one
or more of the study variables. The final sample consisted of 677 subjects
(76.5% men). Their mean age was 42.6 years (standard deviation [SD] =
9.56); they had on average 13.3 years of education (SD = 3.19). We
systematically checked for nonresponse bias and found that nonparticipants
did not differ from participants on any of the sociodemographic or biomedical
variables.

Procedure

The study was approved by the local NIOEH ethics committee. At time 1,
all participants completed a sociodemographic and medical questionnaire. For
those workers who had undergone a medical checkup, the data on blood
pressure levels obtained in these checkups was also used in the present study.
These levels had been measured three times, in a sitting position, after 10
minutes of rest. The second and third measures were averaged and used as the
baseline measure in our study. Only 507 subjects had blood pressure data. The
follow-up questionnaire was either handed to study participants at their
workplace or mailed to them if they were no longer gainfully employed.
Confidentiality was assured, and each participant signed a written informed
consent statement.

Measures

Both the baseline and the follow-up questionnaires covered background
information, occupational data, the burnout measure, information on health
habits and physical morbidity factors. The occupational data included job
description, which served as a basis for classification into five job categories:
senior management position, middle management or supervisory position,
professionals (e.g., engineers, laboratory technicians, teachers, and computer
workers), nonprofessional workers, and self-employed persons. In the fol-
low-up questionnaire, the respondents also had to note changes in place of
work and changes in employment status. Based on these data, the participants
were classified into four categories: working in the same workplace, have
changed workplace, retired, and unemployed at the time of follow-up. Health
habits included smoking, alcohol use, and leisure time physical activity.

Incidence of Type 2 Diabetes

The occurrence of new cases of type 2 diabetes was based on self-reports
of diagnosed and treated diseases. The use of self-reported diabetes (and of
other chronic diseases) as an indicator of health status is a common practice
in many epidemiologic studies and surveys (52—57). Reliable evidence indi-
cates that there is substantial to excellent agreement between self-reported
diabetes and medical record data, in-person interview data, or clinical diag-
nosis, with kappa coefficient values ranging from 0.76 to 0.85 (58—61) and
specificity over 95% (59,62,63). Also included in the follow-up questionnaire
were other chronic diseases such as hypertension, myocardial infarction (MI),
stroke, and cancer.
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Burnout Measure

Burnout was measured by the 14 items of the SMBM, which comprises
three subscales: emotional exhaustion (e.g., “I feel like my emotional batteries
are dead”), physical fatigue (e.g., “I am physically exhausted”), and cognitive
weariness (“My thinking process is slow” (64)). Items were scored on a
7-point frequency scale, ranging from 1 = almost never to 7 = almost always.
The mean score across the 14 items was used. The actual range of the initial
burnout score was 1.00 to 6.92. The reliability coefficient (Cronbach’s alpha)
for the SMBM was 0.91. A series of studies confirmed expected relationships
between the SMBM and physiological variables thus substantiating its con-
struct validity (35). In these studies, respondents’ total score on the SMBM
was used to predict risk factors for cardiovascular disease (38,39), quasiin-
flammatory factors in the blood (64), salivary cortisol levels (41), upper
respiratory infections (65), and inflammation biomarkers (66). The psycho-
metric characteristics of the SMBM have been systematically compared with
those of the MBI (67) with very favorable results. All participants completed
the SMBM at time 1. However, at time 2, only 352 (52.0%) of the participants
did so, mainly because certain employers specifically requested that the
follow-up questionnaire be shortened.

Control Variables

The most important risk factor in the onset of type 2 diabetes is obesity
(68). Other established risk factors include age and family history of diabetes.
Additional factors found to be associated with this condition are alcohol
intake, reduced physical activity, and hypertension (69-71). So these vari-
ables (age, body mass index [BMI] [kg/m?], smoking [yes/no], alcohol use
[wine =3 glasses per week; beer and other alcoholic beverages =1 glass per
week], engaging in physical activity [yes/no], systolic blood pressure [SBP],
and diastolic blood pressure [DBP] as well as gender, educational level, and
family history of diabetes) were measured and controlled for in the current
study. However, for a variety of reasons, including migrating to Israel alone
or being the children of parents who died abroad, over one third of the
subjects did not know if their parents had diabetes. So we had to omit this
variable from the analysis.

