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Abstract
Background: Work related stress is associated with a range of debilitating health outcomes. However, no unanimously
accepted assessment tool exists for the early identification of individuals suffering from chronic job stress. The
psychological concept of self-perceived stress reactivity refers to the individual disposition of a person to answer
stressors with immediate as well as long lasting stress reactions, and it could be a valid indicator of current as well as
prospective adverse health outcomes. The aim of this study was to determine the extent to which perceived stress
reactivity correlates with various parameters of psychosocial health, cardiovascular risk factors, and parameters of
chronic stress and job stress in a sample of middle-aged industrial employees in a so-called "sandwich-position".
Methods: In this cross-sectional study, a total of 174 industrial employees were assessed for psychosocial and
biological stress parameters. Differences between groups with high and low stress reactivity were analysed. Logistic
regression models were applied to identify which parameters allow to predict perceived high versus low stress
reactivity.
Results: In our sample various parameters of psychosocial stress like chronic stress and effort-reward imbalance were
significantly increased in comparison to the normal population. Compared to employees with perceived low stress
reactivity, those with perceived high stress reactivity showed poorer results in health-related complaints, depression,
anxiety, sports behaviour, chronic stress, and effort-reward imbalance. The educational status of employees with
perceived low stress reactivity is higher. Education, cardiovascular complaints, chronic stress, and effort-reward
imbalance were moderate predictors for perceived stress reactivity. However, no relationship was found between stress
reactivity and cardiovascular risk factors in our sample.
Conclusions: Job stress is a major burden in a relevant subgroup of industrial employees in a middle management
position. Self-perceived stress reactivity seems to be an appropriate concept to identify employees who experience
psychosocial stress and associated psychological problems at the workplace.
Background
Organisational restructuring, downsizing, and increasing
pressure on management in keeping up with performance figures have radically transformed the nature of
work [1]. Chronic job stress can be associated with a
range of debilitating health outcomes, including cardiovascular diseases [2,3], depression and anxiety [4-7], musculoskeletal problems [8,9], or alcohol dependence
[10,11]. Stress-associated health problems at the work* Correspondence: mechthild.heinmueller@med.uni-muenchen.de
2

Department of Occupational, Social and Environmental Medicine, LudwigMaximilians-University, Ziemssenstr. 1, 80336 Munich, Germany
† Contributed equally

place lead to approximately 50-60% of total sick leave
days [12]. Within the European Union, 350 million work
days are lost because of stress-related ill-health, resulting
in an overall cost of at least 20 billion € each year [13]. In
the United States alone, businesses loose 300 billion $
annually as a result of lowered productivity, days absent,
and health-care costs due to stress [14]. Increasingly,
experts call for the implementation of workplace health
promotion programmes, as psychological problems,
stress-related physical complaints [3,14], perceived work
stress [3,14-18], and obesity [19] have negative effects on
workers' health as well as overall productivity [14,20-23].
In particular, employees who suffer from chronic job
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stress should be identified at an early stage so that preventive action can be taken.
So far, no unanimously accepted psychometric or biological indicator exists for the early identification and
evaluation of individuals suffering from chronic job stress
[24-26]. In human stress theories, it is assumed that stress
arises from person-environment interactions. Thus, in
addition to situational factors representing stressful
demands, the ability to cope with job stress is assumed to
be influenced by subjective emotional and physiological
reactions in different stressful situations, which has been
conceptualised as stress reactivity [27]. Somatic parameters for physiological stress reactivity, like salivary cortisol, heart rate, cardiovascular responses, and arterial
catecholamine reactivity are well known. But there is still
a lack of self-report questionnaires focussing on subjective, self-perceived reactions to stressful demands and situations. The stress reactivity scale (SRS) [28] is a selfreport questionnaire which assesses on multiple levels
typical subjective reactions to different stressful situations. It refers to the disposition of a person to answer
stressors with immediate, intense, and long lasting stress
reactions. By focussing on the frequency of recent stress
events this concept specifically reflects on environmental
components with regard to the person-environment
interaction in the stress process [27]. In contrast to more
traditional stress concepts based on personality traits this
specific focus makes the SRS more sensitive to the measurement of change. In a laboratory stress study self-perceived stress reactivity has recently been shown to be
related to personality traits, bodily complaints, sleeprelated variables and cortisol reactions in a dermatological patient sample. Thus, on a psychological level, perceived stress reactivity may be a valid marker for current
as well as prospective adverse health outcome [27-29].
However, this hypothesis has not yet been verified within
a workplace sample.
Given the very small empirical basis of self-perceived
stress reactivity and the complete lack of studies in workplace samples, there is a great need to better understand
the correlations and interactions between self-perceived
stress reactivity and different measures of chronic stress,
job stress, somatic parameters for stress, cardiovascular
risk factors, and psychosocial health outcomes. Industrial
employees in a middle management ("sandwich") position
seem to be an especially interesting group to test for this
concept [1,3].
The present study therefore presents data of a workhealth promotion study in a large sample of middle-aged
industrial employees with leadership responsibility in a
typical middle management position of a large international manufacturing company. The primary aim of this
study was to analyse the relationship of dispositional selfperceived stress reactivity with various psychological as
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well as biological indicators of stress and health. Therefore, we hypothesised that high stress reactive employees
have a significantly worse status of health and stressrelated phenomena than for low stress reactive employees
(H1). The secondary aim of this study was to identify
potential key variables that explain part of the observed
variance in the self-perceived stress reactivity. We
hypothesised that heightened stress reactivity can be predicted by psychosocial as well as biological parameters of
stress and health (H2).

