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The research reported here had five main aims. Firstly, to review the current literature on the combined effects
of occupational hazards on health and safety. Secondly, conduct secondary analyses of self-report data from
randomly selected community samples to examine the impact of combinations of workplace factors on health
and safety. Thirdly, to investigate the effects of combinations of workplace factors on accidents at work in a
sample attending Accident and Emergency units in Wales. Fourthly, to investigate using measures taken
before and after work at the start and end of the working week and effects of combinations of workplace factors
on performance efficiency and physiology. Finally, to assess the utility of the approach to other current topics of
interest and review the implications of the results for policy issues such as stress management standards.
The results showed that a measure of exposure to combinations of workplace factors (the Negative
Occupational Factors Score) was associated with a number of health and safety outcomes, many of which
were consistent across different industry sectors. Some of the associations reflected levels of perceived stress
at work whereas others did not involve stress mediation. Negative occupational factors combined with nonwork factors (e.g. demographic characteristics) to increase the risk of stress and minor injuries at work.
Dissection of the negative occupational factors score identified outcomes influenced by job demand-controlsupport, effort-reward imbalance and physical hazards/working hours. Some outcomes were associated with all
of these dimensions, others by pairs of dimensions and some were specific to a particular dimension. Stress at
work was associated with all dimensions but a combination of high demands/high effort had the major effect.
Analyses of longitudinal data confirmed effects observed in the cross-sectional analyses and gave a better
indication of causality. The results from the Accident and Emergency Unit study showed that the negative
occupational factors score also predicted accidents at work. Similarly, objective measures of performance and
physiology were influenced by exposure to combinations of occupational factors. The present approach has
also been shown to be important in assessing specific problems in certain occupations (e.g. seafarers’ fatigue)
and in clarifying the effects of drug use on safety at work. In addition, it has strong implications for the
development of stress management standards.
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EXECUTIVE SUMMARY
1.

BACKGROUND

There has been previous research on a large number of workplace hazards. There are two types:
these are generally considered as ‘white-collar’ stressors (i.e. those arising from the
psychosocial environment, that is the interaction between the psychology of the individual and
the social environment of work) and ‘blue-collar’ stressors (i.e. those due to exposure to
stressors of a physical nature such as noise or fumes or potentially deleterious organisation of
the hours of work such as night-, shift-work or excessively long hours). For the most part the
nature and effects of such stressors have been considered in isolation. Such an approach is not
likely to be representative of the real-life situation where employees are often exposed to
multiple hazards (i.e. both white-collar and blue-collar stressors). For example, individuals are
very unlikely to work in a noisy environment that does not also expose them to other stressors
that have considerable potential to harm. There is limited information on the combined effects
of these hazards on health and performance efficiency. Indeed, there has not even been any
systematic reviews of the existing literature; no attempt to produce a coherent framework for
studying these factors has been offered and a dearth of studies using multi-methods to
investigate the topic have been undertaken. This investigation aims to redress these issues. The
information currently available on combined effects will be reviewed; following this a variety of
methods will be used to investigate the combined effects of occupational health hazards.
Achievement of these two objectives is an essential first requirement for the advancement of
this area of research.

2.

THE INVESTIGATION OF COMBINED OCCUPATIONAL STRESSORS

These investigations involved analysis of data from a number of sources to address the health
and safety impact of exposure to multiple workplace stressors. The starting point was an
analysis of two large-scale (i.e. N > 4000) community samples: the Bristol Stress and Health at
Work study and the South Wales Health, Work and Safety study. This enabled the investigation
of the greatest range of outcomes with the greatest sample size. Other studies were also
conducted that were designed to focus on certain issues: work-related accidents; causal
relationships between chronic changes (i.e. over 12 months) in exposure to multiple workplace
stressors and health outcomes; and causal relationships between acute changes (i.e. over the
course of between one working day and one working week) in exposure to multiple workplace
stressors and mood, performance and physiological measures. These investigations and their
respective outcomes are summarised below.

3.

THE NEGATIVE OCCUPATIONAL FACTORS (NOF) SCORE

The main aim of this report was to determine the influence of physical and psychosocial job
characteristics on health, accident and injury outcomes (whilst controlling for the influence of
individual characteristics and demographic factors). The main approach to assessing multiple
stressors was through a substantial questionnaire that asked the individual about many different
facets of the work they did. This included information such as the hours they worked and
whether they worked shifts or at night; any exposure to hazards such as noise and fumes; the
demands of their work, the support they received from senior staff and co-workers and the
control they felt they had over how they did their work; finally, the effort that their work
involved and the reward for their endeavour were also ascertained. Although not an inclusive
list of all possible stressors this did reflect a variety of different aspects of the workplace, both
white- and blue-collar stressors. Scores for all these items were summed to create a composite
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measure that reflected both physical and psychosocial job characteristics: higher scores
reflecting exposure to a greater level of multiple stressors.
This measure was caled the Negative Occupational Factors (NOF) score. It was split into four
quarters (i.e. from the lowest quartile [i.e. bottom 25%] of scores to the highest quartile [i.e. top
25%] of scores) and the pattern of associations between this and the various outcome measures
were assessed. It was hypothesized that the negative influence of job characteristics would be
greatest when the greatest number of multiple stressors were present in combination (i.e. in the
top quartile of the NOF score). In addition to this, the NOF score may have showed different
influences dependent upon: the occupation of the individual, their current employment status
(i.e. were they self-employed, an employee or a manager?), whether they considered themselves
to be highly stressed at work or not (i.e. mediation of the effect by stress) and additional risk
factors (i.e.other factors associated with the outcome) present. Additional analyses were
undertaken to address this point. For all analyses, the significance level was taken as p<.05.

4.

COMMUNITY SURVEY SAMPLES

Both the Bristol and South Wales datasets were broadly comparable in terms of their
demographic characteristics. However there were a number of small differences between the
two samples, namely that response rates were slightly higher in the Bristol sample and that the
Bristol population contained: more smokers, more male workers, fewer non-manual workers,
and a greater proportion of individuals reporting low educational attainment and low income.
Self reports of job stress and poor mental health were similar in both samples. In terms of
accident and injury outcomes, a number of differences between the two populations emerged:
incidence of work accidents and minor injuries was greater in the South Wales sample, whereas
cognitive failures were more frequent in the Bristol sample. Given the detailed set of health
outcomes studied, it was possible to identify geographic differences in the reported incidence of
certain outcomes. Within the Bristol sample, higher reporting of acute minor illnesses (e.g.
acute respiratory tract infections) and more chronic (i.e. in the last 12 months) ailments (e.g.
back pain, gastrointestinal problems and/or depression) was evident; whereas allergic symptoms
(i.e. in the last 12 months) and lifetime prevalence of coronary heart disease (CHD) risk factors
were proportionally higher within the South Wales sample.
4.1

Effects of the NOF Score

Combined negative occupational factors were not found to be associated with a number of
health, health-related behaviour and other outcomes: smoking, alcohol consumption, lifetime
prevalence of cancer, hospital visits and chronic back pain were all not associated with the NOF
score. However, the NOF score demonstrated a number of different types of significant effects
associated with the specific outcome measures. These can be summarised as follows, based
upon the statistical increase in risk attached to one quartile of the NOF score in comparison to
those within the lowest quartile of the NOF score. There were linear effects observed for stress,
anxiety and acute psychological problems (i.e. the risk increased proportionally with each
successive quartile of the NOF score). Depression, acute health problems, accidents and minor
injuries at work were more likely in the 4th quartile of NOF only. There were some other
significant effects not summarised here, although the pattern was more difficult to interpret in
these cases.
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4.2

NOF, Occupation and Employment Status

Combined negative occupational factors showed the same effects on these outcomes when
looking at specific occupations. That is, none of these effects were either exacerbated or
ameliorated by the specific occupation the individual worked in. However, when looking at
their employment status (i.e. either self-employed, employee or manager) this was not always
the case. Certain outcomes were found to be independent of current employment status, such as:
work-related stress, anxiety and acute lower respiratory tract symptoms. Others however did
vary according to employment status. For example, back pain in the last 14 days was more
likely to be reported amongst the self-employed and managers in the upper quartile of the NOF
score and this was not the case for employees.
4.3

NOF and Stress Mediation

One of the outcomes that was most highly associated with combined negative occupational
factors was work-stress. Was it possible that the NOF score was only reflecting the stress at
work experienced by the individual or did it capture something else? To address this, each of the
four quartiles of the NOF score was split into (a) high or (b) low work-stress categories. When
this new 8-category variable was used a number of different patterns were seen. There were no
effects of stress mediation for some outcomes: depression, acute psychological problems,
lifetime prevalence of respiratory disease or acute (i.e. in the last 14 days) lower respiratory
tract problems; the likelihood of any worker reporting these outcomes were independent of them
feeling stressed at work. Reporting of the following outcomes: back pain in the last 14 days,
gastrointestinal problems in the last 14 days, cognitive failures and minor injuries, was only
exacerbated if the individual was both stressed at work and their NOF score was in the top
quartile. There were also other associations between the NOF score and outcomes that were
mediated by stress (i.e. anxiety, painkillers and/or digestion medication in last 14 days, GP visits
in last 12 months, and currently smoking).
4.4

NOF and Additional Risk Factors

Apart from the combined negative occupational factors, there were additional risk factors for all
outcomes. These were used to derive novel variables that combined the quartile of the negative
occupational factors score that the individual fell into and the number of additional identified
risk factors. Other potential risk factors included: age group, gender, education level attained,
income, being a manual or non-manual worker and ethnicity; examples for two outcomes are
given below. Four additional risk factors were identified for minor injuries at work and ten
additional risk factors were identified for work-related stress; it was evident that both workminor injuries and work-related stress increased not only as a function of the NOF score, but
also as a function of the number of additional risk factors exposed to.
4.5

Further Analysis of NOF Score Components

Following these analyses, a more detailed analysis of the NOF score was undertaken for each
outcome; the score was broken down into its constituent parts which were then examined in
terms of their relative influence on the outcome measures. The NOF score had three broadly
different components: (1) job demand-control-support, (2) effort-reward imbalance and (3)
exposure to hazards/working hours. Job-demand-control-support and effort-reward imbalance
are models that seek to describe the relationship between work and health and the key
influences on health from the work environment. The constituent parts of these models can be
thought of as mainly ‘white-collar’ stressors; the other stressors – physical hazards and working
hours – can perhaps be rather simply thought of as ‘blue-collar’ stressors. These further analyses
looked at whether the outcomes were significantly associated with all three components, only
two components or a single component of the NOF score. This would enable a better
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understanding of whether it was truly the combined effect of the negative occupational factors,
or an effect better attributed to a constituent part of the NOF score. Once this had been
investigated and the significant components identified, further analysis could identify if there
were any crucial sub-components. As evidenced in the names of the three components, the
subcomponents were as follows: for job-demand-control-support = demand, control and
support; for effort-reward imbalance = extrinsic effort, intrinsic effort and reward; for
hazards/working hours = physical hazards and working hours. The only distinction that needs to
be made is between ‘intrinsic’ and ‘extrinsic’ effort: ‘intrinsic’ refers to how much effort the
individual is willing to make at work and ‘extrinsic’ refers to how much effort is expected of the
individual at work.
4.5.1

Outcomes influenced by all 3 NOF components

Only one outcome measure, work-stress, was found to be significantly influenced by all three
components of the NOF score (i.e. job demand-control-support, effort-reward imbalance and
hazards/working hours). Analyses indicated that work stress was most likely to be reported by
workers whose jobs were highly demanding, required high levels of effort and exposed them to
high levels of physical hazards and/or deleterious working hours; further investigation made it
apparent that highly effortful jobs alone exerted the most negative influence on work stress.
4.5.2