Analyses

Paired -tests were conducted to explore if there was a difference across
time in mean burnout scores by employment status. Univariate analysis was
used to examine whether those who scored high on burnout (above the mean
on the SMBM) differed from their counterparts on other study variables.
Multivariate analysis was performed to test the association between burnout
and the incidence of diabetes (the onset of new cases of diabetes during the
follow-up period) while controlling for all the possible confounding variables
listed previously, including job category and follow-up duration.

RESULTS

According to Zapf et al. (72), to confirm the inference of
causality in the stressor—strain relationship in longitudinal
studies, one needs not only to ensure the stressor existed
before ill health developed (as indeed we did by selecting
workers not having diabetes at T1), but also to demonstrate
that the stressor persisted during the follow-up period. We had
the T2 measure of burnout for 358 participants. The cross-
time correlation for this outcome was calculated to be 0.54
(p < .0001). The mean value of the burnout score was re-
markably stable across the follow-up period: 2.51 and 2.52 for
T1 and T2, respectively. No significant difference was found
between those who had T2 burnout data and the 319 partici-
pants not having such data on T1 key parameters of age,
gender, education, BMI, burnout, and diabetes incidence dur-
ing the follow-up period. The former group, however, partic-
ipated more in leisure time physical activity (42.1% versus
33.6%, respectively), had higher rate of alcohol use (27.9%
versus 19.8%, respectively), and lower rate of smoking
(21.5% versus 28.7%, respectively).

The characteristics of workers scoring high and low on
burnout (using the sample mean as the cutoff point) are shown
in Table 1. These groups did not differ in age, sex, education
level, BMI, and health habits such as smoking and alcohol use.
They did differ, however, on leisure time physical activity
engagement. Not surprisingly, those who scored high on burn-
out reported less engagement in physical activity. In the sub-
sample of workers for whom we had blood pressure measures,
the burned-out workers had significantly lower SBP, but not
DBP.

During the follow-up period, 17 workers (2.5%) developed
type 2 diabetes. The incidence was much higher in the burned-
out workers (3.2%) compared with the others (1.8%, odds
ratio [OR] = 1.5, 95% confidence interval [CI] = 1.07-2.25).

The association between burnout and risk of diabetes was
also tested in multivariate analysis while controlling for pos-
sible confounding variables. The logistic regression results

TABLE 1. Characteristics of Workers Scoring Low and High on Burnout

Low Burnout

High Burnout

b

(n = 329) (n = 348) P
Age (years) 43.34 = 9.53 41.92 £ 9.25 .055
Sex (percent males) 49.7 50.3 .23
Education (years) 13.7 £2.98 13.4 + 3.07 .21
Body mass index 26.3 + 4.11 26.2 +4.19 .68
Leisure time physical activity (percent yes) 54.3 45.7 .017
Alcohol use (percent) 25.5 22.7 .38
Smoking (percent yes) 243 25.6 .70
Systolic blood pressure (mm Hg)“ 122.69 = 14.72 119.21 = 13.36 <.001
Diastolic blood pressure (mm Hg)“ 75.06 £ 9.64 74.27 = 9.47 .35
Type 2 diabetes (new cases) 6 (1.8%) 11 (3.2%) OR =1.5,95%
Cl =1.07-2.25
“Based on n = 261 and n = 247, respectively.
 Based on t-test or x* test results.
OR = odds ratio; CI = confidence interval.
Psychosomatic Medicine 68:863-869 (2006) 865
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TABLE 2. Logistic Regression for Predicting Type 2 Diabetes
Incidence by Burnout and Several Control Variables”

95% Confidence

Variable Odds Ratio
Interval
Burnout 1.84 1.19-2.85 <.001
Age 1.09 1.02-1.16 <.001
Sex 0.14 0.29-0.92 .04
Body mass index 1.23 1.09-1.39 <.001
Smoking 2.51 0.8-8.02 12
Leisure time physical activity 0.32 0.08-1.22 .09
(percent yes)
Alcohol use (percent) 0.34 0.08-1.72 .20

“ Including job category and follow-up duration.