Methods
Overview of the Design, Procedures and Participants

Participants were recruited from an international manufacturing company. At the time of the study 262 employees were deemed eligible for the study. Following two
information sessions for this group, a total of 189 employees agreed to participate voluntarily in the study. 15 of the
189 interested employees failed to fulfill inclusion criteria. Thus 174 employees (92.1%) were finally included
into the study. All participants were invited to an 1 1/2
hour medical examination including blood sampling and
were asked to provide saliva the following working day to
determine the cortisol level. Moreover, the participants
were required to complete an assessment battery of questionnaires. The inclusion criteria of the study were: 1)
Industrial employees in the production line with leadership responsibility ("sandwich-position"); 2) age between
18 and 65 years with more than 2 years until retirement.
Application to early retirement, surgery, or other severe
diseases potentially leading to more than 30 sick leave
days led to exclusion. Written informed consent was
obtained. Information was provided according to the
Declaration of Helsinki [30]. The Ethical Committee of
the University of Munich approved the study.
Measures
Medical diagnostics

The medical examination included questions on the medical and family history of the participants, smoking habits, consumption of alcohol, physical activity, and current
medication. We determined anthropometric data [body
mass index and waist circumference (cut off score: BMI >
30, waist cut off score 102 cm)], systolic and diastolic
blood pressure, 24 hours ECG, saliva cortisol and alphaamylase levels, levels of serum low-density lipoprotein
(LDL), serum high-density lipoprotein (HDL), cholesterol, glycosylated hemoglobin, triglycerides, serum
dehydroepiandrosterone sulfate (DHEA-S), fibrinogen,
CRP, and serum creatinin. Systolic and diastolic blood
pressure were measured as the average of 2 readings
obtained with a digital blood pressure instrument (Boso
Inc.), the waist circumference was measured in a standing
position at the level of the umbilicus or, in obese persons,
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at the maximum between the iliac crest and the lowest
rib. Blood samples for assays of HDL, cholesterol, HbA1c,
and DHEA-S were obtained in the morning. All samples
were immediately processed and frozen at -200 C according to standard laboratory procedures. Saliva samples
were collected using cotton dental rolls held in the mouth
until saturated, and then stored in Salivette tubes
(Sarstedt, Germany). Participants were instructed to give
7 samples over a single working day, with measures on
waking up, 30, and 60 mins later, and then within defined
time intervals throughout the day and evening (08.00 am,
11.00 am, 3.00 pm and 8.00 pm). Each participant registered in a diary the exact timing when the sample was
taken as well as the time of waking up. Tubes were
returned to the investigators in person and salivary free
cortisol was analysed using a commercial chemiluminescence immunoassay (CLIA; IBL Hamburg, Germany).
Alpha-amylase was determined by using the automatic
analyser Cobas Mira and assay kits obtained from Roche
[31].
Assessment of somatic correlates of stress

The selection of biological indicators in our study was
based on the allostatic stress load concept [14,32,33]. The
original allostatic load score included the following variables: systolic and diastolic blood pressure, waist-hip
ratio, plasma levels of cholesterol, high-density lipoproteins (HDL), and dehydroepiandrosterone-sulphate
(DHEA-S), blood levels of glycosylated haemoglobin
(HbA1c), and overnight urinary secretion of cortisol, epinephrine, and norepinephrine [34]. The MacArthur study
investigators also encouraged to include additional or
even different biological risk factors for adverse outcomes
[33]. Our revised allostatic load score was calculated as
the number of the following variables that were in the
highest and lowest quartiles of their distribution: Highest
in systolic/diastolic blood pressure, nocturnal heart rate,
waist circumference, serum LDL cholesterol, glycosylated
hemoglobin, triglycerides, total output of diurnal salivary
cortisol, total output of diurnal salivary alpha-amylase,
fibrinogen, CRP; lowest in serum HDL cholesterol and
serum dehydroepiandrosterone sulfate (DHEA-S). The
distribution of each biological marker was examined for
outliers and symmetry.
Sociodemographic and job specific data

Sociodemographic data and job specific questions concerning professional status and working time were
recorded.
Assessment of self-perceived stress reactivity, chronic stress
and job stress