Outcomes influenced by 2 NOF components only

The following outcomes were significantly associated with two components of the NOF score:
(a) anxiety (influenced by job demand-control-support and effort-reward imbalance); (b) acute
lower respiratory tract symptoms; (c) psychological problems (both influenced by effort-reward
imbalance and hazards/working hours); (d) currently smoking; and (e) alcohol consumption
above recommended levels (both influenced by job demand-control-support and
hazards/working hours). These effects are described in more detail below.
Job Demand-Control-Support and Effort-Reward Imbalance

Of the subcomponents of the effort-reward imbalance model, workers who reported high levels
of intrinsic effort were found to be most likely to be anxious. Looking at the Job-DemandControl-Support Model, likelihood of being anxious was only significantly increased where
workers reported that their work was highly demanding, they had low control over their work
and low levels of support from their peers and superiors (NB: there was however some evidence
of the protective effects of both high levels of support and control observed; that is, anxiety was
less likely in workers who scored highly on both these subcomponents).
Effort-Reward Imbalance and Hazards/Working Hours

For the acute lower respiratory tract problems outcome, workers who reported the following
combination of subcomponents were at greatest risk: highly deleterious organisation of working
hours, high levels of effort put into their work and low levels of reward from their work.
However, there were no significant differences between the relative impact of the
subcomponents of deleterious working hours and high effort/low reward. Workers who reported
both high levels of physical hazards and high levels of intrinsic effort appeared to be most likely
to have reported the occurrence of psychological or sleeping difficulties in the last 14 days. The
influence of high levels of intrinsic effort on acute psychological problems was shown to be
greater than that of high levels of exposure to physical hazards.
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Job Demand-Control-Support and Hazards/Working Hours

Those workers currently smoking were most likely to have reported highly demanding jobs,
high levels of support from colleagues and superiors, low levels of control over how their work
was performed, and high exposure to unfavourable organisation of working hours. Those
workers who consumed alcohol beyond recommend limits for their gender were more likely to
report that their jobs were highly demanding, support from colleagues and superiors was high,
control over how they worked was high as were the levels of exposure to physical hazards. In
both cases however, neither component (i.e. either the Job Demand-Control-Support Model or
exposure to hazards/working hours) was found to exert a greater influence than the other.
4.5.3

Outcomes influenced by a single NOF component

Exposure to Hazards/Working Hours

Those workers who reported that their jobs exposed them to high levels of physical hazards and
deleterious working hours were more likely to have reported frequent minor injuries at work,
cognitive failures (i.e. perceived failures of memory, attention or action) outside work and the
occurrence of respiratory disease during their lifetime. The likelihood of these three outcomes
being reported was greatest where levels of physical hazards and deleterious organisation of
working hours were both high. More detailed analysis of this hazards/working hours component
suggested that minor injuries at work were most likely to occur where exposure to all stressors
was high; the combination of reported unsociable/unpredictable hours of work, fumes/harmful
substances exposure and loud noise that leaves a ringing in the ears/background noise that
disturbs concentration was however a better predictor of minor injuries at work than any of the
other exposure categories (NB: with the exception of the exposure to all stressors category). The
occurrence of respiratory disease (i.e. lifetime prevalence) was also most likely where exposure
to unsociable/unpredictable hours, fumes/harmful substances and having a noisy workplace
were all reported. These outcomes actually appeared to be dependent on the type of stressors
exposed to: the risk of minor injuries at work and respiratory disease occurrence did not simply
increase as a function of the number of physical stressors experienced within the work
environment.
Job Demand-Control-Support

'Probable’ cases of clinical depression (as categorised by the Hospital Anxiety and Depression
questionnaire), having made 4 or more hospital outpatient visits in the last 12 months and
allergies within the last 12 months were all significantly associated with the job demandcontrol-support component of the NOF score only. Workers who defined their jobs by the
combination of low support from colleagues/superiors and low control over how they worked
were most likely to also be depressed. Whereas, hospital outpatient visits were more likely
where one’s job was defined as highly demanding, with high support from colleagues/superiors
but low control. It appeared that those workers who reported low control over how they worked
were most likely to also have reported experiencing allergies in the last 12 months.
Effort-Reward Imbalance

The following outcomes were significantly associated with the effort-reward imbalance
component only: (1) cognitive failures at work, (2) musculoskeletal problems in the last 14
days, (3) 6 or more days sick leave in the last 12 months, (4) gastrointestinal problems and/or
depression in the last 12 months, (5) upper respiratory tract infections in the last 14 days, (6)
gastrointestinal problems in the last 14 days and (7) use of pain relief and/or digestion
medication in the last 14 days. For acute musculoskeletal problems, cognitive failures and acute
gastrointestinal problems, a ‘threshold’ effect of effort-reward imbalance was evident:
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likelihood of reporting these outcomes only increased significantly where reported effort (both
intrinsic and extrinsic) was high and reported reward was low. High levels of reported intrinsic
effort alone appeared to be the crucial factor in predicting both upper respiratory tract infections
in the last 14 days and gastrointestinal problems and/or depression in the last 12 months. The
impact of effort-reward imbalance on other outcomes was more difficult to interpret.
4.6

Longitudinal Data from Bristol Stress and Health at Work Study

The community sample that was initially analysed was a combined data set from two separate
epidemiological surveys: the Bristol Stress and Health at Work study and the Cardiff Health,
Work and Safety study. The Bristol survey gathered data at two time-points 12-months apart,
therefore an investigation of the effects of increases or decreases in the NOF score on health
could be undertaken. Change scores were created by manipulating the data gathered at time-1
and time-2 in the Bristol Stress and Health at Work study. For the NOF score, a change score
was created by subtracting the total NOF score at time-1 from the time-2 score. This was then
split into tertiles: these represented a decrease in exposure, relatively little change in exposure,
and an increase in exposure respectively.
It was clear that changes in the NOF score were accompanied by parallel changes in the
categorisations of some health variables. That the NOF score was associated with work-stress
was perhaps not surprising as all the earlier analyses had demonstrated that self-reported workstress was most strongly associated the NOF score in cross-sectional analyses. It was clear that
stress and mental health outcomes were those most strongly associated with the NOF score and
most sensitive to changes in the NOF score. Given the size of the sample some variables
exhibited little change or had small numbers in some categories (e.g. psychotropic medicine
taken in the last 14 days). A larger sample may have revealed additional findings.
4.7

Summary of Community Surveys

It was evident that reported exposure to combinations of negative occupational factors were
frequently associated with negative health outcomes more strongly than either single stressors or
combinations of fewer stressors. The three main components (i.e. job-demand-control-support;
effort-reward imbalance; exposure to hazards/working hours) and the constituent
subcomponents demonstrated a number of important, significant and specific associations with
the outcomes of interest.
One of the outcomes of interest was work-related accidents; there were few effects however
evident for the work-related accidents, minor injuries and cognitive failures outcomes. This may
have been due to the relatively low incidence of these outcomes within the current dataset;
therefore the aim of the next study was to repeat these analyses for accidents, minor injuries and
cognitive failures (NB: both at work and outside of work) using data specifically sampled and
selected to contain a higher proportion of individuals who had an accident at work.

5.

ACCIDENT AND EMERGENCY UNIT SURVEY

The study presented here represents an investigation designed to increase the number of workaccident cases available for analysis. Instead of random sampling from the population, the
sampling frame was individuals who had attended Accident and Emergency (A&E)
departments. Therefore, there were many more people who had had work accidents by the very
nature of the sample. Initial investigations used data from the A&E department at Cardiff
University Hospital. Subsequent data collection was rolled-out to include a number of other
A&E departments spread throughout Wales. The questionnaire used was an expanded version of
that used in the community survey study: there were considerably more questions that asked
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about the nature of any work-related accident that had befallen the individual. Aside from workrelated accidents, minor injuries and cognitive failures (NB: these were all present in the
analysis of the community survey data), other related variables were derived: accident
proneness and severity of injury. Accident proneness referred to those individuals who had had
multiple accidents at work in the previous 12 months. Severity of injury was inferred from the
reported time (i.e. number of days) it took to get back to work after the occurrence of the injury.
The NOF score was calculated in the same way and the analysis followed the same logic:
breaking down the NOF score into its various components and subcomponents to see which
were highly associated with the likelihood of having work-related accidents.
5.1

Work-Related Accidents

The analysis of the A&E data demonstrated a strong association between the NOF score and the
likelihood of having had at least one work-accident. This was much more apparent here than the
association found in the community survey data, and this was likely to be largely due to the
considerably greater number of work-accidents in this later sample. Analysis of the components
of the NOF score showed that it was the exposure to physical hazards (i.e. fumes exposure;
handling hazardous substances; noise that causes a ringing in the ears; background noise that
disturbs the concentration) and/or the deleterious organisation of working hours (i.e. night- or
shift-work; long, unsociable hours; unpredictable hours of work) that was crucial. Further
analysis and identification of crucial items was hampered as, although there were many more
accidents in the sample, there were very few individuals exposed to single stressors so their
individual contribution was difficult to assess (i.e. there were very few workers who reported
exposure to fumes only and not having to handle harmful substances and therefore it was not
possible to differentiate between the contribution of these stressors; a similar problem was seen
for many of these items).
5.2

Work-Minor Injuries and Work-Cognitive Failures

Looking at other related, yet less severe, outcomes (i.e. work-minor injuries and work-cognitive
failures) it was clear that this methodology offered no additional benefits to the study of these
topics: there may have been a greater proportion of individuals who had had frequent workrelated minor injuries in the sample, but this was less strongly associated with the NOF score
than had been found in the analysis of the community sample data (NB: this may have been due
to the different nature of the samples). The reporting of work-related cognitive failures was not
significantly associated with the NOF score using this methodological approach. What was
apparent was that this methodology had succeeded in improving the study of factors associated
with work-accidents but not the other, related, outcomes.
5.3

Accident Proneness and Severity of Injury

There was a strong association between the occurrence of one or more work-accidents (versus
having reported none in the last 12 months) and the NOF score. The accident ‘proneness’ and
‘severity’ outcomes also showed some degree of association with the components of the NOF
score. However neither outcome was significantly associated with the NOF score itself. An
association was seen between both these outcomes and the exposure to hazards/working hours
component; this was however only marginally significant on both counts. Although it was
difficult to analyse further due to the small numbers in certain categories of the study variables,
workers who reported exposure to high levels of physical hazards were more likely to have had
multiple accidents at work; however, conversely, workers who reported highly deleterious
organisation of working hours were more likely to take more time off work following their
injury.
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5.4

Summary of A&E Study

Only work-related accidents were significantly associated with the reported exposure to
combinations of negative occupational factors. It was apparent that the other outcomes were
only marginally significantly associated with combined negative occupational factors, if at all;
realistically they were only really associated with the exposure to hazards/working hours
component. The other components (i.e. job demand-support-control and effort-reward
imbalance) were more weakly associated with the outcomes therefore when all three
components were subsumed into the NOF score the effect of the exposure to hazards/working
hours component was diluted to the extent of no longer being apparent or at least partially
disguised.
Despite the summarised observations, neither of the novel outcomes (i.e. proneness and
severity) could be adequately investigated to the subcomponent level. Although greatly elevated
compared to the previous investigation, the relatively small number of work-accidents victims
(N = 820) made this difficult; the sample therefore remained inadequate to investigate some of
the other aspects of work-accidents. Interests in more specific questions may require targeted
samples, considerably greater sampling frames or a greater number of A&E departments to
gather data from (NB: as the events are perhaps too rare to be expected to occur by any other
means).

6.

SUMMARY FROM SURVEY METHODOLOGIES UTILISED SO FAR

The analyses of the combined community surveys (i.e. Bristol and South Wales) and the A&E
dataset have focused on health and safety outcomes. The NOF score variable, its three
components and various other derived variables have offered considerable insight into the
association between combinations of certain job characteristics and various health and safety
outcomes. It was clear from this investigation that certain specific job characteristics were
associated with particular outcomes; particularly evident was that the component ‘exposure to
hazards/working hours’ was significantly associated with various aspects of work-accidents.
So far the investigations have relied almost exclusively on survey-based methodologies and
self-reports of both job characteristics and the relevant health and safety items of interest. A
different set of outcomes that could reasonably be expected to be influenced by job
characteristics but had not yet been investigated were those relating to performance efficiency
and various physiological measures. Examples of these include: reaction time, focused attention
and categoric search, cortisol and blood pressure. Investigation into such issues with specific
reference to the methodology employed was the next step.