presented in Table 2 indicate that burnout (used as a contin-
uous variable) was associated with a 1.84-fold increased risk
of type 2 diabetes (95% CI = 1.19-2.85) even after control-
ling for age, sex, BMI, smoking, alcohol use, leisure time
physical activity, job category, and follow-up duration. Fi-
nally, we repeated this analysis in the subsample of workers
(n = 507) for whom we had blood pressure measures. The
incidence of diabetes in this subsample was somewhat lower
(2.0%) than in the full sample, but the association between
burnout and diabetes risk was much higher than before (rela-
tive risk = 4.32, 95% CI = 1.75-10.63); this is while also
controlling for blood pressure levels. In this analysis, SBP also
turned out to be associated with risk of diabetes, but the
magnitude of the association was much lower (OR = 1.09,
95% CI = 1.00—1.20) than for burnout. No significant result
was obtained for DBP. No difference was found between this
subsample of workers and the other 170 workers who did not
have blood pressure measures on T1 key parameters of age,
education, BMI, alcohol use, burnout, and diabetes incidence
during the follow-up period. The former group, however, had
higher percentage of women (27.9 versus 10.3, respectively)
and lower rate of participation in leisure time physical activ-
ities (33.5% versus 51.1%, respectively).

DISCUSSION

The major finding of the present follow-up study is the
association of burnout with a 1.84-fold increase in the risk of
type 2 diabetes in apparently healthy workers even after
controlling for several potential confounding variables. These
include age, sex, BMI, smoking, leisure time physical activity,
alcohol use, and job category. On controlling for blood pres-
sure levels, in the subsample of workers for whom this data
were available, a much higher risk was discovered (OR =
4.32,95% CI = 1.75-10.63). This latter finding is particularly
meaningful given that the incidence of new cases of diabetes
in this subsample was somewhat lower than in the total
sample, and the characteristics of the workers, including burn-
out level, were no different from those of the total sample
(data not shown). Adjustment for blood pressure levels is
important given the findings (cited previously) of an associa-
tion between hypertension and risk of diabetes. Consistent
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with these findings, we also uncovered here that the SBP
levels were marginally associated with diabetes risk. It was
interesting to note, however, that burned-out persons in the
current study had significantly lower SBP levels compared
with their nonburned-out counterparts. This perhaps explains
the increase in the adjusted risk of diabetes observed in
burned-out persons after controlling for blood pressure levels.
At any rate, the finding here concerning blood pressure is
consistent with a previous report of a lack of association
between burnout and blood pressure levels (38). Thus, the
current finding suggests that the link between burnout and
diabetes is not mediated by hypertension. Alternative mecha-
nisms potentially underlying the effects that we have found
are discussed subsequently.

Another noteworthy finding here is the remarkable consis-
tency of the burnout symptoms over the 3 to 5 years of follow
up. The mean burnout score of study participants did not
change over time, and the cross-time correlation was 0.54.
This is consistent with similar findings obtained in other
studies, some of them with even longer follow-up periods (see
“Introduction”). The important health implication of this find-
ing is that prolonged endurance of the affective state of
burnout may set the stage for various pathophysiological
processes (briefly outlined subsequently) that may culminate
in health impairment such as the onset of type 2 diabetes.

Further studies are needed to crossvalidate this association
between burnout and risk of type 2 diabetes in other samples
of workers. In parallel, studies may also be initiated to explore
the mechanism of the link, including possibilities such as the
induction of an acute phase response (APR) followed by a
chronic inflammatory process. There is evidence to suggest
that stress alone can induce the APR (73,74), which may take
the form of dyslipidemia (increased triglycerides and lower
high-density lipoprotein [HDL] cholesterol), the sickness re-
sponse, and the induction in the liver of acute phase proteins
(amyloid precursor proteins [APPs], e.g., C-reactive protein
[CRP], and fibrinogen). Cytokins, in particular interleukin 6,
are the main inducers of the APR. Corticosteroids and cat-
echolamines, the major stress mediators, enhance this in-
duction to a variable extent. Corticoids may simulate the
expression of most APPs directly. Moreover, together with
cytokines, glucocorticoids evoke a strong synergistic enhance-
ment of most APPs (74). Thus, chronic stress may induce
chronic APR, which mediates many of the inflammatory and
metabolic events that may culminate in the insulin resistance
syndrome (manifested by glucose intolerance with hypergly-
cemia), type 2 diabetes, and the metabolic syndrome (74).

There is evidence to suggest that burnout is associated with
many of the key players in the pathway of the link outlined
previously among stress, insulin resistance, and type 2 diabe-
tes. Various studies have reported an association between
burnout and components of the metabolic syndrome (such as
elevated glucose levels and triglycerides and reduced HDL
cholesterol levels), an elevated level of HbAlc, dysregulation
of the hypothalamic—pituitary—adrenal (HPA) axis (mani-
fested by decreased cortisol response to awakening, hyper-
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or hypocortisolism and flattened cortisol curve), increased
concentration of proinflammatory cytokines, and inflam-
mation biomarkers such as CRP and fibrinogen (for a
review, see (35)).