Self-perceived stress reactivity was measured with the 29item-"Stress-Reactivity Scale (SRS, see sample items
below)". Perceived stress reactivity is assumed to be
determined by a disadvantageous pattern of personality
traits. It refers to the disposition of a person to respond to
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stressors with immediate, intense and long lasting stress
response characteristics. The SRS quantifies general
stress reactivity and stress reactivity in specific domains
(social conflict, social evaluation, failure at work, and
work overload). Two scales evaluate stress reactivity
before and after stressful events in general and a total
score can be generated. A satisfying Chronbach's Alpha
between .71 ≤ α ≥ .82 for the various subscales and of .91
for the of the SRS total score has been reported. In the
present sample internal consistencies (Chronbach's
Alpha) ranges between .65 ≤ α ≥ .78 for the various subscales and .92 for the total score. Furthermore, factorial
validity and correlations with construct-related personality traits, bodily complaints, sleep behaviour, chronic diseases, and cortisol reactions have been described [28]. In
addition, findings from a twin study suggest that perceived stress is in part heritable [27]. Sample questions:
(1) If I have little time for my work... Answers: 1 = I
mostly stay calm; 2 = I mostly get uneasy; 3 = I mostly get
quite hectic. (2) When I argue with other people ...
Answers: 1 = I mostly calm down fast; 2 = I mostly stay
aroused for some time; 3 = It mostly takes a very long
time until I calm down again. (3) When I have to speak in
front of other people ... Answers: 1 = I am mostly very
nervous; 2 = I am mostly slightly nervous; 3 = I generally
keep my balance.
The amount of chronic stress within the last 3 months
was measured by the 12-item global scale (ScreeningScale of Chronic Stress, SSCS) of the "Trier Inventory for
the Assessment of Chronic Stress (TICS)" using a fourpoint Likert scale [35].
Job stress was assessed with the "Effort-Reward Imbalance" (ERI) which claims that failed reciprocity in terms
of high efforts spent and low rewards received in turn is
likely to elicit recurrent negative emotions and sustained
stress responses in exposed people. Conversely, positive
emotions evoked by appropriate social rewards promote
well-being, health and survival. The ERI model has been
operationalised as a standardised self-report measure
containing 23 Likert-scaled items in its established short
version. These items define three unidimensional scales:
'effort' (6 items), 'reward' (11 items), and 'overcommitment' (6 items) with each item rated on a five-point
(effort, reward) Likert scale [2,15,36].
Assessment of self-rated health status/behaviour

To assess the current health status of the participants, the
following indicators were selected.
The Giessen Subjective Complaints List (GBB-24) is a
questionnaire for health-related quality of life, and
assesses four domains of physical and psychosomatic
complaints by means of 24 items on a five-point Likert
scale, which includes heart symptoms, fatigue, stomach
pain as well as arm and leg pain [37]. Additionally, the

Limm et al. BMC Public Health 2010, 10:252
http://www.biomedcentral.com/1471-2458/10/252

Page 4 of 10

participants answered questions on their sports-, sleeping- and smoking-behaviour.
Anxiety and depression was assessed with the Hospital
Anxiety and Depression Scale (HADS) [38]. This scale is
a widely used instrument to measure psychological morbidity. The HADS contains 14 items and consists of two
subscales: anxiety and depression. Values between 8 and
10 are judged for signs of clinical anxiety/depression with
values above 10 as indicators for the need of professional
treatment.

total sample an average of 1.9 hours of unpaid overtime
per month has been reported. 63% of all participants did
shift work. Looking at the number of sick leave days per
year, our sample is comparable to the total workforce of
the company: 55.7% reported no sick leave days (versus
58.4% in the total company) and 12.6% were more than 10
days absent (versus 9.8% in the total company) (table 1).
Due to legal and plant internal reasons, our assessment
battery did not include objective figures on sick leave
days and short-term disability.

Analyses

Comparison to the normal population

Means or proportions for sociodemographic and workrelated characteristics, for health status and health behaviour as well as for psychosocial stress parameters were
computed for the total sample (n = 174) and for two
groups with low (n = 88) and high (n = 86) stress reactivity based on a median split of the SRS total score. In all
between-group comparisons significance of differences in
means was tested with t-tests or Mann-Whitney-U-tests,
significance of differences in proportions was tested by
Chi2-tests. Significance of differences between sample
means and reference values was tested with t-tests. For
the calculation of subscale values a maximum 30% missing items per subscale was accepted. To assess whether
and to which extent self-perceived stress reactivity can be
predicted by psychosocial and biological factors and
health-related behaviour, a logistic regression model was
applied with high vs. low stress reactivity as dependent
variable. The criterion for independent variables to be
entered into the initial model was a p-value < .250 in univariate between-group comparisons (tables 1, 2, 3, 4). All
independent variables were included as categorical variables: for HADS scores we defined three categories as
suggested by the authors (<8 vs. > = 8 and <11 vs. > = 11;
[38]); total cholesterol was dichotomised with cut-off < =
240 mg; all other scores were trichotomised based on tertile cut-offs. Intensive sports behaviour was categorised
into none vs. 1-3 hours vs. >3 hours a week. Likelihood
ratio statistic was used to select variables for removal
from the model by stepwise backward elimination; probability for entry and removal was p < .05. Results are
reported as odds ratios and 95% confidence intervals. Statistical significance was assumed at p < . 05. Statistical
analyses were conducted using SPSS (version 15.0).

Compared to the normal population, our participants
showed significantly poorer results in several parameters
of psychosocial stress and in various health risk factors:
The mean value for chronic stress (SSCS) was 17.29 in
our sample compared to 14.37 for the reference population (p < .001; [39]). Looking at effort-reward imbalance
(ERI), the mean value of 0.77 has been significantly
higher than the reference value of 0.64 (p < .001; [40]).
5.7% of the total sample reported signs of clinically relevant anxiety (HADS > = 11), an additional 24.8% showed
medium levels of anxiety (HADS > = 8 and < 11). Men in
our sample had a significantly increased mean value of
anxiety (6.02) versus the reference value for men (5.1; p =
.048; [41]). 24.1% suffered from obesity (BMI > 30) versus
a reference value of 14.1% (p < .001; [42]). The mean value
for the stress reactivity summary score was 54.48 for the
total group. 6.9% reached a value of above 70, the latter
considered as critical value.

