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Objectives   This study had two objectives. First, it addressed concern with the contribution of work stressors
and resources to the development of back pain, over and above the influence of biomechanical work factors.
Second, using recent models about the role of the sympathetic-adrenal medullar system in musculoskeletal
problems as its basis, it tested whether low-back pain is associated with higher levels of catecholamines.
Methods   Altogether 114 nurses filled out a questionnaire in their first year of practice and again one year later.
In addition, in a subsample of 24 nurses studied intensively at follow-up, urinary catecholamines were assessed
at noon, before the end of work, in the evening, and at corresponding times on a day off. Daily stressful
experiences and daily mood were also recorded.
Results   With control for baseline pain, biomechanical workload, and other potentially confounding variables,
time control at the beginning of the study predicted low-back pain a year later. In the subsample, the epinephrine
and norepinephrine levels were higher in those reporting more frequent episodes of back pain, the largest
differences occurring at the end of work. In addition, control over stressful events at work was lower in this
group.
Conclusions   Time control is a risk factor for low-back pain among nurses beyond the influence of physical
work load. Low control at work may increase the activity of the sympathetic-adrenal medullar system, which
seems to play an important role in the development of musculoskeletal pain.
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The Bureau of National Affairs in the United States has
listed nurses and nurse’s aides among the ten professions
with the highest risk of low-back pain (1). The physical
aspects of nursing comprise heavy lifting, pushing, pull-
ing, and carrying patients and objects. In addition, nurs-
es frequently have to work with forward bent, twisted,
or awkward body postures (2). The mechanical load on
intervertebral discs is therefore considerably high (3).
Nursing is also known to involve psychosocial risk fac-
tors such as high demands on concentration, high re-
sponsibility, time pressure, and high needs for social
support from supervisors and co-workers (4). These psy-
chosocial risk factors have also been shown to predict
back pain, although the empirical evidence for them is
less consistent than for physical demands (2). Age seems

to be an important factor in the study of risk factors.
Nurses at the beginning of their career are at particular
risk of work-related low-back pain (5, 6); this risk
reaches a prevalence peak at the age of 31–35 years (5).
For these reasons, prospective studies on the develop-
ment of low-back pain among young nurses seem prom-
ising.

Psychological stress arises when demands are per-
ceived to exceed the resources to meet the demands (7).
Both stressors and resources are important in studies on
the effects of stress on health (8). One of the most im-
portant resources is control over one’s work, the lack
of which is a well-established risk factor for psycho-
logical well-being and physical health (9). In research on
stress at work, several aspects of control are distinguished,
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such as control over when to do something (time con-
trol) and how to do it (method control) (10). Another
aspect, which has received less attention, concerns con-
trol over who to work with (“cooperation latitude”) (11).
Low control can affect the musculoskeletal system in-
directly, via incomplete recovery from stress, or direct-
ly, influencing mechanical load by making it more dif-
ficult to avoid unsuitable and strenuous work positions
(12).

The stress response is characterized by the activa-
tion of the sympathetic-adrenal medullar system, includ-
ing increased heart rate, blood pressure, and catecho-
lamine secretion. Stress-induced activation of this sys-
tem, particularly the secretion of norepinephrine, height-
ens muscular activity. Norepinephrine promotes motor
activity because of an increased sensitivity of the syn-
apses. Furthermore, norepinephrine may increase mus-
cular tension through the recruitment of more muscle
fibers during the performance of an activity (13). Psy-
chologically stressful jobs can enhance the risk of mus-
culoskeletal disorders through increased muscular ten-
sion, particularly by keeping low threshold motor units
active even in the absence of physical load (14), and
even after work (15). Chronically elevated muscular ten-
sion may cause muscular pain (16). Therefore, catecho-
lamine release may constitute an important link between
psychosocial factors at work and musculoskeletal pain
(17).

This study concerns the development of low-back
pain in beginning nurses. First, we expected work-re-
lated stressors and resources to be risk factors beyond
the influence of biomechanical factors. Second, we ex-
pected catecholamine responses at work and at rest to
correlate both with work characteristics and with low-
back pain. The latter hypothesis was tested in a subsam-
ple.

Subjects and methods

Subjects

The subjects were taken from a longitudinal study in-
vestigating the transition into work by young people
(18). The first phase took place when the participants
were still in vocational training and is not of concern in
this instance. (See reference 18 for a description of the
sampling procedure and the characteristics of the sub-
jects.) For phases 2 and 3, questionnaires were sent out
by mail. The results reported in this paper are based on
data from the first and second year of work after the
nurses’ training was completed (baseline data coming from
phase 2 and the follow-up data deriving from phase 3).