There is substantial evidence indicating that many of these
physiological parameters are associated with increased risk of
type 2 diabetes (because a full review of such evidence is
beyond the scope of the present article, the interested reader is
referred to existing reviews, (e.g., (75,76)). To illustrate, per-
turbation of the HPA axis was found to be prospectively
associated with an increased incidence of type 2 diabetes
(77,78). The same applies to increased levels of CRP and
interleukin-6 (79—81) and the metabolic syndrome (82).

In addition, burnout has been found to be associated with
sleep disturbances, particularly insomnia (41), which have, in
turn, been shown to be associated with type 2 diabetes in a
number of studies (e.g., (83,84)). Thus, these findings suggest
yet another complementary mechanism for the link between
burnout and diabetes.

We should, however, note a number of caveats. We did not
measure visceral obesity, a better predictor of diabetes risk
than BMI (85,86) that has been suggested as a mediator of the
link between HPA axis activity and the development of type 2
diabetes (78). Thus, future research should control for both
BMI and visceral obesity. The incomplete data on family
history of diabetes prevented us from controlling for this
possible cofounder of the multivariate analysis. We did, how-
ever, examine among those who had such data if family
history of diabetes was associated with burnout levels and
found no such association. In the total sample, data on family
history of diabetes was available for 428 participants. Of those
scoring high on burnout (n = 225) 22.2% reported having
such history. This figure did not significantly differ from the
18.2% reported by those scoring low on burnout (n = 203,
p = .28). A similar trend was observed in the subsample of
participants having blood pressure data. The corresponding
percentages were 20.5 and 19.5, p = .41. Finally, we did not
control for depression. A recent meta-analytic study that sug-
gests that depression may be a risk factor for the onset of type
2 diabetes, the pooled relative risk ranged from 1.26 to 1.37,
depending on the model applied (87). Empiric evidence shows
that burnout measures have positive moderate correlations
with depression (24,88-91). However, factor analytic studies
of items measuring burnout and depression (26,92) have gen-
erally found the two constructs to load on different factors,
indicating that they probably tap different domains. Moreover,
accumulating evidence indicates that burnout and depression
are differentially linked to disease mediators (35). Further-
more, recent studies have shown that the association between
burnout and risk indicators such as inflammation biomarkers
is not mediated by depression (40,66,93). Thus, we recom-
mend that future studies include a depression measure to
enable a test of whether the association between burnout and
diabetes risk uncovered here persist even after controlling for
depression. Nevertheless, the strength of the present study is
its longitudinal design, and the follow up of initially healthy
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workers, which allows for an interpretation of causality in the
link between burnout and risk of diabetes that persists after
controlling for possible confounding variables.

CONCLUSION

The findings of the present study increase our knowledge
of the potential risk to health of chronic burnout. Previous
studies have demonstrated that burnout may pose a risk of
CVD and other bodily disorders (see Melamed et al. (35)); the
findings here suggest that the risk to health may also be
generalized to the development of type 2 diabetes. Altogether,
they confirm the need to find effective primary interventions
to reduce burnout before it becomes chronic, thereby reducing
the potential risk of physical health impairment.

REFERENCES

1. Haffner SJ, Cassels H. Hyperglycemia as a cardiovascular risk factor.
Am J Med 2003;115:6S-118S.

2. Bailes BK. Diabetes mellitus and its chronic complications. AORN J
2002;76:266—82.

3. Beckman JA, Creager MA, Libby P. Diabetes and atherosclerosis. JAMA
2002;287:2570—81.

4. Seidell JC. Obesity, insulin resistance and diabetes-a worldwide epi-
demic. Br J Nutr 2000;83(suppl 1):S5-S8.

5. Zimmet P, Alberti KG, Shaw J. Global and societal implications of the
diabetes epidemic. Nature 2001;414:782-7.

6. Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence of
diabetes: estimates for the year 2000 and projections for 2030. Diabetes
Care 2004;27:1047-53.

7. Wales JK. Does psychological stress cause diabetes?. Diabet Med 1995;
12:109-12.

8. Surwit RS, Schneider MS, Feinglos MN. Stress and diabetes mellitus.
Diabetes Care 1992;15:1413-22.

9. Surwit RS, Schneider MS. Role of stress in the etiology and treatment of
diabetes mellitus. Psychosom Med 1993;55:380-93.