Results
Sample description

The average age of the study participants was 40.9 (7.8)
years and 98.3% were male. Although participants have
achieved a professional position with leadership responsibility, more than three fourths (76.9%) have a lower educational degree with less than 11 years of formal
education. 23.6% achieved a master-level degree. For the

Differences between employees with high and low stress
reactivity

For the group with higher self-perceived stress reactivity
a mean value of 63.21 (6.1) has been calculated. For the
50% with lower self-perceived stress reactivity the mean
score was 45.95 (5.2). For demographic and professional
variables, significant differences between high and low
stress-reactive employees were found only for the educational background of the subjects, with more persons
with master-level degree in the low stress-reactive group
(see table 1).
High vs. low stress-reactive employees differed significantly in the extent of health-related complaints (GBB24), especially with respect to musculoskeletal and cardiovascular complaints. Also for depression and anxiety
we found poorer results for high stress-reactive persons.
Looking at health behaviour the two groups showed a significant difference for intensive sports activity (table 2).
As expected, groups of high stress-reactive versus low
stress-reactive employees differed significantly in several
psychosocial stress parameters: chronic stress (SSCS) and
all ERI-scales (table 3).
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Table 1: Demographic and professional variables of the whole sample and in the two groups of high vs. low stress
reactivity+
Total
(n = 174)

Group with low
stress reactivity
(n = 88)

Group with high
stress reactivity
(n = 86)

P value

40.9 (7.8)

41.3 (7.5)

40.5 (8.1)

.477 c

171 (98.3%)

87 (98.9%)

84 (97.7%)

.618 b

Low

99 (56.9%)

44 (50.0%)

55 (64.0%)

< .001b

Middle

34 (19.5%)

11 (12.5%)

23 (26.7%)

Master degree

41 (23.6%)

33 (37.5%)

8 (9.3%)

Middle Management

74 (54.4%)

34 (47.9%)

40 (61.5%)

Middle Management
deputy

29 (21.3%)

18 (25.4%)

11 (16.9%)

Characteristic

Demographic variables
Age (years)
Males
Education

Professional variables
Professional status
.343 b

Team supervisors

33 (24.3%)

19 (20.8%)

14 (21.5%)

Others

38 (21.8%)

17 (19.3%)

21 (24.4%)

109 (62.6%)

55 (62.5%)

54 (62.8%)

1.000 b

Hours of work overtime per
month in h (not paid)

1.9 (7.34)

2.5 (9.7)

1.4 (3.9)

.973 a

Daily break time in min

36.8 (10.4)

38.0 (10.1)

35.6 (10.7)

.117 a

97 (55.7%)

48 (54.5%)

49 (57.0%)

.911 b

Shift work

Self-reported sick leave days
0 days 1-10 days
1-10 days

55 (31.6%)

28 (31.8%)

27 (31.4%)

Over 10 days

22 (12.6%)

12 (13.6%)

10 (11.6%)

+=

mean (SD), unless otherwise stated.
a = Mann Whitney U-test
b = Chi2 test
c = t-test

High vs. low stress-reactive employees did not show
significant differences in any specific biological stress
indicators, nor in the revised global allostatic load index.
The mean allostatic load value was 3.32 (SD 2.2) for the
high stress-reactive group and 3.05 (SD 2.1) for the low
stress-reactive group (p = .484) (table 4).
Prediction of self-perceived stress reactivity

Logistic regression model with self-perceived stress reactivity as dependent variable revealed significant predictive power of education, cardiovascular complaints,
chronic stress, and effort-reward imbalance. Thus the
results of the univariate analyses were confirmed by the
regression model. The most significant effect to predict

self-perceived stress was found for education: Compared
to the employees with master degree, persons with less
years of formal education (school until age 17) showed a
13-fold (95% CI 3.6-46.6) and those with the lowest educational level (school until age 15) a 6.3-fold (95% CI 2.217.8) higher risk for high stress reactivity. The risk of
employees in the highest tertile of cardiovascular complaints was 5.1-fold higher (95% CI 2.0-13.0) compared to
those with low level cardiovascular complaints. Selfassessed increased chronic stress was also associated with
increased self-perceived stress reactivity. As to the effortreward ratio, employees with moderate values in this
scale are found at the highest risk for high stress reactivity, and not those with the worst imbalance.
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Table 2: Parameters of health status and health behaviour in the total sample and stratified for two groups of low vs. high
stress reactivity +
Total
(n = 174)

Group with low
stress reactivity
(n = 88)

Group with high
stress reactivity
(n = 86)

P value

9.45 (9.3)

7.73 (8.4)

11.22 (9.9)

.009a

Exhaustion

2.41 (3.6)

1.89 (2.9)

2.94 (4.2)

.300 a

Gastrointestinal complaints

1.87 (2.4)

1.76 (2.7)

1.99 (2.0)

133 a

Musculoskeletal complaints

3.86 (3.5)

3.31 (3.3)

4.43 (3.5)

.020a

Cardiovascular complaints

1.31 (2.2)

0.77 (1.7)

1.86 (2.4)

< .001a

Depression (HADS)

4.42 (3.25)

3.26 (2.8)

5.60 (3.2)

< .001a

Anxiety (HADS)

6.01 (3.07)

4.93 (2.9)

7.12 (2.8)

< .001a

1.27 (2.0)