In April 1998, questionnaires and a reminding letter
were sent out to 186 nurses who had participated in
phase 1 of the study. An additional effort was under-
taken to motivate nonrespondents by telephone. This ef-
fort resulted in 141 questionnaires, representing a par-
ticipation rate of 75.8%. Those that did not participate
but had participated in the first phase (ie, during voca-
tional training) did not differ from those who partici-
pated with respect to age, musculoskeletal pain, and neu-
roticism.

In April 1999 the follow-up questionnaire was sent
to the 141 nurses of the baseline sample, resulting in
data from 114 participants for a response rate of 80.9%.
These 114 nurses constitute the longitudinal sample.
Again, the dropouts did not differ from the longitudinal
sample in terms of age, musculoskeletal pain, and neu-
roticism.

At the time the baseline questionnaire was mailed,
the nurses were in their first year of practice. Their mean
time on the job was 6.8 (SD 2.1) months and their mean
age was 23.9 (SD 2.2) years. As in the general popula-
tion, there were more German-speaking (64%) than
French-speaking (36%) participants. Most of the partic-
ipants worked full-time (N=98), whereas the rest worked
a 90% (N=6), 80% (N=9), or 75% (N=1) schedule.
There was a 14% turnover rate during the follow-up
period, mostly voluntary (82%). Almost all of those who
stayed with their employer still held the same position
(91%). Employers and locations were distributed widely;
working teams consisted of an approximate mean of 20
(SD 6.5) persons. Nearly all the nurses (N=111) report-
ed working overtime during a normal week [mean 2.45
(SD 4.00) hours], and as many worked on a shift sched-
ule, usually including work in the evening or at night.

Among a subsample of 24 nurses, consisting of Ger-
man-speaking persons only, an in-depth study was con-
ducted around the time of the data collection for the fol-
low-up. It included urinary catecholamine measure-
ments at three measurement points on a workday and at
corresponding times on a day off. These nurses had
worked an average of 18 (SD 2.3) months in their jobs.
The mean time between the catecholamine sampling and
the follow-up questionnaire was 77 (SD 61, range 3–
211) days. The large range was due to the fact that the
nurses worked in many different organizations. There-
fore much effort and many personnel resources had to
be invested in logistics, and data collection had to be
organized sequentially to some extent. Furthermore, the
participants’ restraints and preferences with regard
to the optimal time of collecting physiological data
had to be taken into account. It is important to note,
however, that the time between the measurements and
the questionnaire was not significantly related to the
baseline predictor variables or follow-up outcome vari-
ables.



388 Scand J Work Environ Health 2002, vol 28, no 6

Time control, catecholamines, and back pain

Methods

The predictor variables of this study covered the range
of potential risk variables within the multicausal bio-
psycho-social approach to back pain: (i) demographics
(age, body mass index measured as kilograms of body
weight divided by height squared), (ii) indicators of gen-
eral health (days off work) and neuroticism, (iii) recre-
ational and risk behavior (sports, smoking), (iv) envi-
ronmental and biomechanical strain at work, (v) work
characteristics (stressors, control), (vi) psychosocial
work-related variables (social support, social stressors,
job satisfaction), and (vii) additional workload during
leisure time. All the predictor scales were tested for re-
liability with respect to the baseline and follow-up data,
and the reliability (Cronbach’s alpha) was found to be
satisfactory (between 0.70 and 0.90) except for work
during leisure time, which had a coefficient of 0.47 for
the baseline and follow-up data. However, these items
covered various forms of nonoccupational load that are
not necessarily correlated (eg, having to care for a
household, having to support other people); therefore, a
high internal consistency did not seem necessary.

For the subsample of 24 nurses, additional measures
were available, including urinary catecholamine release
and reports of stressful events [using a diary-type meth-
od, see reference (19)] and daily mood (20).

The indicators of general health referred to the
number of days off work because of health reasons. The
measurement of neuroticism was based on the five-fac-
tor model of personality (21). It consisted of six bipolar
items on a 6-point scale, with each pole ranging from
“very” (1 and 6) to “quite” (2, 5), and “rather” (3, 4)
(22).

Recreational and risk behavior was assessed by ask-
ing about the frequency of sports (never, less than once
a month, once a month, once a week, daily) and smok-
ing (number of cigarettes per day).