7.

MOOD, OBJECTIVELY MEASURED PERFORMANCE and PHYSIOLOGY

A series of studies were conducted that examined the relationship between exposure to
combined negative occupational factors (e.g. noise and night-work) and objective measures of
performance and physiology; individual’s mood when tested was also assessed in each case.
Analyses were conducted on three separate datasets: two were samples from the general
working population and a third was a sample of offshore workers. Unfortunately, due to key
differences in methodologies it was not possible to calculate a NOF score for these samples in
exactly the same way as has been instigated throughout the various investigations of this report.
However, approximations derived from similar items and their impact on performance, mood
and physiology are summarised below. Performance was assessed using a small battery of
computer tests in each case; these tests assessed aspects of reaction time and attention that were
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proven to be susceptible to fatigue. It was expected that those individuals exposed to multiple
occupational stressors would display higher levels of fatigue.
7.1

Analysis of the Bristol Cohort Data

This study was carried out on a cohort of individuals from the Bristol Stress and Health at Work
study (N = 188) who had volunteered to take part in further investigations based upon their
previous completion of a study questionnaire. The aim of the analysis of this data was to
determine whether the previously established links between the NOF score and subjective health
outcomes would be supported using more objective measures of stress and health outcomes (i.e.
salivary cortisol, blood pressure, pulse) and the previously untouched area of performance.
Despite the relatively small sample size, it appeared that performance was significantly
associated with exposure to combined stressors in the workplace. Furthermore, tasks that had
previously been shown to be sensitive to laboratory manipulations of stressors were found to be
useful in predicting longer term, more general, effects of exposure to negative occupational
factors. The significant effects found however are quite selective, whereas findings obtained
with more subjective measures tend to give a more global profile.
7.2

Combined Noise and Shift-work In a Seafaring Population

Objective data were collected from seafarers on board support vessels for the North Sea oilrigs
as part of a project on offshore fatigue. Previous research on this population had highlighted a
link between combinations of work-related stressors exposed to and poor self-reports of health.
The results described refer to the combined effects of noise and night work: it was not possible
in this instance to calculate a total negative occupational factors score approximating those
described in previous sections. Noise and night work were investigated for a number of reasons:
firstly, the independent effects of both noise and also time of day effects are well established.
Secondly, the effects of noise and circadian variation have previously been studied in a
laboratory setting thus offering an opportunity for comparison.
This investigation found that objectively-measured exposure to noise whilst working was
significantly associated with changes in both mood and performance: those reporting high
exposure felt more alert but demonstrated slower reaction speeds. Although there were few
effects of night work, those working night shifts reported feeling less alert than day workers,
and were slower on more complex attention tasks. Looking at noise and shift-work revealed few
combined effects. However, significant interactions were apparent between noise and night
work on a computer-based task of selective attention (i.e. categoric search). The results
suggested that the effects of noise and night work on measures of mood and performance were
largely independent. However, the combination of working in a noisy environment at night was
associated with increased lapses of attention and slower yet more accurate responding on the
categoric search task.
7.3

Interpolated (Before and After Work) Mood and Performance Task Data

The analysis of the Bristol Stress and Health at Work cohort data indicated that high exposure to
combinations of negative occupational factors led to decreased mood, performance and physical
health. The purpose of this study was to examine this association in more detail. Measurement
of potential stressors was designed to allow for assessment of combined negative factors on both
the test day (i.e. acute effects) and more generally in the course of work (i.e. chronic effects).
Objective measures of performance and physiology were taken four times in all; both before and
after work on the first day (i.e. measurements 1 and 2) and last day (i.e. measurements 3 and 4)
of the working week. In this sense, the tasks were interpolated (i.e. inserted) into the
individual’s working week with relatively minimum disruption to their day.
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General exposure to combined negative occupational factors was associated with an increased
susceptibility to fatigue over the course of the test session, working day and working week. In
addition, the previously established links between exposure to negative occupational factors and
subjective well-being also appeared to generalise to these more objective measurements of
performance: a deficit was clearly associated with the combination of negative occupational
factors.
7.4

Summary

These studies highlight the potential for applying the combined effects approach to objective
measures of mood, performance and physical health. Preliminary analyses conducted on the
Bristol cohort data indicated a linear relationship between the exposure to increasing
combinations of negative occupational factors and decreased mood; there were also significant
interaction effects between noise and night work such as the speed of response to targets on
specific performance tasks (i.e. focused attention). The investigation into occupational noise
exposure and night-work in a seafaring population provided evidence to suggest the effects of
these stressors were largely independent when measured objectively, although those in the
combined condition were more susceptible to fatigue (i.e. demonstrated more lapses of attention
and slower yet more accurate responses to targets).
It was also evident from the ‘before and after’ work study that those individuals who were
generally exposed to combinations of negative occupational factors had lower mood and
reaction time scores; these individuals also showed increased systolic blood pressure. However,
although reported mood and reaction time have been shown to decrease over the course of the
working day, working week and the testing session (indicative of increased susceptibility to
fatigue) this was not found to be the case for all aspects of performance or physiology.
Examination of the acute effects of exposure to combinations of negative occupational factors
revealed few significant associations. This may have been due to either: (a) there being few
changes in the reported exposure to combinations of negative occupational factors over the test
sessions or (b) methodological issues that made it difficult to get an accurate impression of the
day-by-day work environment of individuals involved in the study.
Despite some methodological issues and the relatively small sample sizes of the studies
summarised here, the potential for obtaining a more objective assessment of the impact of
combinations of negative occupational factors on mood, performance and physiological health
has been established. Further examination of these issues within a larger population of working
individuals and availability of uniform measurement techniques to assess the exposure to
negative occupational factors would enable an improved understanding of this area.
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8.

OVERALL SUMMARY

Taken together, these findings offer a significant contribution to the study of combined effects
of workplace stressors. Although not an exhaustive list of all possible hazards that occur in the
working environment, the NOF score appears to be a valuable tool in the prediction of poor
health, well-being and accident and injury outcomes. In summary therefore:
·
·
·
·
·
·
·
·

Workplace stressors often combine cumulatively to produce negative outcomes
The level of exposure that predicts negative effects may be dependent on outcomes
Particular combinations of stressors often produce selective effects on outcomes
This approach is able to predict longer-term changes in health status
Effects observed from subjective data generalise to more objective measurement
The approach can be used to assess industry-specific issues (e.g. Seafarers’ fatigue)
The approach can clarify the impact of drug use on safety at work
The approach has implications for policy issues such as the development of stress
management standards
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1.

1.1

COMBINED EFFECTS OF OCCUPATIONAL
HEALTH HAZARDS

INTRODUCTION

In many jobs workers are exposed to a combination of potential hazards. Both research and
legislation usually considers factors in isolation and we currently have little knowledge of the
impact of combinations of factors on health and performance efficiency. Our current research is
addressing the issue of combined effects of occupational health hazards and aims to increase our
knowledge of the topic by reviewing the literature, conducting appropriate secondary analyses
of existing databases, collecting new data on accidents at work, and carrying out studies of the
effects of combinations of potential stressors on physiological functioning, performance
efficiency and subjective reports of mood.

1.2

BACKGROUND

There has been previous research on a large number of workplace hazards. These include those
arising from the psychosocial environment as well as those due to working hours and physical
agents. For the most part the nature and effects of these are considered in isolation. This is not
often representative of the real-life situation where employees are likely to be exposed to
multiple hazards (e.g. noise, shift work, organic solvents). There is limited information on the
combined effects of these hazards on health and performance efficiency. Indeed, there have not
even been any systematic reviews of the existing literature, no attempt to produce a coherent
framework for studying these factors, and a dearth of studies using multi-methods to investigate
the topic.
The first aim of the present project was to review the information currently available on
combined effects. Following this a variety of methods were used to increase information about
combined effects. Achievement of these two objectives is an essential first requirement for
advancement of the area. Once this has been done it will be possible to determine whether the
guidelines suggested on the basis of studying hazards in isolation apply to combinations of
hazards. The information will also allow development of a better conceptual framework for
studying the combinations of factors. This will lead to more precise modelling of effects and
identification of mechanisms underlying them. Once this has been achieved it will be possible to
use both preventative and therapeutic means to reduce the extent of the problems. This will be
translated into benefits in terms of reduced risk to health, improvement in quality of working
life and increased productivity and safety.

1.3

EXAMPLES OF PREVIOUS WORK IN THE AREA

1.3.1

Epidemiology

Epidemiological studies have for a long time shown that combinations of hazards are present.
However, the usual approach has been to focus on a single factor and to treat others as potential
confounders. For example, it has long been acknowledged that jobs with high noise levels also
have other features that may lead to accidents (e.g. potentially dangerous machinery). However,
instead of looking at the combinations of these factors studies of accidents have tried to identify
the variance associated with individual hazards.
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Other epidemiological approaches to health have focused on factors that are clearly a
combination of many specific things (e.g. social gradients in health). The fact that such effects
are usually extremely robust suggests that a similar approach may be useful for addressing
influences on occupational health and safety.
1.3.2

Laboratory Studies of Acute Effects

Interactions between stressors have been studied in the laboratory for a long time. Indeed, the
first systematic review appears in Broadbent’s (1971) book “Decision and Stress”. This shows
that certain factors have largely independent effects whereas others interact. Broadbent
interpreted this in terms of a two-level arousal theory, with some variables influencing the lower
level and others altering the function of the upper control mechanism. The studies also showed
that it was difficult to predict the combined effect of two factors from their individual effects.
For example, noise and sleep loss both increase momentary lapses of attention but in
combination they cancel one another out (sleep loss reducing arousal, noise increasing it).
More recent approaches suggest that even a two-level arousal theory is too simplistic. Robbins
(1997) argued that unitary concepts of arousal have outlived their usefulness and he
alternatively proposed a novel psychopharmacological approach for the understanding of the
role of neurotransmitters in arousal and attention. He described the neurobiological
characteristics of the monoaminergic and cholinergic systems in terms of their anatomical,
electrophysiological and neurochemical properties. Robbins et al., (1998) reviewed their studies
on the effects of neurochemical agents on the five-choice serial reaction time task (an analogue
of human focused visuo-spatial attention task). Their evidence showed that the coeruleo-cortical
noradrenergic system was implicated in divided and selective attention, the basal forebrain
cholinergic system in stimulus detection, the mesostriatal and mesolimbic dopaminergic
systems in response speed and vigour, and the mesencephalic serotonergic or 5-HT systems in
response inhibition.
1.3.3

Working Hours and the Physical Environment

The early laboratory studies were very artificial but led to the realisation that combinations of
factors needed to be considered in more realistic designs. For example, Monk and Folkard
(1985) argue that “such influences (environmental factors), like those of other stressors such as
noise and fumes, must be regarded as an integral part of the shiftworker - performance question”
(p.251). Some areas have been studied in detail because the combination is the defining
characteristic of a particular workplace problem (e.g. noise and vibration - see Griffin, 1992).
However, even within a particular domain there is still a tendency to consider factors in
isolation.
One of the most widely studied combinations has been noise and nightwork. These are both
large scale issues and it has been estimated that in the EEC 20-30 million people are exposed to
levels of noise equivalent to continuous noise exceeding 80dBA, and that about 20% of the
workforce are involved in some kind of shiftwork (Smith, 1990). Results from studies of
industrial accidents and absenteeism suggest that noise and nightwork have independent effects
(Cohen, 1973). Similar independent effects have been obtained in laboratory studies of acute
effects of the two factors (Smith & Miles, 1985; 1986; 1987a, 1987b).
1.3.4

Psychosocial Factors

In addition to physical agents and working hours a number of other features of jobs have been
shown to be important (see Cox, 1990). These are summarised in Table 1. Certain approaches
do suggest that it is important to consider combinations of factors rather than focus on
individual work characteristics. For example, the Karasek job demand-control-support model
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(Karasek, 1979; Johnson & Hall, 1988) states that high demands and low control/support lead to
poor health. Similarly, the Siegrist effort-reward imbalance model (Siegrist 1996, 1998) requires
consideration of the combination of a number of factors (high costs and low gains). However,
all current approaches are restricted to a limited number of factors and there is a need to extend
the research to consider the individual and combined effects of factors listed in Table 1.
Table 1
Features of the work environment to be covered in studies of occupational stress

·
·
·
·
·
Role in organisation: e.g.
·
·
·
Career development: e.g.
·
·
·
·
·
·
Decision latitude/control: e.g.
·
·
·
Interpersonal relationships at work: ·
e.g.
·
·
·
Home/work interface: e.g.
·
·
·
Content of job/task design: e.g.
·
·
·
·
·
·
Workload: e.g.
·
·
·
Work schedule: e.g.
·
·
·
·
Physical environment: e.g.
·
·
Organisational culture: e.g.