1.68 (2.3)

0.85 (1.4)

.018a

Smokers [n (%)]

51 (29.3%)

25 (28.4%)

26 (30.2%)

.222 b

Never smoked [n (%)]

61 (35.1%)

36 (40.9%)

25 (29.1%)

Stopped smoking [n (%)]

62 (35.6%)

27 (30.7%)

35 (40.7%)

Overweight (BMI)

28.00 (4.06)

27.84 (4.1)

28.17 (4.0)

.782 c

Waist circumference

99.34 (11.0)

99.02 (11.1)

99.67 (10.9)

.696 a

No sleeping problems [n (%)]

91 (60.3%)

51 (65.4%)

40 (54.8%)

.386 b

Some sleeping problems [n (%)]

43 (28.5%)

20 (25.6%)

23 (31.5%)

Major sleeping problems [n (%)]

17 (11.3%)

7 (9.0%)

10 (13.7%)

Characteristic

Health status
Psychosomatic total score (GBB-24)

Health behaviour
Intensive sports (hours per week)
Smoking behaviour

Sleeping behaviour

+=

mean (SD), unless otherwise stated.
a = Mann Whitney U-test
b = Chi2 test
c = t-test

Equally examined in the model were the effects of
esteem, security, and promotion (ERI subscales), gastrointestinal complaints and musculoskeletal complaints
(GBB-24), HADS anxiety and depression, intensive
sports, smoking, total cholesterol, and daytime slope
amylase; they did not significantly change the prediction
and were thus removed by the stepwise procedure.

Discussion
Referring to the main hypothesis (H1), our study shows
that in industrial employees holding a middle management ("sandwich") position in manufacturing, increased
individual stress reactivity is indeed associated with
heightened psychosocial work stress, a higher rate of psy-

chosomatic and physical complaints, poorer psychological health, and negative health behaviour. In addition,
high stress-reactive employees experience an increased
effort-reward imbalance (especially less job security and
less esteem), show higher levels of depression and anxiety, and suffer more often from musculoskeletal and cardiovascular complaints. Compared to the normal
population, our industrial workplace sample showed
poorer results in terms of self-rated chronic stress, effortreward ratio, anxiety, a variety of other related psychological problems, and obesity. These findings are of considerable interest since a study on work-related stress in a
population of employed Swedish women showed an association between work-related stress, illness symptoms
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Table 3: Parameters of chronic stress and job stress in the total sample and stratified for two groups of low vs. high stress
reactivity +
Total
(n = 174)

Group with low
stress reactivity
(n = 88)

Group with high
stress reactivity
(n = 86)

P value

17.29 (7.2)

14.60 (6.1)

20.08 (7.2)

< .001c

Effort-reward ratio

0.77 (0.3)

0.70 (0.2)

0.84 (0.3)

.000a

Effort scale

14.84 (2.9)

14.05 (2.9)

15.65 (2.7)

.000c

Reward scale

44.56 (7.4)

46.22 (7.4)

42.86 (7.0)

.003c

Esteem scale

20.38 (3.8)

21.00 (3.8)

19.74 (3.7)

.020a

Job security scale

7.91 (2.2)

8.55 (2.0)

7.27 (2.3)

.000a

Job salary scale

16.26 (3.2)

16.67 (3.3)

15.85 (3.1)

.023a

Characteristic

Chronic stress
Total score SSCS

Effort-reward
imbalance

+ = mean

(SD)
a = Mann Whitney U-test
b = Chi2 test
c = t-test

and sick-leave [43]. Furthermore a recent meta-analysis
[44] reported psychosomatic complaints and/or suffering
from psychological problems as significant predictors to
sickness absence. Our findings may reflect the overall
growing economical and organisational pressure of
increased productivity which our sample is dealing with.
Indeed, like in many other industries and places worldwide, production in our sample increased by 20%
between 2003 and 2007 while keeping the workforce
numbers nearly at the same level.
In respect to H2, our data revealed that education, cardiovascular complaints, chronic stress, and effort-reward
imbalance were moderate predictors for perceived stress
reactivity. Contrary to our expectations and to the few
findings available of somatic correlates of stress phenomena in working place samples [26,45], we did not find any
relationship between perceived stress reactivity on one
hand and specific biological indicators of stress or generic
measures of somatic stress reaction, e.g. allostatic load
index, on the other. Thus, our preliminary findings do not
support data which suggest that prolonged psychosocial
job stress [14] affects the biological stress axis and may
consecutively cause severe illnesses and negative health
outcomes. The following reasons may explain our results:
1. Unlike the only workplace study investigating the
interaction of job profile and allostatic load [26], our participants were selected primarily from a middle management ("sandwich") position within the production line of
an international manufacturer. Better work position and
specific job demands of our middle-aged target group

may have led to better health and coping capabilities in
comparison to a sample of predominantly blue collar
workers. 2. Especially with regard to biological parameters, a healthy worker effect may be assumed i.e., those in
employment are known to be healthier than those not
working [46].
Some more general factors may also explain our cross
sectional finding: lack of longitudinal data, age of the participants, and a selection bias due to voluntary participation in the study.
We do recognise that there are some additional limitations of our study. First, our results cannot be generalised
to other working populations. As participation was voluntary it can be assumed that all participants in the current study were in at least some positive stage of change
[47]. Based on the clinical impression due to the interviews at baseline, a selection bias can be assumed because
most of the participants were highly self-motivated with
respect to their attitude towards demands of work and
health. Second, as self-reported data on stress may lead to
underestimation or overestimation of the real work stress
situation, we are not able to objectively describe the work
load of our sample. Third, our study faces a well known
dilemma in stress research of bridging the gap between
biological and psychosocial concepts and methods of
stress assessment. The dilemma becomes even clearer as
there is still a lack of standardised norm and cut-off values for job stress. However, here we present cross sectional findings only, but especially longitudinal data
might be useful for a better understanding of the relation-
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Table 4: Biological stress parameters in the total sample and stratified for two groups of low vs. high stress reactivity +
Total
(n = 174)