Environmental and biomechanical strain at work was
measured by scales from the Instrument for Stress Ori-
ented Task Analysis (ISTA) (11, 23). The scales cover
physical conditions (eg, noise, inadequate lighting, in-
adequate temperature, dust, toxic substances, draft, and
dry, smoky or malodorous climate) and unbalanced load
as the need to keep unfavorable postures at work over
extended periods of time (eg, “twisted” position, con-
tinuous sitting, and continuous standing, low variety in
terms of physical movement). In addition, participants
rated the change in physical strain at follow-up [“far
worse” (1), “worse” (2), “same” (3), “better” (4), “far
better” (5)].

Work characteristics were measured with a short
version of ISTA, assessing method control (eg, inde-
pendent planning and organization of one’s own work),
time control (eg, influence on workpace and schedule),

cooperation latitude (influence on who to collaborate
with), and qualitative requirements (task variety, com-
plexity). Task stressors were assessed as an index of the
following five scales (each with 4 items): uncertainty
(eg, unclear instructions and decisions based on insuf-
ficient information), problems with work organization
(eg, having to work with unsuitable materials or tools),
interruptions at work, concentration demands, and time
pressure. The response categories were standardized 5-
point Likert scales.

Psychosocial work-related variables concerned so-
cial support, assessed with items from Caplan et al [24,
German translation (25)]. The item “How much can you
rely on each of the following people when things get
tough at work?” had to be answered with reference to a
supervisor, closest colleague, other colleagues, spouse
or partner, family, and friends. The answering format
was a 5-point scale ranging from 1 (not at all) to 5 (ab-
solutely). Social stressors assessed difficulties with
colleagues or superiors [8 items (26)]. Job satisfac-
tion was measured by four items, three of which
were developed by Oegerli (27), the fourth being an
item from Kunin, “How satisfied are you in general
with your work?” (28). The scale has been successful-
ly employed in previous research (29) and has been
shown to predict indicators of low-back pain in initially
asymptomatic persons (30).

Workload during leisure time was assessed with
items from a scale by Bamberg (31) on stressors in lei-
sure time, such as financial constraints, liabilities, or
social conflicts. We used the four (of initially 11) items
that focus on workload during leisure time (eg, “I have
so many things to do that I can’t spend time on my hob-
by”).

Musculoskeletal problems at the time of the base-
line questionnaire were assessed with an item that ad-
dressed musculoskeletal pain in the back or neck or
shoulders in the last 12 months (never, less than month-
ly, less than weekly, less than daily, daily). It is part of
a scale developed by Mohr to measure psychosomatic
complaints (32) on the basis of work by Fahrenberg (33).
Note that this item served as a baseline measurement in
the multiple regression analyses.

In the follow-up, pain intensity and behavior was
assessed with the Nordic questionnaire (34). The ques-
tions included (i) occurrence of low-back pain (yes, no),
(ii) duration of low-back pain episodes (none, 1–7
days, 8–30 days, more than 30 days but not every
day, every day), (iii) frequency of low-back pain
episodes (none or once a year, less than once a month,
once a month, once a week, daily), (iv) medical con-
sultation because of low-back pain (yes, no), and (v)
low-back pain-related absence from work (yes, no).
The last year was indicated as the relevant time frame.
Note that participants in the in-depth study filled out
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the Nordic items at the time of the catecholamine meas-
urement.

Over 1 week, the 24 participants in the in-depth
study filled out four mood scales (20) every morning
and evening, on workdays immediately after work. The
questionnaire consisted of 19 adjectives and asked for
the current state of recovery, tension, mood, and self-
assurance (6-point scales). A single item addressed ex-
haustion on the evening of the days on which catecho-
lamines were measured.

Daily stressful events were assessed through a diary
event-sampling method (19). Over 1 week (Monday to
Sunday), the nurses were asked to describe briefly
stressful events (at work and during leisure time) im-
mediately after they occurred. Additional items con-
cerned situational appraisals, emotional stress reactions,
goals, coping behavior, coping success, and the like.