Poor task environment
Lack of definition of objectives
Poor problem solving environment
Poor communication
Non-supportive culture
Role ambiguity
Role conflict
High responsibility for people
Career uncertainty
Career stagnation
Poor status
Poor pay
Job insecurity and redundancy
Low social value of work
Low participation in decision making
Lack of control over work
Little decision making in work
Social or physical isolation
Poor relationships with superiors
Interpersonal conflict
Lack of social support
Conflicting demands of work and home
Low social or practical support at home
Dual career problems
Ill defined work
High uncertainty
Lack of variety
Meaningless work
Under-utilisation of skill
Continual exposure to client groups
Lack of control over pacing
Work overload or underload
High levels of pacing or time pressure
Shift work
Inflexible work schedule
Unpredictable working hours
Long or unsociable hours
High level of noise
Poor heating/ventilation
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1.3.5

Psychosocial Resources

Combined effects can also be considered in terms of individual differences. Individual
differences may take the form of stable characteristics or more temporary changes in state. The
transactional approach to stress (Lazarus & Folkman, 1984) argues that the influence of any
stressor will be moderated or mediated by a person’s psychosocial resources. Such an approach
clearly has great potential for the investigation of workplace hazards.
1.3.6

Health Status

Recent research has also shown that when a person has minor illness, such as a cold, they are
more susceptible to factors like exposure to noise (Smith, Thomas & Brockman, 1993) or
prolonged work. This suggests that what is considered safe for the healthy worker may be
inappropriate for a person with even a minor illness.

1.4

OBJECTIVES

Overall, it is clearly important to have further information on combinations of hazards. The
present project has the following specific objectives.
1) To review the current literature on the combined effects of occupational hazards on
health and performance efficiency. In order to study chronic disease (e.g.
cardiovascular disease or cancer) it is important to either conduct longitudinal
studies or investigate at-risk groups. Neither approach was feasible in the present study
and information on this topic was, therefore, based on the existing literature. Similarly,
combined effects of acute stressors have been widely studied in the laboratory and
reviewed in detail by Broadbent (1971).
2) To examine, using subjective reports, the impact of combinations of workplace factors
on health and safety. This has involved analysis of a database from a random sample of
over 8,000 of the working population who were given a questionnaire describing
features of their job (e.g. exposure to physical agents; working hours; demands; social
support at work etc) and also provided information on their current physical and mental
health status. Information on demographic characteristics, health-related behaviours and
life outside of the workplace was also collected. The initial aim was to determine
whether a measure of exposure to negative occupational factors was associated with
health and safety outcomes and whether any effects were general or occupation specific.
Following this, analyses aimed to determine whether associations between job
characteristics and health were direct or mediated by stress at work. The next approach
involved dissecting the overall exposure score into sub-components (demand-controlsupport; effort-reward; the physical environment and working hours). This method
allows one to identify outcomes that are influenced by all aspects of work and those that
are only associated with specific job characteristics. This also allows one to benchmark
the magnitude of effects so that one can identify the job characteristics that lead to the
greatest risk to aspects of health and safety. Finally, data from a small scale longitudinal
study was examined to try to provide a better indication of causality than that provided
by the cross-sectional studies.
3) To investigate the impact of combinations of workplace factors on work-related
accidents. One of the problems of studying accidents at work in community samples is
that the accident rate is typically low. In order to focus on work-related accidents a
survey of attendees at Accident and Emergency units was carried out.
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4) To investigate, using the ‘after-effect’ technique, the impact on combinations of
workplace factors on performance efficiency and on salivary cortisol and other
physiological indicators of stress. This method involves each volunteer carrying out a
series of performance tasks (and providing saliva samples for cortisol assays; and
having blood pressure recorded) before starting work and after finishing work. The
difference between these two measures has been shown to be related to the workload
(Broadbent, 1979). Each person carries out the procedure for several days and records
characteristics of each working day (in terms of exposure to physical agents; working
hours; demands, etc). Comparisons can then be made both between and within
individuals to provide information about the impact of combinations of factors on
performance efficiency.
5) Following the secondary analyses of existing data and the collection of new data, the
approach was applied to other specific topics. In addition, the implications of the results
from this project for policy issues (e.g. stress management standards) are discussed.
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2.

LITERATURE REVIEW

The literature review that follows examines both the independent and combined effects of two
models of psychosocial stressors and also a range of physical workplace stressors on the
following outcomes:
·
·
·
·
·

Physical health
Mental health
Health-related behaviours
Performance
Occupational accidents and injuries

The two models of psychosocial workplace stressors are the influential Job Demand-ControlSupport (Karasek, 1979; Johnson & Hall, 1988) and Effort-Reward Imbalance models (Siegrist,
1996; 1998). The physical workplace stressors refer to any exposure to noise, fumes or
hazardous substances at work; the temporal organisation of work covers night- and shift-work,
and long working hours. The independent effects will be summarised initially only briefly,
along with an overview of research in the area; there are considerable literatures that have been
adequately reviewed elsewhere, and these reviews will be referenced. However, an explicit
examination of the literature on the combined effects of workplace stressors has not been
forthcoming and this will be discussed in more detail.
Literature searches were undertaken using the following electronic databases:
·
·
·
·
·
·
·
·
·

Embase
Ingenta
Ingenta Select (Catchword)
Infotrac Expanded Academic Index
PSYCinfo
ASSIA
PSYCHARTICLES (Ovid)
Medline (PubMed)
Web of Science

These often showed considerable overlap although certain databases were more successful for
some search terms than others.
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2.1

THE JOB DEMAND-CONTROL (-SUPPORT) MODEL

2.1.1

Overview

A considerable number of papers were uncovered when the search terms ‘job strain’1, ‘demandcontrol’ or ‘demand-control-support’ were investigated using electronic databases; a manual
search was also made of the reference lists of selected articles. Table 2 shows the number of
identified articles using these three search terms; moving from left to right the terms become
more specific, and with the subsequent focus the number of identified articles becomes
considerably reduced.
Table 2
Databases searched, search terms and results

Job strain

Database
Embase
Ingenta
Ingenta Select (Catchword)
Infotrac Expanded Academic Index
PSYCinfo
ASSIA
PSYCHARTICLES (Ovid)
Medline (PubMed)
Web of Science

877
176
113
56
244
57
431
848
451

Demandcontrol
114
82
23
7
37
5
27
175
24

Demand-controlsupport
30
33
12
1
14
0
3
119
8

Before summarising the association between this model and occupational health it is important
to describe the basic tenets of the model, as shown in Figure 1 below. The Job Demand-Control
model (Karasek, 1979) is perhaps the most influential model of the relationship between the
psychosocial work environment and health. This model proposes that psychological strain is a
product of the combination of the work situation an individual is exposed to and the amount of
freedom available to make decisions at work. This strain, if present, can then propagate poor
health.
JOB DEMANDS
Unreached Strain
LOW

Passive Jobs

High Strain

HIGH

Low Strain

Active Jobs

JOB
CONTROL

Activity Level
Figure 1
The job demand-control model

In the model, ‘Job Demands’ refers to aspects of the work environment (e.g. how fast does the
individual have to work?) that influence how demanding that work is perceived to be. ‘Job
1

The Job Demand-Control (-Support) model is sometimes known by this term.
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Control’ refers to the individual’s authority to make decisions and the discretionary use of their
skills (i.e. how much control does one have over how they do their work each day?). ‘Job
Strain’ refers to the state that occurs when both demands are high and when control is low. This
is hypothesised as the most negative and potentially damaging scenario. When job demands and
job control are both high the model hypothesises that the job is ‘active’ and this can have
beneficial, protective effects on the individual’s health. When demands are low and control is
high a job is described as ‘passive’, the job activity levels decrease as do general problem
solving activities. Thus, demand and control are hypothesised as interacting. Researchers in the
1980s added a third dimension to the model, ‘Work Social Support’, which led to an adaptation
of Karasek’s model called the Job Demand-Control-Support model (Johnson & Hall, 1988).
This adapted model introduced the concept of ‘Iso-Strain’, where demands are high, control is
low and social support is also low2. It is this Job-Demand-Control-Support model that will be
utilised in this investigation.
The body of research that exists on the relationship between the Job (Iso-)Strain model and
health outcomes has generally suggested support for two related yet different hypotheses:
·
·

The Strain hypothesis
The Buffer hypothesis

The Strain hypothesis suggests that employees working in high strain jobs experience the lowest
well-being; this is demonstrated where demand, control and support have strong independent
effects. This is relatively undisputed; job demands, job control and social support all have strong
independent effects on a range of health related outcomes. The Buffer hypothesis states that job
control (and social support) can moderate the negative effects of high demand. This is
demonstrated when there is an interaction between the job strain dimensions, where high
demand is moderated by control and/or social support. For example, high control was found to
moderate the effects of high demands leading to decreased blood pressure (Chapman, Mandryk,
Frommer, Edye & Ferguson, 1990). Evidence for this hypothesis is by no means nonexistent but
is more equivocal.
The previous 20 years have produced a lot of literature on these models and these different
hypotheses. There is considerable evidence that the concepts of job demand, job control and
work social support are very important to any understanding of work stress. An important
question that needs to be briefly addressed is to what degree the Strain and Buffer hypotheses
are supported? Van Der Doef and Maes (1999) addressed these questions with regards to
general psychological well-being (as the outcome measure). Looking at 20 years of empirical
research, 63 samples were highlighted and analysed. This review suggested that, regarding
psychological well-being at least, the Strain hypothesis was better supported. This has been
supported by recent research (e.g. Stansfeld, Head & Marmot, 1999). Below follows an
overview of the literature on both the Strain and Buffer hypotheses for different key outcomes;
where the term ‘job strain’ is used it suggests support for the Buffer hypothesis and specific
reference to the dimensions by name suggests support for the Strain hypothesis. This is not
meant to be an exhaustive review of the literature but an attempt to capture the essence of the
current ‘state of play’ in a limited amount of space.
2.1.2

Physical Health

Low job control has been reported to have a significant association with ill-health (Foppa &
Noack, 1997) and when combined with high job demands, ill-health could become more severe
(Braun & Hollander, 1987). Research findings for some specific and important physical health
outcomes are described below.
2

The ‘iso’ refers to isolation (i.e. low social support).
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Cardiovascular Health