Group with low
stress reactivity
(n = 88)

Group with high
stress reactivity
(n = 86)

P value

3.19 (2.19)

3.32 (2.2)

3.05 (2.1)

.484 a

Blood pressure (diast.)

88.74 (9,6)

88.67 (9.8)

88.80 (9.4)

.928 c

Blood pressure (systol.)

134.41 (14.2)

134.52 (13.9)

134,30 (14.6)

.919 c

Hypertonus (>90/>140)
[n (%)]

33 (19.0%)

18 (20.5%)

15 (17.4%)

.377 b

Heart rate

76.55 (8.2)

76.95 (7.8)

76.15 (8.6)

.528 c

Heart rate/night

63.77 (8.3)

63.66 (7.7)

63.89 (9.0)

855 c

208.21 (34.1)

211.78 (33.0)

204.51 (34.9)

.164 c

HDL

45.71 (9.5)

45.59 (9.5)

45.83 (9.5)

.865 c

LDL

139.15 (29.1)

141.74 (29.4)

136.48 (28.65)

.238 c

Area under the curve
morning

17.75 (6.1)

17.95 (6.23)

17.51 (5.9)

.746 c

Area under the curve
daytime

64.34 (24.4)

64.61 (23.7)

64.03 (25.3)

.855 c

Increase morning cortisol

5.90 (6.0)

5.61 (5.9)

6.24 (6.1)

.358 c

Increase daytime cortisol

-9,49 (37.9)

-6.30 (33.8)

-13.15 (42.1)

.855 c

Daytime slope cortisol

- 0.58 (0.3)

- 0.56 (0.3)

- 0.59 (0.4)

.568 c

Area under the curve
morning

44.15 (51.8)

47.93 (66.1)

40.22 (30.5)

.746 c

Area under the curve
daytime

1155.98 (816.6)

1187.75 (894.0)

1124.61 (736.5)

.855 c

Increase morning
amylase

-12.21 (56.8)

-8.62 (71.6)

-15.94 (35.6)

.358 c

Increase daytime
amylase

-78.21 (529.7)

-84.45 (569.6)

-72.05 (490.5)

.222 c

0.13 (0.2)

0.11 (0.2)

0.15 (0.231)

.222 c

331.84 (62.0)

334.06 (69.7)

329.55 (53.26)

.636 c

CRP

0.20 (0.23)

0.19 (0.2)

0.21 (0.3)

.961a

Creatinin

1.02 (0.11)

1.03 (0.1)

1.01 (0.1)

.551 a

Characteristic

Allostatic Load Index
Cardiovascular indicators

Metabolic indicators
Total cholesterin

Endocrine indicators
Cortisol

Amylase

Daytime slope amylase
Inflammatory indicators
Fibrinogen

+=

mean (SD), unless otherwise stated.
a = Mann Whitney U-test
b = Chi2 test
c = t-test
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ship and pathways between psychosocial and biological
stress parameters and their impact on disability, diseases,
and workers' productivity.
Finally, we conclude that the concept of stress reactivity
as measured by the SRS correlates with various important
aspects of psychosocial impairment and maladaptive
health behaviour and thus indeed may be a valid tool to
identify employees potentially prone to suffer from
chronic job stress.

Conclusions
The results of this cross sectional study in a sample of
middle management employees in the production line of
an international plant demonstrate that in a relevant subgroup of the whole sample psychosocial stress parameters
and well known health risk factors are significantly
increased. Self-report data on stress reactivity allow to
identify employees who are under stress according to
established models and who suffer from stress-associated
complaints. They may thus be at risk for severe stress
sequelae. However, this cross sectional study failed to
demonstrate a significant relationship between psychosocial and biological stress indicators. Longitudinal data
may further elucidate the pathways of perceived stress
and health status, and thus may prove if the measurement
of dispositional stress reactivity may indeed serve as a
predictor for adverse long term stress-related health outcomes.
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
HL, PA, MH, BMM, UN and HG made substantial 1) contributions to conception
and design, acquisition, analysis and interpretation of data 2) have involved in
drafting the manuscript.
All authors read and approved the final manuscript.
Acknowledgements
This research project was sponsored by the Federal Ministry of Education and
Research (Grant No. 01EL0415). MAN Nutzfahrzeuge AG, Munich, Germany
supported the stress management workshops. We are grateful to Axel Ahammer and Emanuel Nikolaides for continuous support of the project. Finally, we
are grateful to Roberto La Marca, from the University of Zuerich, who analysed
salivary amylase.
Author Details
1Department of Psychosomatic Medicine and Psychotherapy, Technische
Universitaet Muenchen (TUM), Langerstrasse 3/I, 81675 Munich, Germany,
2Department of Occupational, Social and Environmental Medicine, LudwigMaximilians-University, Ziemssenstr. 1, 80336 Munich, Germany, 3University of
Zürich, Dept. of Psychology, Clinical Psychology and Psychotherapy,
Binzmuehlenstrasse 14/Box 26, 8050 Zuerich, Switzerland and 4Department of
Psychosomatic Medicine and Psychotherapy, University Hospital of Ulm, Am
Hochstraess 8, D-89081 Ulm, Germany
Received: 13 November 2009 Accepted: 14 May 2010
Published: 14 May 2010

Page 9 of 10

2.