The urinary catecholamine samples were collected
on a day at work before the lunch break (time 1200),
before the end of the workday (time 1715), and in
the evening (time 2100) by trained collectors. The
participants were asked to refrain from consuming food
and beverages (except water) 1 hour before each assess-
ment. The measurements were repeated at home on
a day off (typically a Sunday) at corresponding
times. On the day off, the participants were asked to
avoid physical activity (such as sports, housework or
gardening) or heavy mental work in order to obtain val-
id physiological reference values. The participants were
asked to empty their bladder at the time indicated, to
measure the volume of urine with a metering box,
and to keep a record of each voiding time and vol-
ume that occurred between the measurement points.
The urine samples (100 ml) were acidified immediately
by hydrochloride acid to a pH level of 3. Each sample
was then divided into two aliquots of 15 ml each. The
aliquots were frozen (–20°C) for analysis by high-per-
formance liquid chromatography. The level of epine-
phrine and norepinephrine was expressed as picomole
(10–12 moles per liter of urine) per the minutes since the
last voiding per kilogram of body weight. The partici-
pants recorded their consumption of alcohol, nicotine,
caffeine, medication, and additional workload (eg,
hours of housekeeping, child care, etc) in a diary
each evening over seven consecutive days. This interval
included both physiological measurement days (work-
day and day off). The accuracy and robustness of the
measurements with respect to the collecting schedule,
acidification, storing conditions, and comparison of the
time-related index with the ratio of creatinine were high-
ly satisfying (detailed information available from the
authors).

The aliquots were analyzed in the Chemical Labo-
ratory of the University Hospital in Berne by high-per-
formance liquid chromatography.

Data analysis

To predict the development of low-back pain, we con-
ducted hierarchical multiple regression analyses. Mus-
culoskeletal problems in the baseline phase were entered
first. Next, we entered age, body mass index, smoking,
days off work as an indicator of general health, and neu-
roticism. Unbalanced physical load in the baseline phase
and the change in physical strain, as rated at the time of
the follow-up, were entered in a third step, as they ap-
pear to be reliably associated to low-back pain (2). All
the other predictors, which were mainly psychosocial
and work-related, were added to the model only when
they explained additional variance by a statistically sig-
nificant amount (P<0.05), with the use of a forward step-
wise procedure. For predicting the categorical outcome
variables, we ran multiple logistic regressions follow-
ing the same procedure. All of the P-values are two-sid-
ed.

Results

Both the qualitative requirements (variety, complexity)
and the stressors proved to be rather high for this sam-
ple. Method control was higher than time control. The
level of social support reported was high as well, as was
the level of job satisfaction (detailed information avail-
able from the authors). The nurses tended to engage fre-
quently in work during their leisure time, especially at
the time of the follow-up.

Table 1 shows the frequency of low-back pain at the
time of the follow-up. Bivariate correlations between the
work characteristics and the indicators of low-back pain
were low to moderate and in the expected directions (all
correlations available from the authors).

As table 2 shows, back pain in the baseline phase
was the strongest predictor of the frequency of episodes
of low-back pain. Of the other variables forced into the
model, only change in physical strain proved to be pre-
dictive.

From the psychosocial variables that were tested by
the hierarchical forward procedure, time control
emerged as a significant predictor. In a multiple logis-
tic regression analysis with the same hierarchical regres-
sion approach, the frequency of low-back pain was re-
coded as infrequent (up to once a month) and frequent
(more than once a month). The analysis yielded an ele-
vated odds ratio (OR) for the increase in physical strain
[OR 6.00, 95% confidence interval (95% CI) 1.68–
21.44] and for time control (OR 4.61, 95% CI 1.42–
15.03). The results for the duration of the low-back pain
episodes (>7 days) during the follow-up also showed
a higher risk for time control (OR 2.19, 95% CI
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1.04–4.61). Medical consultation because of low-back
pain was predicted by a lack of social support from best
colleague (OR 5.75, 95% CI 1.27–25.97). The number
of nurses absent from work because of low-back pain
(N=3) was too small for reliable prediction.

Table 1. Low-back pain at follow-up (N=114).

Outcome variable N %

Deterioration of low-back pain
Yes 23 20.2
No 91 79.8

Frequency
None or once a year 21 18.4
Less than once a month 29 25.4
Once a month 39 34.2
Every week 23 20.2
Steadily 2 1.8

Duration
None 14 12.3
1–7 days 49 43.0
8–30 days 33 28.9
> 30 days 17 14.9
Daily 1 0.9

Medical consultation for low-back pain
Yes 15 13.3
No 98 86.7

Work absence due to low-back pain
Yes 3 2.7
No 110 97.3

Table 2. Prediction of the frequency of back pain episodes (stepwise linear multiple regression analysis).a [Beta (In) = standardized
regression coefficient when the variable was entered, Final beta = beta after all the variables had been entered, t = test of significance for
final beta, R2

change
 = increase in explained variance, Fchange

 = significance of R2
change, R = multiple correlation, R2 = variance explained; Adj R2