Cardiovascular health has been extensively researched. Jobs characterised by high job strain
have been found to be associated with cardiovascular risk factors (e.g. Pieper, LaCroix &
Karasek, 1989) and more specifically with the following outcomes: increased risk of myocardial
infarction (e.g. Karasek, Theorell, Schwartz, Schnall, Pieper & Michela, 1988); increased blood
pressure (e.g. Schnall, Pieper, Schwartz, Karasek, Schlussel, Devereux, Ganau, Alderman,
Warren & Pickering, 1990; Theorell, Karasek & Eneroth, 1990; Landbergis, Schnall, Warren,
Pickering & Schwartz, 1994); and increased risk of cardiovascular disease (e.g. Karasek, Baker,
Marxer, Ahlbom & Theorell, 1981; Theorell & Karasek, 1998).
Kawakami and Haratani (1999) conducted a review of the research findings over the previous
fifteen years with reference to the assessment and relation of job stress to physical health,
mental health and the effects of stress reduction activities in the working environment in Japan.
The literature provided evidence that job strain was associated with increased levels of blood
pressure and serum lipids in the Japanese working population. These stressors were also
reported to affect: fibrinolytic activity, blood glucose levels, immune functions and medical
consultation rates.
Yoshimasu (2001) found that the combination of low control and high demand was associated
with non-fatal acute myocardial infarction in a case-control study comparing 290 cases and 489
controls. The independent effects of both job demand and control on diastolic blood pressure
were supported in a study of 526 white-collar workers in Taiwan (Su, Yang, Lin, Tsai, Shieh &
Chiu, 2001). Pelfrene, De Backer, Mak, de Smet and Kornitzer (2002) studied 16,329 male and
5,090 female Belgian workers; job demands were found to be positively associated with blood
pressure and total cholesterol in men and with hypertension in women, even after adjustments
for age and level of education had been made. In a study of 3,333 male and 3,596 female rural
Chinese workers, high job demands were associated with higher total cholesterol levels
(Tsutsumi, Kayaba, Ishikawa, Gotoh, Nago, Yamada, Mizooka, Sakai & Hayasaka, 2003); there
was no association between job control or job strain and blood lipid levels.
Kivimäki, Leino-Arjas, Luukkonen, Riihimäki, Vahtera and Kirjonen (2002) found a significant
relationship between high job strain and cardiovascular mortality risk in a prospective cohort
study of 812 industrial employees in Finland. Sacker, Bartley, Frith, Fitzpatrick and Marmot
(2001) found no association between job strain and doctor diagnosed heart disease in the data
from 4350 British working men; but there were independent associations between job strain and
coronary heart disease measures that, taken together, suggested job strain may ‘have etiological
significance for heart disease’.
Aside from the demand, control and support characteristics of a job, it has been suggested that
wider categories of work, such as occupational class, may influence coronary heart disease risk.
Wamala, Mittleman, Horsten, Schenck-Gustafsson and Orth-Gomer (2000) observed an
‘inversely graded association’ between occupational class and coronary heart disease risk in a
population-based case-control study of 292 case and 292 control female workers in Sweden.
This could not be explained in the context of differences in levels of job demand or control
between occupational classes.
There has also been some suggestion of differential job strain effects dependent on the type of
work being undertaken (Steptoe, Cropley & Joekes, 1999); job strain was shown to be
associated with a heightened blood pressure response to uncontrollable but not controllable
tasks. Blood pressure for workers with low job strain decreased more quickly after work.
Despite considerable support for both job strain and the dimensions of demand, control and
support having an important role in coronary vascular risk, there is also some literature that did
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not report positive results (e.g. Reed, LaCroix, Karasek, Miller & MacLean, 1989; Netterstrom,
Kristensen, Damsgaard, Olsen & Sjol, 1993; Hlatky, Lam, Lee, Clapp-Channing, Williams,
Pryor, Califf & Mark, 1995; Emdad, Belkic, Theorell, Cizinsky, Savic & Olsson, 1997; Hanke
& Dudek, 1997; Bosma, Peter, Siegrist & Marmot, 1998).
Musculoskeletal Health

There were a smaller number of research papers that look at the demand-control-support
characteristics of work and musculoskeletal health. Job strain was found to characterise the
psychosocial work environment of certain professions (e.g. musicians, video terminal display
operators, forestry workers) where musculoskeletal problems were common; job-strain was also
found to have influenced musculoskeletal discomfort (Faucett & Rempel, 1994; FjellmanWiklund & Sundelin, 1998; Hagen, Magnus & Vetlesen, 1998).
High demands were related to neck and shoulder symptoms; low social support to back pain and
low control to neck symptoms (Skov, Borg and Orhede, 1996). The authors concluded that both
psychosocial and physical factors were associated with musculoskeletal symptoms in their
sample of 1306 sales people. High demands, overcommitment and self-reported psychosocial
work stress were found to be associated with musculoskeletal pain (Joksimovic, Starke,
Knesebeck & Siegrist, 2002) in 316 public transport employees. Nahit, Pritchard, Cherry,
Silman and Macfarlane (2001) found strong relationships between high demands, low control,
high psychological distress and musculoskeletal pain in the lower back, shoulders, wrist/forearm
and knees.
Sickness Absence

An alternative method used to assess the effects of job demand-control-support on health, is to
infer poor physical health from the levels of sickness absence at work. Low job control has been
reported in the literature to be a risk factor associated with sickness absence (Bodeker, 2000).
However a longitudinal investigation into the effects of ‘stable and changing demand-control
histories’ on worker health found no relationship between the exposure to demands and/or
control and the duration or frequency of recorded sickness absence, though they were associated
with both job satisfaction and depression (de Lange, Taris, Kompier, Houtman & Bongers,
2002).
However, other authors did demonstrate an association. Vahtera, Kivimäki, Pentti and Theorell
(2000) found that lowered job control caused an increase in sickness absence, as did decreased
social support and increased job demands in a longitudinal study of 530 municipal workers in
Finland. In a 3-year follow-up study of 856 municipal workers the job strain hypothesis was
supported (Vahtera, Pentti & Uutela, 1996): passive jobs predicted high levels of sickness
absence and active jobs predicted low levels of sickness absence. Sickness absence of more than
three days over the past 12 months was associated with higher job strain in a study of 233 nurses
and 134 accountants (Evans & Steptoe, 2002).
2.1.3

Mental Health

Demanding jobs have been associated with an increased risk of psychiatric disorder (Stansfeld,
Fuhrer, Shipley & Marmot, 1999), depression (Stansfeld, Head & Marmot, 1998; Tsutsumi,
Kayaba, Theorell & Siegrist, 2001), anxiety (Perrewe, 1986), ‘psychological distress’
(Bourbonnais, Brisson, Moisan & Vezina, 1996; Marshall, Barnett & Sayer, 1997; Mino,
Shigemi, Tsuda, Yasuda & Bebbington, 1999; Yeung & So-kum Tang, 2001) and poor mental
health status (Yang, Ho, Su & Yang, 1997). Low job satisfaction, depression and psychosomatic
symptoms have been found to be significantly higher in jobs with high demands and low control
(Landbergis, 1988). Neurotic disorders were associated with high job strain in secondary school
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teachers (Cropley, Steptoe & Joekes, 1999). Anxiety has been found to be associated with high
job strain (Cropley et al., 1999; Evans & Steptoe, 2002)
2.1.4

Health-Related Behaviours

There is a substantial literature on the associations between job demands-control-support and
health related behaviours, although the types of behaviours tend to be limited to alcohol
consumption and smoking habits (e.g. Kaneko, Harada, Furuya, Yoshida & Watanabe, 1996).
Much of the research on cardiovascular risk factors controlled for the influence of potential
confounders such as smoking and alcohol use.
Alcohol Abuse

Low job control has been found to be associated with alcohol dependence in women (Stansfeld
et al., 1999) and there is also evidence in the Japanese literature that low control and high
demands are associated with drinking problems in Japanese workers (Kawakami & Haratini,
1999). Low control, low demands and low support have been related to later alcoholism in bluecollar men (Hemmingsson & Lundberg, 1998); there was also evidence that psychiatric
alcoholism diagnoses are more common in ‘passive’ jobs, where control is high and demands
are low. Bromet, Dew, Parkinson and Schulberg (1988) have also found the specific
combination of high job demands and low job control to be important in predicting the
occurrence of alcohol problems. High strain occupations were associated with alcohol abusedependence (e.g. Crum, Muntaner, Eaton & Anthony, 1995).
Smoking

Hellerstedt and Jeffery (1997) found high job demands were positively associated with
smoking, smoking intensity and high fat intake in men. High demands were also reported to be
positively associated with Body Mass Index (BMI) and smoking intensity in women. It was also
found that high strain male smokers smoked more than other smokers and high strain women
had a higher BMI than other women. However not all evidence supported an association
between job strain and smoking behaviour (e.g. Otten, Bosma & Swinkels, 1999). The
combination of high job demands and low job control was not related to smoking behaviour in
both sexes, but job control was found to be associated with smoking in men only.
Drug Abuse

High job strain has been linked to increased non-medical drug use in a study of 2375 full-time
nurses in the USA (Storr, Trinkoff & Anthony, 1999).
2.1.5

Performance

Research evidence on the relationship between demand-control-support and performance at
work is extremely limited. Focus has been more on associations between demand-controlsupport and health/well-being. However, there is some evidence to suggest that different levels
of job demands in combination with job control can have an effect on performance (Sargent &
Terry, 1998). Two recent studies (Searle, Bright & Bochner, 1999; 2001) have examined the
impact of demands, control and support on a mail sorting task. These studies suggested
performance was poorer in conditions of high demand and low control although this was not
influenced by social support.

22

2.1.6

Accidents and Injuries

There were few identified studies, although some positive results. A Japanese study of 139 bluecollar workers found that high job strain, but more specifically high job demand, as well as poor
support from co-workers was associated with work injury in female workers only (Murata,
Kawakami & Amari, 2000). For male workers there were no significant differences in this
study; the authors concluded that a larger sample containing more accident sufferers may be
needed to examine the factors associated with injury in male workers. High job strain was also
found to be the most important risk factor for occupational accidents in a study of 874 nursing
personnel in Germany (Nolting, Berger, Schiffhorst, Genz & Kordt, 2002)
2.1.7

Summary

The dimensions of demand, control and social support exhibit large independent effects on the
array of outcome measures. It is also likely that for the majority of outcome measures, the
combination of high demand and low control (and low social support) will be most deleterious
to health. The Strain hypothesis and the Buffer hypothesis both have their champions but it is
not necessarily easy to make a concise statement favouring one hypothesis over the other.
The amount of research in the job strain literature is testament to the importance and potential of
the model. However, it should be made clear that the model is not without its detractors, and
considerable criticisms have been made of which the main one concerns the conceptualisation
of the job control component (e.g. Schwartz, Pickering & Landbergis, 1996; Van der Doef &
Maes, 1999; DeCroon, 2000).
There are alternative models of the relationship between the psychosocial work environment
and health, and the following section reviews the research on the Effort-Reward Imbalance
model.