3.

4.
5.
6.

7.

8.

9.
10.

11.

12.

13.
14.
15.

16.

17.

18.
19.

20.

21.

22.
23.

24.
25.

26.

©
This
BMC
2010
is
article
Public
an
Limm
Open
Health
is available
etAccess
al;2010,
licensee
from:
article
10:252
BioMed
http://www.biomedcentral.com/1471-2458/10/252
distributed
Central
under
Ltd. the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

27.
References
1. Sparks K, Faragher B, Cooper CL: Well-being and occupational health in
the 21st century workplace. J Occup Organ Psychol 2001, 74:489-509.

Kivimäki M, Leino-Arjas P, Luukkonen R, Riihimäki H, Vahtera J, Kirjonen J:
Work stress and risk of cardiovascular mortality: prospective cohort
study of industrial employees. BMJ 2002, 325:857-860.
Michie S, Williams S: Reducing work-related psychological ill health and
sickness absence: a systematic literature review. Occup Environ Med
2003, 60:3-9.
Dewa CS, Lesage A, Goering P, Craveen M: Nature and Prevalence of
Mental Illness in the Workplace. Healthc Pap 2004, 5:12-25.
Goldberg RJ, Steury S: Depression in the Workplace: Costs and Barriers
to Treatment. Psychiatr Serv 2001, 52:1639-1643.
Kessler RC, Barber C, Birnbaum HG, Frank RG, Greenberg PE, Rose RM,
Simon GE, Wang P: Depression in the workplace: effects on short-term
disability. Health Aff 1999, 18:163-171.
Stansfeld SA, Bosma H, Hemingway H, Marmot MG: Psychosocial work
characteristics and social support as predictors of SF-36 health
functioning: the Whitehall II study. Psychosom Med 1998, 60:247-255.
Hoogendoorn WE, van Poppel MN, Bongers PM, Koes BW, Bouter LM:
Systematic review of psychosocial factors at work and private life as
risk factors for back pain. Spine 2000, 25:2114-2125.
Linton SJ, van Tulder M: Preventive interventions for back and neck pain
problems: what is the evidence? Spine 2001, 26:778-787.
Ames M, Grube JW, Moore RS: The relationship of drinking and
hangovers to workplace problems: an empirical study. J Stud Alcohol
1997, 58:37-47.
Webb GR, Redman S, Hennrikus D, Rostas JA, Sanson-Fisher RW: The
prevalence and sociodemographic correlates of high-risk and problem
drinking at an industrial worksite. Br J Addict 1990, 85:495-507.
WHO: WHO concerned about absence from work due to stress-related
conditions. Press release 2004 [http://www.euro.who.int/mediacentre/
PR/2004/20041004_1]. Euro/14/1404
Fourth European Working Conditions Survey 2007 Internet Publication
[http://www.eurofound.europa.eu/ewco/].
Fischer JE, Thayer JF: Invited Commentary:Tapping the Tip of the
Iceberg. Am J Epidemiol 2006, 163:888-890.
Siegrist J, Starke D, Chandola T, Godin I, Marmot M, Niedhammer I, Peter R:
The measurement of effort-reward imbalance at work: European
comparisons. Soc Sci Med 2004, 58:1483-1499.
Kivimäki M, Vahtera J, Pentti J, Ferrie JE: Factors underlying the effect of
organisational downsizing on health of employees: longitudinal
cohort study. BMJ 2000, 320:971-975.
Nielsen K, Randall R, Yarker J, Brenner SO: The effects of transformational
leadership on followers' perceived work characteristics and
psychological well-being: A longitudinal study. Work Stress 2008,
22:16-32.
Siegrist J: Adverse Health Effects of High-Effort/Low-Reward
Conditions. Journal of Occupational Health Psychology 1996, 1:27-41.
Kouvonen A, Kivimäki M, Cox SJ, Cox T, Vahtera J: Relationship between
work stress and Body Mass Index among 45,810 female and male
employees. Psychosom Med 2005, 67:577-583.
Edwards D, Burnard P: A systematic review of stress and stress
management interventions for mental health nurses. J Adv Nurs 2003,
42:169-200.
Kompier M, Cooper C, Guerts S: A multiple case study approach to work
stress prevention in Europe. European Journal of Work and
Organizational Psychology 2000, 9:371-400.
Noblet A, Lamontagne AD: The role of workplace health promotion in
addressing job stress. Health Promotion International 2006, 21:346-353.
Rahe RH, Taylor CB, Tolles RL, Newhall LM, Veach TL, Bryson S: A Novel
Stress and Coping Workplace Program Reduces Illness and Healthcare
Utilization. Psychosom Med 2002, 64:278-286.
Kelly S, Hertzman C, Daniels M: Searching for the biological pathways
between stress and health. Annu Rev Public Health 1997, 18:437-462.
Hansson AS, Vingård E, Arnetz BB, Anderzén I: Organizational change,
health, and sick leave among health care employees: A longitudinal
study measuring stress markers, individual, and work site factors. Work
and Stress 2008, 22:69-80.
Schnorpfeil P, Noll A, Schulze R, Ehlert U, Frey K, Fischer JE: Allostatic load
and work conditions. Soc Sci Med 2003, 57:647-656.
Federenko IS, Schlotz W, Kirschbaum C, Bartels M, Hellhammer DH, Wüst
S: The heritability of perceived stress. Psychological Medicine 2006,
36:375-385.