10. Mooy JM, Vries HD, Grootenhuis PA. Major stressful life events in
relation to prevalence of undetected type 2 diabetes. Diabetes Care
2000;23:197-201.

11. Beardsley G, Goldstein MG. Psychological factors affecting physical
condition: endocrine disease literature review. Psychosomatics 1993;34:
12-9.

12. Cosgrove M. Do stressful life events cause type 1 diabetes? Occup Med
2004;54:250—4.

13. Lloyed C, Smith J, Weiner K. Stress and diabetes: a review of the links.
Diabetes Spectrum 2005;18:121-6.

14. Cobb S, Rose RM. Hypertension, peptic ulcer and diabetes in air traffic
controllers. JAMA 1973;224:489-92.

15. Morikawa Y, Nakagawa H, Ishizaki M, Tabata M, Nishijo M, Miura K,
Kawano S, Kido T, Nogawa K. Ten-year follow-up study on the relation
between the development of non-insulin-dependent diabetes mellitus and
occupation. Am J Ind Med 1997;31:80—4.

16. Kawakami N, Akachi K, Shimizu H, Haratani T, Kobayashi F, Ishizaki
M, Hayashi T, Fujita O, Aizaway Y, Miyazaki S, Hiro H, Hashimoto S,
Araki S. Job strain, social support in the workplace, and haemoglobin
Alc in Japanese men. Occup Environ Med 2000;57:805-9.

17. Nakanishi N, Nishina K, Yoshida H, Matsuo Y, Nagano K, Nakamura K,
Suzuki K, Tatara K. Hours of work and the risk of developing impaired
fasting glucose or type 2 diabetes mellitus in Japanese male office
workers. Occup Environ Med 2001;58:569-74.

18. Niedhammer I, Goldberg M, Leclerc A, David S, Bugel I, Landre MF.
Psychosocial work environment and cardiovascular risk factors in an
occupational cohort in France. J Epidemiol Community Health 1998;52:
93-100.

19. Agardh EE, Ahlbom A, Andersson T, Efendic S, Grill V, Hallqvist J,
Norman A, Ostenson CG. Work stress and low sense of coherence is
associated with type 2 diabetes in middle-aged Swedish women. Diabetes
Care 2003;26:719-24.

20. Wheaton B. The nature of chronic stress. In: Gottlieb BH, ed. Coping
With Chronic Stress. New York: Plenum Press, 1997:43-73.

867

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

868

Wheaton B. The nature of stressors. In: Scheid TL, Horwitz AV, eds. A
Handbook for the Study of Mental Health: Social Contexts, Theories, and
Systems. New York: Cambridge University Press, 1999:176-97.
Schaufeli WB, Buunk BP. Burnout: an overview of 25 years of research
and theorizing. In: Schabracq MJ, Winnubst JAM, Cooper CC, eds. The
Handbook of Work and Health Psychology, 2nd ed. West Sussex, UK:
Wiley, 2003:383—429.

Shirom A. Job-related burnout. In: Quick JC, Tetrick LE, eds. Handbook
of Occupational Health Psychology. Washington, DC: American Psycho-
logical Association, 2003:245-65.

Brenninkmeyer V, Van Yperen NW, Buunk BP. Burnout and depression
are not identical twins: is decline of superiority a distinguishing feature?
Pers Individ Dif 2001;30:873—80.

Glass DC, McKnight JD. Perceived control, depressive symptomatology,
and professional burnout: a review of the evidence. Psychol Health
1996;11:23-48.

Leiter MP, Durup J. The discriminant validity of burnout and depression:
a confirmatory factor analytic study. Anxiety, Stress, and Coping 1994;
7:357-73.

McKnight JD, Glass DC. Perceptions of control, burnout, and depressive
symptomatology: a replication and extension. J Consult Clin Psychol
1995;63:490—4.

de Jonge J, Dormann C, Janssen PPM, Dollard MF, Landeweerd JA,
Nijhuis FIN. Testing reciprocal relationships between job characteristics
and psychological well-being: A cross-lagged structural equation
model. Journal of Occupational and Organizational Psychology 2001;
74:29-46.

de Lange AH, Taris T, Kompier M, Houtman ILD, Bongers PM. The
relationships between work characteristics and mental health: examining
normal, reversed, and reciprocal relationships in a 4-wave study. Work &
Stress 2004;18:149-66.

Demerouti E, Bakker AB, Bulters AJ. The loss spiral of work pressure,
work—home interference and exhaustion: reciprocal relations in a three-
wave study. J Vocat Behav 2004;64:131-49.