= adjusted R2, F = test of significance for multiple correlation coefficient, df = degrees of freedom, sign F = level of significance of the F-
test]

Predictor Beta (In) R2
change Fchange P-value b Final beta t P-value c

Step 1
Back pain at baseline 0.51 0.26 36.44 0.000 0.48 5.76 0.000

Step 2
Control variables 0.05 1.29 0.276

Age 0.04 0.04 0.46 0.648
Body mass index (t2) 0.15 0.12 1.38 0.170
Work absence 0.12 0.13 1.54 0.128
Neuroticism 0.03 –0.01 –0.13 0.895
Smoking –0.03 0.04 0.42 0.673

Step 3
Physical load 0.03 2.51 0.086

Unbalanced load 0.11 0.13 1.51 0.134
Change in physical strain d –0.16 –0.17 –2.11 0.038

Step 4
Time control –0.21 0.04 6.44 0.013 –0.21 –2.54 0.013

Final regression model: Mult R: .62 R2: 0.38 Adj R2: 0.32
F: 6.54 df: 9/97 Sign F: <0.001

a In steps 1 to 3, the variables were forced into the equation. For step 4, a stepwise procedure was applied. (See the paragraph on the data analysis in
the text.)

b P-value for the Fchange.
c P-value for the t.
d Higher values indicate improvement.

As has already been described, for a subsample of
24 nurses, additional data were available concerning uri-
nary catecholamine release, stressful events at work, and
mood. The level of catecholamine release among the
nurses reporting more frequent episodes of low-back
pain (ie, at least once a month, N=12) was higher than
for those who did not, or only rarely, experience such
episodes (“none” or “less than once a month”, N=12).
The differences were highest for the measurement at the
end of work. Furthermore, although the nurses who re-
ported more frequent episodes of low-back pain did not
differ from the other group in terms of number (mean
7.38 over 5 workdays for both groups) or content of
stress episodes at work, they did rate these episodes as
less controllable (ie, had lower scores on the item “my
chances to turn the situation to good were…”). In addi-
tion, the nurses with low-back pain reported more ex-
haustion at the end of the workday and higher feelings
of tension after work. Three of these differences were
statistically significant, and three were marginally sig-
nificant (table 3). The differences between the groups
with regard to private stressful events and mood on
rest days were in the same direction, but less pro-
nounced. With respect to the control variables, the
results showed that, in both groups, the vast majori-
ty did not smoke or drink any alcohol during the
week of the in-depth assessment. The only difference
was that the high pain group drank significantly less
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caffeine-containing liquids on the rest day. There were
no differences with respect to neuroticism in the base-
line phase. There was no meaningful association be-
tween these variables and control over stressful events
at work, mood, or catecholamines. The analyses of co-
variance that controlled for the consumption of alcohol,
nicotine, caffeine on a workday or the day of rest, and
neuroticism in the baseline phase showed an unchanged
pattern of results.

Discussion

As was to be expected (2), the baseline measurements
were the strongest predictors of low-back pain at fol-
low-up. Changes in physical strain were also predictive.
Over and above these influences, however, time con-
trol predicted the frequency of low-back pain at the time
of the follow-up. Because physical load was controlled

in these analyses, the effect of time control was not like-
ly due to an accumulation of strenuous work positions
that could not be avoided because of low control (12).
And since several potentially confounding variables,
such as body mass index, smoking, and neuroticism,
were controlled as well, these longitudinal findings
indicate that the psychosocial aspects of work are inde-
pendently involved in the development of low-back pain
(30). That time control emerged as a predictor under-
scores the value of distinguishing various facets of con-
trol (10). Time control may be especially important for
nurses, since their activities involve responding to the
needs of patients, the hospital schedule, and the orders
of doctors. Low control over time implies that one’s
work is externally paced, a factor which has been shown
to be related to impaired health in general and to musc-
uloskeletal disorders in particular (35). For nurses, this
external pacing is not due to machines, as in many pro-
duction jobs, but to other people, analogous to what
Lundberg & Melin (35) call “customer paced”.

Table 3. Low-back pain, control over stressful events at work, exhaustion, mood, and level of catecholamine release.