2.2

THE EFFORT-REWARD IMBALANCE MODEL

2.2.1

Overview

The Effort-Reward Imbalance (ERI) model was proposed as an alternative to the Job DemandControl-Support model (Karasek, 1979) and the Person-Environment-Fit model (French, Caplan
& Harrison, 1982) to assess the negative impact of work demands on health. The theoretical
concept behind the model states that the degree of reciprocity between the individual and their
work environment is the crucial factor in determining potential negative health outcomes: an
imbalance between the amount of perceived effort and rewards received is hypothesised to
result in reduced well-being.
The ERI model distinguishes between two types of effort: intrinsic and extrinsic. Intrinsic effort
is defined as the level of motivation experienced by an individual in a demanding situation and
their need for control, whereas extrinsic effort refers to the actual demands of the job. Three
types of reward are defined by the model: financial gains, 'esteem' (as measured by recognition
of achievements and support from colleagues and superiors) and 'status control' (i.e. threats to
self-regulatory functions such as job insecurity or lack of promotion prospects). With regards
the definition of control, the ERI model differs from the Job Demand-Control-Support model
(Karasek, 1979; Johnson & Hall, 1998) in that the former incorporates the issue of job
insecurity which, given current labour market forces, may in some instances be of more
significance than level of control over the task. The basic outline of the model is shown in
Figure 2.
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High Effort

Extrinsic
(demands,
obligations)

Low Reward

Intrinsic
(critical coping:
e.g. need for control)

Money
Esteem
Status control

Figure 2
3
The effort-reward imbalance model at work

Siegrist (1996) states that "…lack of reciprocity between costs and gains (i.e., high-cost/low
gain conditions), define a state of emotional distress with special propensity to autonomic
arousal and associated strain reactions." (p.30). For example, an individual subjected to high
levels of job demand, low job security and poor promotion prospects whilst achieving at a
consistently high level will likely experience emotional distress and potentially poor health as a
result of such an imbalance.
The Table below summarises the results from searches conducted on appropriate databases
using the following search terms: 'effort/reward' and 'effort-reward imbalance'. A manual search
was also made of the reference lists of selected articles.
Table 3
4
Databases searched, search terms and results

Effort-reward

Database
Embase
Ingenta
Ingenta Select (Catchword)
Infotrac Expanded Academic Index
PSYCinfo
ASSIA
PSYCHARTICLES (Ovid)
Medline (PubMed)
Web of Science

2.2.2

108
99
16
7
98
15
568
215
172

Effort-reward
imbalance
39
20
13
2
35
6
55
43
42

Physical Health

A significant body of research examining the effects of ERI on physical health outcomes was
uncovered. These findings are summarised in the following section.
Cardiovascular Health

A number of studies have examined the relationship between ERI and cardiovascular disease
and associated risk factors. Siegrist (1996) conducted two studies looking at associations
between ERI and cardiovascular risk factors such as hypertension, fibrinogen levels,
atherogenic lipids and smoking. The first study was a prospective 6.5 year cohort of 416 male
blue-collar workers who had no symptoms of coronary heart disease at baseline measurement
3
4

Taken from Siegrist (1996), p. 30.
All searches limited to 1996-present.
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(follow up data was collected at three separate time periods). The second study was a crosssectional survey of the relationship between effort-reward imbalance and coronary heart disease
(CHD) risk factors in a sample of middle managers (n = 179). Results from the prospective
study indicate that low status control (a sub-component of low reward) and high effort (either
intrinsic or extrinsic) independently predicted acute myocardial infarction and/or sudden cardiac
death. In addition, cross-sectional data indicates an association between high effort and low
reward, and cardiovascular risk factors (e.g. hypertension). Peter and Siegrist (1997) conducted
a similar study of 189 middle-aged, male middle managers and found those experiencing high
effort and low reward (termed active coping) were more likely to be hypertensive.
Kivimäki, Leino-Arjas, Luukonen, Riihimäki, Vahtera and Kirjonen (2002) conducted a
prospective cohort study (baseline measurements were taken in 1973) looking at possible
associations between effort-reward imbalance and cardiovascular disease. The participants were
812 factory employees (545 men and 267 women) who showed no symptoms of CHD at
baseline. The main outcome measure was cardiovascular mortality: mean length of follow up
was 25.6 years. Results indicate that high effort and low rewards (specifically low salary, lack
of approval and few career prospects) significantly predicted rates of cardiovascular mortality
(OR = 2.4), controlling for age, gender, occupational group and biological and behavioural risks
as measured at baseline. Furthermore, effort-reward imbalance was found to be associated with
increased body mass index (BMI) at the 10-year follow up.
Kuper, Singh-Manoux, Siegrist and Marmot (2002) measured effort-reward imbalance amongst
6895 male and 3413 female civil servants aged 35-55 during the first phase of the Whitehall II
study (1985-1988). Mean length of follow up was 11 years. Baseline measures of ERI were
found to predict an increased incidence of CHD (OR = 1.36, 95% CI = 1.12 - 1.65) and both
fatal and non-fatal incidences of myocardial infarction (MI: OR = 1.47, 95% CI = 1.24 - 1.74).
Furthermore, the results indicate that a single-item measure of intrinsic effort (‘has your work
often stayed with you so that you are thinking about it after work hours?') may be sufficient to
predict increased risk of CHD. Bosma, Peter, Siegrist and Marmot (1998; cited in Peter &
Siegrist, 1999) also examined the link between ERI and angina and doctor-diagnosed ischemia
within the Whitehall II sample (n=10308) with a mean follow up of 5.3 years. After controlling
for occupational factors (e.g. grade), individual differences (i.e. negative affectivity) and CHD
risk factors (e.g. BP, cholesterol), ERI was found to be significantly associated with increased
risk of both angina and ischemia (OR = 2.1, 95% CI = 1.1 - 2.4).
Two studies specifically examining the association between effort-reward imbalance and
cholesterol were identified. Peter and Siegrist (1997; cited in Peter & Siegrist, 1999) found high
effort and low reward to be associated with increased LDL cholesterol in a cross-sectional study
of 179 middle managers (OR = 3.6, 95% CI = 1.2 - 10.2). Age, BMI and health-related
behaviours were controlled for. Peter, Alfredsson, Knutsson, Siegrist and Westerholm (1998;
cited in Peter & Siegrist, 1999) also found a significant association between cholesterol levels in
men (n = 5720: OR = 1.3, 95% CI = 1.0 - 1.6) and ERI when controlling for age, BMI and
health-related behaviours.
In a study specifically examining ambulatory blood pressure (BP), heart rate and heart rate
variability, Vrijkotte, Lorenz, Van Doornen and De Geus (2000) found high effort and low
rewards to be associated with the following: an increased heart rate immediately before and
after work, higher systolic BP both in and out of work and lowered vagal tone on all three
measurement days (2 workdays and 1 non-workday) in a sample of 109 male white-collar
workers. In addition, both heart rate (OR = 1.95, 95% CI = 1.02 - 3.77) and vagal tone (OR =
2.67, 95% CI = 1.24 - 5.75) were associated with mild hypertension. Overcommitment (defined
as an exhaustive work-related coping style and an inability to wind down) was also found to be
associated with impaired fibrinolytic functioning (thought to predict cardiovascular disease) in a
sample of 124 middle-aged white-collar workers (Vrijkotte et al, 1999).
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Further evidence of the detrimental effects of high effort and low reward on heart-rate
variability is provided by Hanson, Godaert, Maas and Meijman (2001). In a study of 70 health
professionals and office workers (matched for age and gender) the authors found those with a
high need for control to have lower vagal control of the heart, thus increasing their susceptibility
to heart disease (time of day effects were controlled for). There is also some evidence to suggest
that effort-reward imbalance may mediate previously established links between undesirable
working patterns and cardiovascular disease. In a study of 2288 males aged between 30-55
(participating in the baseline screening of the Swedish Work Organisation, Lipids and
Fibrinogen Study) effort-reward imbalance was found to mediate the relationship between
shiftwork and hypertension (Peter et al. 1999).
Musculoskeletal Health

The literature search identified relatively few studies examining the potential association
between ERI and musculoskeletal problems. Joksimovic, Siegrist, Meyer-Hamer, Peter, Franke,
Klimek, Heintzen and Strauer (2002) examined effort-reward imbalance, overcommitment,
physical job demands and musculoskeletal pain in a sample of 316 employees aged 35-60. After
adjusting for age, gender, socioeconomic status, shiftwork and negative affectivity, elevated
odds ratios (indicating increased likelihood of reporting musculoskeletal problems) were
observed amongst individuals who were classified as overcommitted or who experienced high
physical job demands, and to a lesser degree amongst those reporting high effort and low
reward. In a study of 105 male dental technicians, Tsutsumi, Isihitaki, Peter, Siegrist and
Matoba (2001) found a significant association between high levels of intrinsic effort and
musculoskeletal problems such as pain or stiffness in the neck, shoulders, upper and lower arm,
wrists, fingers and upper and lower back.
Van Vegchel, De Jonge, Bakker and Schaufeli (2002) examined the potential link between ERI
and self-reported musculoskeletal problems experienced within the previous 6 months (n =
167), namely pains in the neck/shoulders, middle back, lower back and limbs (arms or legs).
Increased risk of reporting these symptoms was observed amongst the high effort/high salary
group (OR = 4.55, 95% CI = 1.12 - 18.55), those reporting high effort and low esteem (OR =
5.88, 95% CI = 1.03 - 33.36) and high effort and low job security (OR = 7.37, 95% CI = 1.28 42.58). Peter et al. (1997) also reported a link between ERI and musculoskeletal problems in a
large cross-sectional sample (n = 1337) of bus and subway drivers.
Sickness Absence

Peter and Siegrist (1997) examined the impact of ERI on sickness absence rates (n = 189) and
found that low effort and low reward (indicative of a passive coping style) were significantly
associated with high rates of sickness absence. Specifically, three measures of low rewards
demonstrated significant associations with short-term sickness absence, with the largest of the
odds ratios observed for 'forced job change' (OR = 9.15. 95% CI = 1.96 - 42.68). However, just
one measure of low reward predicted longer-term sickness absence (status incongruence: OR =
2.67, 95% CI = 1.24 - 5.78) and two measures of low reward were significantly associated with
number of absence episodes (status incongruence: OR = 4.05, 95% CI = 1.25 - 13.13 and forced
job change: OR = 6.33, 95% CI = 1.81-22.07). High effort was not found to predict any measure
of sickness absence.
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Physical Symptoms

A number of studies were identified which address the issue of effort-reward imbalance and its
association with general indicators of physical well-being. Van Vegchel et al. (2002) identified
a number of self-reported health complaints (e.g. 'have you been troubled by headaches in the
last 6 months') and found those in the following groups more likely to report such symptoms:
high effort/high salary, high effort and low esteem, and high effort and low job security (n =
167).
Peter et al. (1998) employed a number of factor-based symptoms scales (n = 1337) and found a
significant association between effort-reward imbalance and gastrointestinal problems, and
health in general (self-reported). Similarly, in a cohort study taken from the Whitehall II sample
(Kuper et al., 2002) high effort relative to low reward was found to predict a reduction in selfreported physical functioning (OR = 1.47, 95% CI = 1.24 - 1.74). This finding proved
independent of age, gender and occupational grade.
2.2.3

Mental Health

The link between effort-reward imbalance and mental distress is relatively well established. Van
Vegchel et al. (2002) studied mental exhaustion as a possible outcome of ERI (n = 167) and
found the risk of exhaustion to be more than 7 times higher for those reporting high effort and
low salary than for those reporting low effort and high salary (OR = 7.77, 95% CI = 2.15 28.10). Exhaustion was also significantly more likely under conditions of high effort and low
esteem than where effort was low and esteem high (OR = 15.63, 95% CI = 3.15 - 77.62). Where
effort was reported to be high and job security low, mental exhaustion was nearly 11 times as
likely to be reported as when effort was low and job security high (OR = 10.96, 95% CI = 2.02 59.42). Peter et al. (1998) studied ERI and fatigue and sleep disturbance as possible indicators
of poor mental health (n = 1337), and found a significant association between high effort/low
reward occupations and frequency of sleep disturbance and self-reported fatigue.
In their cohort study taken from the Whitehall II sample (n = 10308), Kuper et al. (2002) found
further evidence to support a link between ERI and poor mental functioning, as measured by the
SF-36 Health Survey. The odds ratio for mental functioning was 2.24 (95% CI = 1.89 - 2.65)
and this was not significantly reduced when coronary heart disease risk factors were controlled
for. Stansfeld, Fuhrer, Shipley and Marmot (1998) carried out a study of the influence of ERI on
General Health Questionnaire (GHQ) scores within the same cohort, and reported a significant
relationship at follow up, despite controlling for age, employment grade and baseline GHQ
scores.
Burnout is often considered to result from stress at work and is a symptom of severe
psychological distress. Bakker, Killmer, Siegrist and Schaufeli (2000) studied ERI and its'
possible association with burnout amongst a sample of nurses (n = 204). Analysis of variance
revealed a significant main effect of ERI on burnout: in other words, nurses who felt their level
of reward did not reflect their efforts at work reported a greater degree of emotional exhaustion
than those who did not. A significant effect of intrinsic effort on emotional exhaustion was also
reported.
2.2.4