Houkes I, Janssen PPM, de Jonge J, Bakker A. Specific determinants of
intrinsic work motivation, emotional exhaustion, and turnover intention:
a multisample longitudinal study. Journal of Occupational and Organi-
zational Psychology 2003;76:427-50.

Collins VA. A meta-analysis of burnout and occupational stress [Unpub-
lished doctoral dissertation]. TX: University of North Texas, 1999.

Lee RT, Ashforth BE. A meta-analytic examination of the correlates of
the three dimensions of job burnout. J Appl Psychol 1996;81:123-33.
Taris TW, LeBlanc PM, Schaufeli WB, Schreurs PJG. Are there causal
relationship between the dimensions of the Maslach Burnout Inventory?
A review and two longitudinal studies. Work & Stress 2005;19:238-55.
Melamed S, Shirom A, Toker S, Berliner S, Shapira I. Burnout and risk
of cardiovascular disease: evidence, possible causal paths, and promising
research directions. Psychol Bull 2006;132:327-53.

Appels A, Schouten E. Burnout as a risk factor for coronary heart disease.
Behav Med 1991;17:53-9.

Hallman T, Thomsson H, Burell G, Lisspers J, Setterlind S. Stress,
burnout and coping: differences between women with coronary heart
disease and healthy matched women. J Health Psychol 2003;8:433—45.
Melamed S, Kushnir T, Shirom A. Burnout and risk factors for cardio-
vascular disease. Behav Med 1992;18:53-60.

Shirom A, Westman M, Shamai O, Carel RS. Effects of work overload
and burnout on cholesterol and triglycerides levels: the moderating ef-
fects of emotional reactivity among male and female employees. J Occup
Health Psychol 1997;2:275-88.

Grossi G, Perski A, Evengard B, Blomkvist V, Orth-Gomer K. Physio-
logical correlates of burnout among women. J Psychosom Res 2003;55:
309-16.

Melamed S, Ugarten U, Shirom A, Kahana L, Lerman Y, Froom P.
Chronic burnout, somatic arousal and elevated cortisol levels. J Psycho-
som Res 1999;46:591-8.

Sheiner E, Sheiner EK, Carel R, Potashnik G, Shoham-Vardi 1. Potential
association between male infertility and occupational psychological
stress. J Occup Environ Med 2002;44:1093-9.

Soares JJF, Jablonska B. Psychological experiences among primary care
patients with and without musculoskeletal pain. Eur J Pain 2004;8:
79-89.

Gorter RC, Eijkman MAJ, Hoogstraten J. Burnout and health among
Dutch dentists. Eur J Oral Sci 2000;108:261-7.

45.

46.

47.

48.

49.

50.

SI.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

S. MELAMED et al.

Halford C, Anderzen I, Arnetz B. Endocrine measures of stress and
self-rated health: a longitudinal study. J Psychosom Res 2003;55:317-20.
Kabhill S. Symptoms of professional burnout: a review of the empirical
evidence. Can Psychol 1988;29:284-97.

Goldstein DE, Little RR, Lorenz RA, Malone JI, Nathan DM, Peterson
CM; American Diabetes Association. Tests of glycemia in diabetes.
Diabetic Care 2003;26:s106—8.

Expert Committee on the Diagnosis and Classification of Diabetes.
Follow-up report on the diagnosis of diabetes mellitus. Diabetes Care
2003;26:3160—7.

Raikkonen K, Keltikangas-Jarvinen L, Adlercreutz H, Hautanen A. Psy-
chosocial stress and the insulin resistance syndrome. Metabolism 1996;
45:1533-8.

Appels A, Schouten EGW. Burnout as a risk factor for coronary heart
disease. Behav Med 1991;17:53-9.

Weijman I, Kant I, Swaen GM, Ros WJG, Rutten GE, Schaufeli WB,
Schabracq MJ, Winnubst JA. Diabetes, employment and fatigue-related
complaints: a comparison between diabetic employees, ‘healthy” employ-
ees, and employees with other chronic diseases. J Occup Environ Med
2004;46:828-36.

Geiss LS, Pan L, Cadwell B, Gregg EW, Benjamin SM, Engelgau MM.
Changes in incidence of diabetes in US adults, 1997-2003. Am J Prev
Med 2006:371-7.

Muntner P, Desalvo KB, Wildman RP, Raggi P, He J, Whelton PK.
Trends in the prevalence, awarness, treatment, and control of cardiovas-
cular disease risk factors among noninstitutionalized patients with a
history of myocardial infarction and stroke. Am J Epidemiol 2006;163:
913-20.