Limm et al. BMC Public Health 2010, 10:252
http://www.biomedcentral.com/1471-2458/10/252

28. Schulz P, Jansen LJ, Schlotz W: Stressreaktivität: Theoretisches Konzept
und Messung. Diagnostica 2005, 51:124-133.
29. Buske-Kirschbaum A, Ebrecht M, Kern S, Hölling H, Gierens A, Hellhammer
DH: Personality characteristics and their association to biological stress
responses in patients with atopic dermatitis. Dermatology and
Psychosomatics 2004, 5:12-16.
30. World Medical Association Declaration of Helsinki: Ethical principales for
medical research involving human subjects. JAMA 2000,
284:3043-3045.
31. Ehlert U, Erni K, Hebisch G, Nater U: Salivary alpha-amylase levels after
yohimbine challenge in healthy men. J Clin Endocrinol Metab 2006,
91:5130-5133.
32. McEwen BS, Seeman TE: Protective and Damaging Effects of Mediators
of Stress. Elaborating and Testing the Concepts of Allostasis and
Allostatic Load. Ann N Y Acad Sci 1999, 896:30-47.
33. Seeman TE, McEwen BS, Rowe JW, Singer BH: Allostatic load as a marker
of cumulative biological risk: MacArthur studies of successful aging.
Proc Natl Acad Sci USA 2001, 98:4770-4775.
34. Seeman TE, Singer BH, Rowe JW, Horwitz RI, McEwen BS: Price of
adaptation--allostatic load and its health consequences. MacArthur
studies of successful aging. Arch Intern Med 1997, 27(157):2259-2268.
35. Schulz P, Schlotz W: The Trier Inventory for the Assessment of Chronic
Stress (TICS): Scale construction, statistical testing, and validation of
the scale work overload. Diagnostica 1999, 45:8-19.
36. Weyers S, Peter R, Boggild H, Jeppesen HJ, Siegrist J: Psychosocial work
stress is associated with poor self-rated health in Danish nurses: a test
of the effort-reward imbalance model. Scand J Caring Sci 2006, 20:26-34.
37. Brähler E, Schumacher J, Brähler C: First all-Germany standardization of
the brief form of the Giessen Complaints Questionnaire GBB-24.
Psychoth Psychosom Med Psychol 2000, 50:14-21.
38. Zigmond AS, Snaith RP: The hospital anxiety and depression scale. Acta
Psychiatr Scand 1983, 67:361-370.
39. Schulz P, Schlotz W, Becker P: Trierer Inventar zum chronischen Stress (TICS)
Göttingen: Hogrefe; 2004.
40. Rödel A, Siegrist J, Hessel A, Brähler E: Fragebogen zur Messung
beruflicher Gratifikationskrisen. Psychometrische Testung an einer
repräsentativen deutschen Stichprobe. Zeitschrift für Differentielle und
Diagnostische Psychologie 2004, 25:227-238.
41. Herrmann C: International experience with the Hospital Anxiety and
Depression Scale - a review of validation data and clinical results. J
Psychosom Res 1997, 42:17-41.
42. Ehrsam R, Stoffel S, Mensink G, Melges T: Übergewicht und Adipositas in
den USA, Deutschland, Österreich und der Schweiz. Deutsche Zeitschrift
für Sportmedizin 2004, 55:278-285.
43. Holmgren K, Dahlin-Ivanoff S, Björkelund C, Hensing G: The prevalence of
work-related stress, and its association with self-perceived health and
sick-leave, in a population of employed Swedish women. BMC Public
Health 2009:9-73.
44. Duijts SF, Kant I, Swaen GM, Brandt PA van den, Zeegers MP: A metaanalysis of observational studies identifies predictors of sickness
absence. J Clin Epidemiol 2007, 60:1105-1115.
45. Nickel C, Tanca S, Kolowos S, Pedros-Gil F, Bachler E, Loew TH, Gross M,
Rother WK, Nickel MK: Men with chronic occupational stress benefit
from behavioural/psycho-educational group training: a randomized,
prospective, controlled trial. Psychol Med 2007, 37:1141-1149.
46. Pearce N, Checkoway H, Kriebel D: Bias in occupational epidemiology
studies. Occup Environ Med 2007, 64:562-568.
47. Prochaska JO, DiClemente CC: Stages of change in the modification of
problem behaviours. In Progress on behaviour modification Edited by:
Hersen M, Eisler RM, Miller P. Sycamore: Sycamore Press; 1992.
Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2458/10/252/prepub
doi: 10.1186/1471-2458-10-252
Cite this article as: Limm et al., Self-perceived stress reactivity is an indicator
of psychosocial impairment at the workplace BMC Public Health 2010, 10:252

Page 10 of 10