Health-Related Behaviours

Although a number of studies did control for smoking, alcohol consumption and level of
exercise as possible confounders of the relationship between ERI and coronary heart disease,
few specifically set out to examine the association between ERI and health related behaviours.
Where such analyses have been undertaken, there is little evidence to suggest a link (e.g.
between ERI and smoking, alcohol consumption and physical activity: Vrijkotte et al., 1999;
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2000). However, one study (Peter, Siegrist, Stork, Mann & Labrot, 1991) did find an association
between smoking incidence and effort-reward imbalance in a sample of middle managers.
2.2.5

Work Performance, Accidents and Injuries

There were no studies identified that specifically examined the association between ERI and
work-related performance, accidents and injuries.
2.2.6

Summary

Although a great deal of research examining the influence of the Effort-Reward Imbalance
model (Siegrist, 1996) has been carried out, the majority has focused on coronary heart disease
as an outcome measure. These studies suggest that high effort and low rewards significantly
predict not only coronary heart disease, but also risk factors such as angina, hypertension,
increased heart rate variability, cholesterol and high BMI (e.g. Siegrist, 1996; Kivimäki et al.
2003). Although comparatively few studies have been carried out to assess the influence of ERI
on musculoskeletal problems, there is convincing evidence to suggest that high effort and low
rewards result in elevated risk of reporting pains in the back, neck, shoulders and limbs (e.g.
Joksimovic et al. 2002). With regards other symptoms of physical ill health, associations
between ERI and headaches and generally poor physical functioning have been established (e.g.
Kuper et al. 2002). Not surprisingly, given the detrimental health effects demonstrated, a link
between high efforts and low rewards and increased absenteeism has also been found (e.g. Peter
and Siegrist, 1997).
The association between ERI and mental health is not as firmly established. However, a number
of studies have linked the experience of high effort and low reward at work to mental
exhaustion, fatigue, disturbed sleep and generally poor psychological functioning (e.g. Kuper et
al. 2002). Information on possible associations between ERI and health-related behaviours,
work-related performance and accidents and injuries are negligible. Future studies might
therefore wish to examine the influence of effort-reward imbalance on these factors, in order to
determine whether the ability of the model to predict serious physical health problems can be
generalised to these other important outcome measures.

2.3

INDEPENDENT EFFECTS OF PHYSICAL WORKPLACE STRESSORS

So far, summaries of the literature on the Job-Demand-Control-Support and Effort-Reward
Imbalance models have been presented. This section represents an overview of the effects of
hazards such as noise, fumes exposure and hazardous substances generally outside of the control
of the worker; also considered are those health and performance effects of the temporal
organisation of working hours such as night-work, shift-work and long working hours.
Independent effects are summarised below. Once again, due to a large and potentially sprawling
literature into the health effects of occupational stressors this will only be covered briefly.
Below, summaries of the independent effects of occupational noise exposure and working hours
are given in some detail, followed by the combined effects of these stressors. Subsequently,
studies that have considered other combinations of physical and temporal workplace stressors
will be summarised.
2.3.1

Occupational Noise Exposure

The effects of noise are generally classified as either auditory or non-auditory: auditory effects
are all those effects on health and well-being caused by effects on the hearing organ and effects
that are due to the masking of auditory information (i.e. communication problems); and nonauditory effects are all other effects on health and well-being (e.g. performance effects,
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physiological responses and health outcomes). It is these non-auditory effects of noise that were
of greater interest here. The auditory and non-auditory effects of noise have both been reviewed
extensively elsewhere (i.e. Smith & Broadbent, 1992; Berglund & Lindvall, 1995; IEH, 1997;
HSE, 1998; Butler, Graveling, Pilkington & Boyle, 1999). The effects are wide ranging and
have generally been researched in both experimental and occupational environments.
The auditory effects of noise are well reported, with set guidelines for recommended levels of
noise exposure to avoid acute and chronic effects. Temporary or permanent deafness and
tinnitus are two likely effects of continued exposure to loud noise. The non-auditory health
effects of noise on the following outcomes are summarised below: physical health, mental
health, performance and accidents.
In terms of the relationship between noise and physical health, it is thought that acute noise
exposure may influence cardiovascular functions and levels of catecholamines, although
methodological weaknesses in research make it very difficult to draw any firm conclusions
(Butler et al., 1999). The individual effects of noise on physiological and biochemical variables
are due to stimulation of the reticular activating system that is thought to lead to an influence on
cardiovascular function, increased catecholamine and cortisol (Smith, 1991).
Regarding the mental health effects of noise: ‘annoyance’, with the possibility of the
development of psychopathology, is generally associated with noise. However such annoyance
is likely to be related to the characteristics of the individual and not a direct effect of noise
(Butler et al., 1999). The problem with studies linking mental health to noise exposure is the
difficulty of accurately concluding that noise is responsible, and not other confounding work
factors (Smith, 1991). It is generally agreed that noise may prolong the time it takes to fall
asleep, cause awakening once asleep, interfere with returning to sleep once awake, and may
cause a shifting from deeper sleep to shallow sleep (Smith & Broadbent, 1992). Noise is also
thought to have fatigue effects although research has had problems dealing with potential
confounders. It is however generally agreed that noise during the day influences sleep at night.
The individual effects of noise on performance are varied and dependent on factors such as
length of exposure to the noise, the type of noise and the level (Broadbent, 1979; Smith, 1989;
Jones, 1989; Smith & Jones, 1992).
Certain strong statements have been made about there being a direct role for noise in the
occurrence of some occupational accidents (King, 1947; Heald, 1955, both cited in Smith,
1990). In his review, Smith (1991) suggests that upon closer inspection very little actual
evidence is offered to support these claims and it seems unlikely that all potential confounders
could be controlled for in these studies.
2.3.2

Working Hours

‘Working hours’ is used here to refer to a range of terms: permanent day work, permanent
night-work, three-shift-work (working a combination of day and night-work), long work hours
and 'on call' work for example. A recent meta-analytic review of the effects of hours of work on
health (Sparks, Cooper, Fried & Shirom, 1997) found small yet significant associations. Overall
health symptoms, physiological health indicators and psychological health symptoms were
positively correlated with the number of hours worked per week. However, Sparks and
colleagues (1997) stated that it was difficult to draw firm conclusions due to the lack of
available literature.
Generally it is assumed that potential stressors such as (a) long working hours and (b) shiftwork would only have negative effects on health. However it is worth acknowledging that for
certain individuals these may be preferential as they allow them a flexibility (e.g. for certain
hobbies/pastimes) that normal day work would not allow (Harrington, 1978). Despite this, it is
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best considered that forms of shift-work involving night-work can cause health problems. Shiftwork involving night-work can be responsible for a lowering of well-being (Rutenfranz, Haider
& Koller, 1985). This was considered to be due to the disturbance of sleeping and eating habits
caused by the disruption of the biological rhythms that govern them; the longer night-work
continues, the greater the disturbance is likely to be. A recent study of 480 patients found that
those who worked rotating shifts, compressed weeks and irregular hours were significantly
more likely than controls to report health complaints, sleeping problems and have impaired
psychological performance (Martens, Nijhuis, Van Boxtel & Knottnerus, 1999).
A recent study has considered the relatively new phenomenon of ‘telework’ (i.e. working from
home) as an alternative to spending every day in the office (Lundberg & Lindfors, 2002). The
psychophysiological arousal of 26 white-collar workers was compared whilst working in the
office, working at home and relaxing at home. Blood pressure was found to be significantly
higher in the office; epinephrine levels were significantly elevated in the evening after working
at home. The authors concluded that the increased blood pressure could be explained by the
different work tasks being performed; the increased epinephrine levels were likely due to
workers at home working longer hours into the evening than they would have done in the office.
These findings highlight how current changes in the organisation of working hours may change
aspects of physiology quite acutely.
Regarding specific aspects of physical health, Rutenfranz et al. (1985) found little evidence for
an effect of long working hours on cardiovascular disease risk when reviewing the literature.
Whereas, Sparks et al. (1997) found evidence of increased coronary heart disease and
myocardial infarction in those working long hours in a meta-analytic review of 21 studies.
There are also physiological and biochemical effects of circadian rhythm variation and fatigue
that will be apparent under conditions of prolonged exposure to long working hours, night- and
shift-work. Other health effects have been suggested: a recently published study
(Schernhammer, Laden, Speizer, Willett, Hunter, Kawachi, Fuchs & Colditz, 2003) found that
females working night shifts were at increased risk of developing colorectal cancer in a
longitudinal study of 78,586 nurses. It was suggested that working a rotating night shift at least
three nights per month may increase the risk of colorectal cancer. Knutsson (2003) concluded in
his review of the current position of the health effects of shiftwork that there was good evidence
for peptic ulcer disease, coronary heart disease and ‘compromised pregnancy outcome’.
Aside from the considerable problems that can be caused by circadian rhythm disruption to
one's physical health, psychological problems are associated with how work hours are
organised. ‘Mental stress’ was a recurring complaint associated with long working hours
(Sparks et al., 1997). Generally studies have found it problematic to accurately attribute
causation to the effects of working hours; however one study (Borg & Kristensen, 1999) found
that long working hours and non-day work were the main stressors leading to poor mental
health. Long working hours can lead to poor sleep. Whereas, night- and shift-work can cause
serious disruption to the body’s circadian rhythms (Kogi, 1985; Åkerstedt, 1985) that (although
reversible) can lead to long term health problems. This is evidenced by ex-shift-workers
showing significantly greater incidences of ill health and one of the main causal factors is
thought to be a cumulative sleep debt. Disturbed sleep is the most common problem associated
with shiftwork (Åkerstedt, 2003).
Performance effects of working hours are varied although well known, these include: time of
day effects (Smith, 1992), fatigue (Craig & Cooper, 1992), sleep inertia and sleep loss (Tilley &
Brown, 1992) due to night and shift-work. Once again, performance decrements are largely seen
to be associated with circadian rhythm disruption.
Long working hours, or other organisation of work hours have been cited as at least a
contributing factor to the occurrence of a number of high profile man-made disasters:
Chernobyl; the Exxon Valdez oil spill; Three-Mile Island; the Union Carbide chemical
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explosion in Bhopal, India; and the Space Shuttle Challenger accident (Rosekind, Gander,
Gregory, Smith, Miller, Oyung, Webbon & Johnson, 1996). Most recently, Folkard and Tucker
(2003) concluded that both productivity and safety are compromised at night.
2.3.3

Other Workplace Stressors

There are many potential stressors that could be problematic in the workplace. Among these are
the variety of chemicals and hazardous substances that may be apparent in the workplace, these
are many and to review the health effects of an almost endless list of compounds is not possible
here. There are also the risks associated with the equipment one has to work with or the
machinery that is used in the workplace. The ambient temperature and lighting of the workplace
can also be extremely problematic. Indeed, searches of any major electronic medical database
(e.g. Medline or Embase) will reveal many papers on a whole range of outcomes and
occupations from many different countries.
2.3.4

Summary

Workplace stressors have many and varied affects on health, performance and safety outcomes.
Despite the obvious importance of such relationships, research is often hampered by an inability
to accurately address confounders or only examines specific bodies of workers in certain
occupations. It is certainly the case that multiple stressors are often a truer reflection of the work
environment than traditional research would acknowledge; it is this topic that will be addressed
in the following sections of the literature review.