De Backer G, Leynen F, De Bacquer D, Clays E, Moreau M. Diabetes
mellitus in middle-aged people is associated with increased sick leave:
the BELSTRESS study. Int J Occup Environ Health 2006;12:28-34.
Resnick He, Foster Gl, Bardsley J, Ratner RE. Achievement of American
Diabetes Association clinical practice recommendations among US adults
with diabetes, 1999-2002: the National Health and Nutrition Examina-
tion Survey. Diabetes Care 2006;29:531-7.

Harding AH, Griffin SJ, Wareham NJ. Population impact of strategies for
identifying groups at high risk of type 2 diabetes. Prev Med 2006;42:
364-8.

Forouhi NG, Merrick D, Goyder E, Ferguson BA, Abbas J, Lachowycz
K, Wild SH. Diabetes prevalence in England, 2001—estimates from an
epidemiological model. Diabet Med 2006;23:189-97.

Bergmann MM, Jacobs EJ, Hoffmann K, Boeing H. Agreement of
self-reported medical history: comparison of an in-person interview with
a self-administered questionnaire. Eur J Epidemiol 2004;19:411-6.
Okura Y, Urban LH, Mahoney DW, Jacobsen SJ, Rodeheffer RJ. Agree-
ment between self-report questionnaires and medical record data was
substantial for diabetes, hypertension, myocardial infarction and stroke
but not for heart failure. J Clin Epidemiol 2004;57:1096—103.
Kriegsman DM, Penninx BW, van Eijk TJ, Boeke AJ, Deeg DJ. Self-
reports and general practitioner information on the presence of chronic
diseases in community dwelling elderly. A study on the accuracy of
patients’ self-reports and on determinants of inaccuracy. J Clin Epidemiol
1996;49:1407-17.

Haapanenen N, Miilunpalo S, Pasanen M, Oja P, Vuor I. Agreement
between questionnaire data and medical records of chronic diseases in
middle-aged and elderly Finnish men and women. Am J Epidemiol
1997;15:762-9.

Wu SC, Li CY, Ke DS. The agreement between self-reporting and
clinical diagnosis for selected medical conditions among the elderly in
Taiwan. Public Health 2000;114:137-42.

Kehoe R, Wu SY, Leske MC, Chylack LT. Comparing self-reported and
physician-reported medical history. Am J Epidemiol 1994;139:813-8.
Lerman Y, Melamed S, Shragin Y, Kushnir T, Rotgoltz Y, Shirom A.
Association between burnout at work and leukocyte adhesiveness/
aggregation. Psychosom Med 1999;61:828-33.

Kushnir T, Melamed S. The Gulf War and its impact on burnout and
well-being of working civilians. Psychol Med 1992;22:987-95.

Toker S, Shirom A, Shapira I, Berliner S, Melamed S. The association
between burnout, depression, anxiety, and inflammation biomarkers:
C-reactive protein and fibrinogen, in men and women. J Occup Health
Psychol 2005;20:344—-62.

Shirom A, Melamed S. A comparison of the construct validity of two
burnout measures in two groups of professionals. International Journal of
Stress Management 2006;13:176-200.

Psychosomatic Medicine 68:863-869 (2006)

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



BURNOUT AND RISK OF TYPE 2 DIABETES

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Visscher TL, Seidell JC. The public health impact of obesity. Annu Rev
Public Health 2001;22:355-75.

Rimm EB, Chan J, Stampfer MJ, Colditz GA, Willett WC. Prospective
study of cigarette smoking, alcohol use, and the risk of diabetes in men.
BMJ 1995;310:555-9.

Helmrich SP, Ragland DR, Leung RW, Paffenbarger RS. Physical activ-
ity and reduced occurrence of non-insulin-dependent diabetes mellitus.
N Engl J Med 1991;325:147-52.

Jacobsen BK, Bonaa KH, Njolstad I. Cardiovascular risk factors, change
in risk factors over 7 years, and the risk of clinical diabetes mellitus type
2: the Tromso study. J Clin Epidemiol 2002;55:647-53.

Zapp D, Dormann C, Frese M. Longitudinal studies in organizational
stress research: a review of the literature with reference to methodological
issues. J Occup Health Psychol 1996;1:145—-69.

Black PH, Garbutt LD. Stress, inflammation and cardiovascular disease.
J Psychosom Res 2002;52:1-23.