Frequency of low-back pain

Variable Low (less than once a month) (N = 12) High (at least once a month) (N = 12) t a P-value

Mean  SD Mean SD

Epinephrine level on workday
[pmol(min/kg)]

Noon 0.59 0.26 1.07 0.76 –2.07 0.058 b

End of work 0.67 0.36 1.15 0.50 –2.56 0.019
Evening 0.59 0.41 0.76 0.54 –0.89 0.384

Epinephrine level on day off
[pmol(min/kg)]

Noon 0.41 0.32 0.65 0.53 –1.35 0.190
Afternoon 0.53 0.35 1.11 0.89 –2.11 0.053 b

Evening 0.43 0.22 0.56 0.40 –0.97 0.345
Norepinephrine level on workday
[pmol(min/kg)]

Noon 3.75 1.13 4.58 2.44 –1.07 0.295
End of work 3.18 0.83 5.17 1.86 –3.24 0.006 b

Evening 3.79 2.21 4.59 2.95 –0.75 0.461
Norepinephrine level on day off
[pmol(min/kg)]

Noon 2.95 1.25 3.35 1.56 –0.71 0.489
Afternoon 4.00 2.76 4.82 3.02 –0.70 0.496
Evening 3.39 1.45 2.72 1.04 1.22 0.237

Control over stressful events at work c 4.15 0.84 3.50 0.89 1.80 0.086
Exhaustion in the evening of workdays d 3.13 0.70 3.64 0.68 –1.82 0.082
Mood after work

Recovery 3.46 0.75 2.75 0.85 2.17 0.041
Relaxation 4.74 0.53 4.06 0.59 2.94 0.008
Mood 4.13 1.15 3.46 0.68 1.74 0.097
Self-assurance 4.37 0.54 3.87 0.59 2.16 0.041

a Students t-test.
b Corrected for unequal variances.
c Code: 1 = very low – 6 = very high.
d Code: 1 = very little – 5 = very much.



392 Scand J Work Environ Health 2002, vol 28, no 6

Time control, catecholamines, and back pain

The additional assessments in the subsample enabled
us to test the hypothesis that activation of the sympa-
thetic-adrenal medullar system may be involved in the
processes that are responsible for our findings. This
assumption is based on models postulating that in-
creased muscular tension, even in the absence of physi-
cal demands, may play a role in the development of
musculoskeletal disorders and that (sustained) activation
of the sympathetic-adrenal medullar system is involved
(15, 17, 35). The pattern of our results is in line with
these expectations. Catecholamine release was higher in
the nurses with more frequent low-back pain, and this
group also experienced less control over stressful events
at work and reported more exhaustion and worse mood
after work. These results, therefore, are in agreement
with etiologic models of musculoskeletal disorders that
emphasize activity of the sympathetic-adrenal medullar
system as a mediator between unfavorable work condi-
tions and pain (17, 35).

The rather small sample in the in-depth study in
which catecholamine measurements were available cer-
tainly constitutes a weakness of our study. In addition,
since the scope of the entire project was broad (18),
many measures had to be rather short. Measurement of
the baseline level of back pain, and of physical load,
was less detailed than is typical for studies on back pain.
The fact that both of these variables were predictive of
low-back pain in the follow-up speaks in favor of the
validity of these measures. Nevertheless, it cannot be
ruled out that the influence of psychosocial factors may
have been reduced somewhat if these measures had been
more detailed. However, the frequency of low-back
pain, as measured with the item from the Nordic ques-
tionnaire and the single item measure, which were both
available in the follow up, were highly correlated
(R=0.79). Furthermore, the analyses with the single-item
measure of back pain in the follow up as a dependent
variable showed the same pattern of relationships found
with the Nordic items, and this finding includes rela-
tionships with the catecholamine level. This result and
the inclusion of several important control variables in
the models supports the role of the psychosocial varia-
bles, another finding which is also in line with previous
results (30, 35, 36).

On the other hand, this study had several strengths.
First, it was prospective and allowed the prediction of
symptoms over time, while controlling for initial symp-
tom status. Second, in addressing job beginners, it mon-
itored a period of increased risk for back pain and back
injuries (6), and it avoided the “survivor bias” (37).
Third, the inclusion of catecholamine measurements and
a micro-level approach to stressful events at work
strengthened the findings and spoke against effects of
common method variance, which otherwise might have
weakened the results based on traditional questionnaires

only. Control at work—both in terms of time control in
the general questionnaire and in terms of situational con-
trol in the diary study—was related to low-back pain.
This result underscores the importance of control at
work for well-being (10) and health (9) in general, and
for the development of musculoskeletal problems in par-
ticular (35, 38).
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