Black PH. The inflammatory response is an integral part of the stress
response: implications for atherosclerosis, insulin resistance, type II di-
abetes and metabolic syndrome X. Brain Behav Immun 2003;17:350—64.
Sjoholm A, Nystrom T. Endothelial inflammation in insulin resistance.
Lancet 2005;365:610-2.

Wellen KE, Hotamisligil GS. Inflammation, stress, and diabetes. J Clin
Invest 2005;115:1111-9.

Rosmond R, Bjorntorp P. The hypothalamic—pituitary—adrenal axis ac-
tivity as a predictor of cardiovascular disease, type 2 diabetes and stroke.
J Intern Med 2000;247:188-97.

Rosmond R, Wallerius S, Wanger P, Martin L, Holm G, Bjorntorp P. A
S-year follow-up study of disease incidence in men with an abnormal
hormone pattern. J Intern Med 2003;254:386-90.

Pradhan AD, Manson JE, Rifai N, Buring JE, Ridker PM. C-reactive
protein, interleukin 6, and the risk of developing type 2 diabetes mellitus.
JAMA 2001;286:327-34.

Han TS, Sattar N, Williams K, Gonzalez-Villalpando C, Lean ME,
Haffner SM. Prospective study of C-reactive protein in relation to the
development of diabetes and metabolic syndrome in the Mexico City
Diabetes Study. Diabetes Care 2002;25:2016-21.

Rutter MK, Meigs JB, Sullivan LM, D’Agostino RB, Wilson PWF.
C-reactive protein, the metabolic syndrome, and prediction of cardiovas-

Psychosomatic Medicine 68:863-869 (2006)

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

. Schaufeli WB, Enzmann D. The Burnout Companion to Study and

93.

cular events in the Framingham Offspring Study. Circulation 2004;110:
380-5.

Hanley AJ, Karter AJ, Williams K, Festa A, D’Agostino RBJ, Wagen-
knecht LE, Haffner SM. Prediction of type 2 diabetes mellitus with
alternative definitions of the metabolic syndrome: the Insulin Resistence
Atherosclerosis Study. Circulation Journal 2005;112:3713-21.
Meisinger C, Heier M, Loewell H. The MONICA/KORA Augsburg
Cohort Study. Sleep disturbance as a predictor of type 2 diabetes mellitus
in men and women from the general population. Diabetologia 2005;48:
235-41.

Nilson PM, Roost M, Engstrom G, Hedblad B, Berglund G. Incidence of
diabetes in middle-aged men is related to sleep disturbances. Diabetes
Care 2004;27:2464-9.

Despres JP. Is visceral obesity the cause of the metabolic syndrome? Ann
Med 2006;38:52—63.

Karter AJ, D’Agostino RB, Mayer-Davis EJ, Wagenknecht LE, Hanley
AJG, Hamman RF, Bergman R, Saad MF, Haffner SM; IRAS Investi-
gators. Abdominal obesity predicts declining insulin sensitivity in non-
obese normoglycaemics: the Insulin Resistance Atherosclerosis Study
(IRAS). Diabetes Obes Metab 2005;7:230—8.

Knol M, Twisk J, Beekman A, Heine R, Snoek F, Pouwer F. Depression
as a risk factor for the onset of type 2 diabetes mellitus. A meta-analysis.
Diabetologia 2006:1-9.

Bakker AB, Schaufeli WB, Demerouti E, Janssen PMP, Van der Hulst R,
Brouwer J. Using equity theory to examine the differences between
burnout and depression. Anxiety, Stress and Coping 2000;13:247—68.
Tacovides A, Fountoulakis KN, Moysidou C, Ierodiakonou C. Burnout in
nursing staff: is there a relationship between depression and burnout? Int
J Psychiatry Med 1999;29:421.

Sears SF Jr, Urizar GG Jr, Evans GD. Examining a stress-coping model
of burnout and depression in extension agents. J] Occup Health Psychol
2000;5:56—62.

Thomas NK. Resident burnout. JAMA 2004;292:2880-9.

Practice: A Critical Analysis. Washington, DC: Taylor & Francis, 1998.
Kop WI, Gottdiener JS, Tangen CM, Fried LP, McBurnie MA, Walston
J, Newman A, Hirch C, Tracy RP. Inflammation and coagulation factors
in persons >65 years of age with symptoms of depression but without
evidence of myocardial ischemia. Am J Cardiol 2002;89:419-24.

869

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