2.4

COMBINED EFFECTS OF WORKPLACE STRESSORS

There is considerable opportunity to be exposed to multiple stressors in the workplace. Stressors
are very rarely going to be present in isolation and it seems likely that any attempts to attribute
health effects to any one stressor will be greatly flawed due to the confounding influence of
others. However, there generally appears to be an increased move towards considering the
combination of stressors exposed to as a crucial factor in the risk to health. Initial searches
unsurprisingly revealed a vast number of papers that used the term ‘combined effects’; however,
this was vastly reduced when limited to occupational health outcomes. It was these 381 research
papers that were reviewed. Few were directly relevant to the questions posed here.
Table 4
Databases searched, search terms and results

Database

Combined effects

Embase
Ingenta
Ingenta Select (Catchword)
Infotrac Expanded Academic Index
PSYCinfo
ASSIA
PSYCHARTICLES (Ovid)
Medline (PubMed)
Web of Science

1,433
10,962
5,571
614
812
80
4218
112,748
6,413

Combined effects &
Occupational health
275
35
35
1
6
0
0
60
4

An exhaustive review of the literature on the combined effects of occupational stressors
revealed a large and varied selection of studies. Examples of some specific combinations
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include: animal model of combined exposure to solvents and noise (Kurnayeva, Burykina,
Zel’tser, Dasayeva, Kolbeneva, Veselovskaya, Demin & Loshchilov, 1986); low intensity noise
and mild heat on cognitive performance (Hygge, 1988); noise, infrasound and temperature on
driver performance (Nilsson, Moren & Tornos, 1988); sinusoidal noise and vibration
(Landström, Lundström, Kjellberg & Aström, 1990); and mixtures of organic solvents on health
(Seeber & Kiesswetter, 1990). However, looking at specific combinations of stressors (e.g.
noise and working hours) did not uncover a large body of research. Below is a summary of the
data on the combined effects of occupational noise exposure and working hours as reviewed in
Wellens (2001). This was one area where there were a number of studies although this was by
no means enough to make unequivocal statements about the health effects of these stressors in
combination; what the literature did suggest however is summarised below.
A considerable problem encountered when attempting such research is to isolate the effects of
the occupational stressors in question and reliably assign causation. Certain articles concentrated
on one stressor and ‘other stress factors’, for example, night-work and other stress factors
(Oginski, Pokorski, Pietsch, Szramel & Rutenfranz, 1987), shift-work and other stress factors
(Rutenfranz, Bolt, Ottmann & Neidhart, 1989) and noise exposure and other variables (Humes
& Jesteadt, 1991).
2.4.1

Noise, Working Hours and Physical Health

Below is a summary of research findings that shed some light on the possible combined effects
of loud noise and long working hours, night- and shift-work. These findings have been divided
into: (a) cardiovascular effects and (b) other physical health effects.
Noise, Working Hours and Cardiovascular Effects

Jansen and Schwarze (1988) conducted a longitudinal study that suggested that cardiovascular
disorders were mostly related to the noise variables. In combination, noise and shift-work were
found to result in an increase in blood pressure, concomitantly with heart rate increase (Petiot,
Parrot, Lobreau, Smolik & Guilland, 1991). These effects were more obvious in men than in
women. Another study confirmed the trend (Lercher, Hortnagl & Kofler, 1993). Work noise
annoyance and stressful working conditions were studied in combination. Both systolic and
diastolic blood pressures were significantly higher when work noise annoyance and night-work
conditions were combined than in the work noise annoyance alone condition.
Noise, Working Hours and Other Physical Health Outcomes

One study looked at catecholamine excretion and electrodermal activity under the combined
effects of shift-work and noise (Ottmann, Rutenfranz, Neidhart & Boucsein, 1989). Independent
effects of shift-work and noise were demonstrated. The excretion rate of noradrenaline and
electrodermal activity was greater during day-work than in night-work. There were after-effects
of noise on sleep, and noise exposure led to higher levels of noradrenaline excretion and
electrodermal activity. The adrenaline excretion was influenced by shift. The excretion rates of
the day workers were higher during work and lower during sleep compared to night-workers.
However the study also found an interaction between the type of shift and noise; noise led to an
increase of adrenaline excretion for night-workers and to a decrease for day workers.
In a similar study the following outcomes showed changes typical of night shift-work:
catecholamine excretion rates, autonomic reactions, reaction times and ratings of subjective
alertness. No main effects of noise were found in this study, although there was evidence of
some interaction effects (Boucsein & Ottmann, 1996). The authors suggested a ‘multiple arousal
model’: night shift-work primarily influences general arousal, and noise affects both general and
goal-directed arousal, dependent on the presentation during day or night shift.
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A longitudinal study (Jansen & Schwarze, 1988) found that some health outcomes were
predominantly related to ‘time stress’ (e.g. gastrointestinal-renal diseases) and others to time
stress, noise annoyance and duration of noise exposure (e.g. neuro-vegetative disorders and
disease of the ear, nose and throat). Noise annoyance in combination with other stress factors
can affect physical health. Due to the nature of the study, conclusions cannot be drawn on
whether this is due to separate independent effects of noise and time stress or to the combination
of the two.
2.4.2

Noise, Working Hours and Psychological, Sleep and Fatigue Effects

A study of noise annoyance, sensitivity and disturbance in the oil industry suggested a
combined effect may be at work (Koller, Kundi, Haider & Cervinka, 1988). Shift-workers
reported that they perceived noise exposure at both home and work to be more unbearable than
day workers did. This greater sensitivity to noise also proves to be related to more health
problems, suggesting a relationship between the psychological and physical effects. The authors
suggest that noise sensitive shift-workers may be more disturbed by noise whilst trying to sleep
during the day, or maybe there is synergism between the stressor of night-work and
occupational noise exposure, which is moderated by their sensitivity to noise. Shift-work and
noise can induce independent effects (Rutenfranz, Bolt, Ottmann & Neidhart, 1989), explained
in terms of ‘activation’ for shift-work and in terms of ‘tension’ for noise. Therefore, the
combination of both factors was partly additive and partly subtractive, as night-work and noise
negatively affected day sleep. A study of Ethiopian textile mill workers looked at the effects of
shift-work and work environment on sleep disorders (Abebe & Fantalum, 1999). It was found
that sleep disturbance was significantly associated with three variables: rotating shift-work,
external environmental noise and the physical working environment. Over half those asked
claimed to experience a sleep disorder, although the structure of the study makes it difficult to
draw any firm conclusions about the nature of this finding.
2.4.3

Noise, Working Hours and Performance

This is one of the few areas with a substantial body of information. However, despite some
detailed and thorough studies no combined effects of great significance are apparent. On the
whole, the effects of noise and working hours (NB: specifically in this research, night-work was
studied) were found to be selective and independent (Smith and Miles, 1985; 1986; 1987a;
1987b; Smith, 1988; Smith, 1990). For example, perceptual motor tasks were performed more
slowly at night but noise had no significant effect and did not interact with day/night conditions.
In contrast noise impaired performance on memory loaded search tasks and vigilance tasks
whereas working at night had no effects on these. In addition, measures of individual
differences had different associations with noise and nightwork. Measures of introversion,
neuroticism, anxiety and morningness were included. The only measure of personality that
interacted with both noise and night-work was introversion. Such effects were only present for a
few aspects of performance. Female subjects showed large night time impairment on manual
dexterity, but performed working memory tasks better at night. Males showed a small
impairment on both types of task. However, there was no evidence of noise producing different
effects in the two sexes. A review of a body of research assessing noise effects, and their
interaction with temporal variables, found a noise effect on an arithmetic task that was reversed
at different times of day (Holding & Baker, 1987). Further research indicated parallels between
noise and fatigue, with after-effects depending on both work and noise.
2.4.4

Noise, Working Hours and Accidents

It has been suggested that a circadian rhythm of accidents exists and that factors such as noise
may modify this rhythm (Wojtczak-Jaroszowa & Jarosz, 1987). It was argued that this rhythm
was governed by the interrelationship between a number of endogenous and exogenous
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rhythmic factors. Such factors largely consist of both human factors (e.g. fatigue or circadian
fluctuation of biological function) and multiple hygienic and social components that either
promote or suppress human performance (e.g. noise or high temperature). Rates of accidents
were found to depend on the particular combinations of these factors, which varied around the
clock. Another study suggested that noise could have a counteracting effect on the sleepiness
caused by night-work (Åkerstedt & Landström, 1998). This study concluded that night-work
caused severe sleepiness, impaired performance and increased accident risk. In reviewing
potential practical countermeasures to these risks, noise was highlighted as one of a number of
promising techniques to counteract sleepiness. This noise was controlled and therefore would
likely be experienced very differently to the noise experienced at work.
2.4.5

Summary

The most important thing to make clear is that there was only a small literature on the combined
effects of noise and working hours (and this represented one of the more researched stressor
combinations); all other conclusions drawn should be in seen in the light of the huge difficulties
in making representative statements on the basis of such sparse information.
This is a complex area to draw firm conclusions in, as reflected in the substantial problem
concerning the use of the terms ‘working hours’ and ‘noise’. Noise exposure can either be acute
or chronic, it can be either perceived (and as such may well better reflect noise annoyance than
noise experienced) or be objectively measured (i.e. in controlled environments so that subjects
are in either high or low noise groups), and from any one (or more) of a huge number of sources
(e.g. machinery, other people, vehicles). Working hours could refer to many aspects of the work
time organisation, be it night-work or shift-work (of a temporary or permanent nature), long
work shifts or irregular work. Therefore any conclusions drawn must be made in light of the
precise research scenarios in which the findings were made.
2.4.6

Job Demand-Control (-Support) and Effort-Reward Imbalance

The previous section described studies that considered occupational noise exposure and working
hours in combination. There were also a small number of papers that considered the Job
Demand-Support-Control (JDCS) and Effort-Reward Imbalance (ERI) models in the same
study. Generally this was done to compare their efficacy, or their association with some specific
outcome (e.g. cardiovascular health). Given that the ERI model was inherently part of an
attempt to answer the perceived shortcomings of the JDCS model these comparisons were of
considerable interest to researchers in psychosocial epidemiology. Table 5 below demonstrates
the number of articles found when searching for both terms simultaneously (NB: Job Strain &
Job Demand-Control-Support were different terms to refer to the same model).
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Table 5
Databases searched, search terms and results

Database

Embase
Ingenta
Ingenta Select (Catchword)
Infotrac Expanded Academic Index
PSYCinfo
ASSIA
PSYCHARTICLES (Ovid)
Medline (PubMed)
Web of Science

Job Strain &
Effort-Reward
Imbalance
12
3
0
1
7
3
26
11
0

Job Demand-Control
(and/or -Support) &
Effort-Reward Imbalance
3
3
1
1
0
1
3
9
0

The first mentions of both models in the same research papers appeared the same year as the
ERI model (Siegrist, 1996) was introduced. It is commonly accepted that both models have
some success in describing the deleterious effects of psychosocial workplace conditions on
certain outcomes including coronary heart disease (Kasl, 1996; Smith & Ruiz, 2002), blood
pressure (Schwartz, Pickering & Landbergis, 1996) and mental health (Stansfeld, 2002). Other
outcomes have also been considered. Joksimovic, Starke, Kriesebeck and Siegrist (2002) looked
at the effect of physical job demands, low job control, ERI and overcommitment5 on
musculoskeletal pain in 316 workers. After adjustment (for age, gender, socioeconomic status,
shiftwork and negative affectivity) it was evident that there were independent effects of high job
demands and overcommitment only. ERI was not found to be associated with musculoskeletal
pain in this sample.
When researchers have been interested in both the JDCS and ERI models they have wished to
address one or both of two questions:
·
·

Which of the two models is more strongly associated with a particular outcome?
Are their benefits to combining the two models into a single model?

Which Model Works Best for Which Outcome?

The first paper to look at the two models comparatively used data from the Whitehall II
prospective cohort study of 6895 male and 3413 female civil servants aged 35-55 to investigate
coronary heart disease risk (Bosma, Peter, Siegrist & Marmot, 1998). An imbalance between
effort and reward was found to be associated with an increased risk (OR = 2.15); neither job
strain (i.e. the combination of high demands and low control) nor high demands were associated
with this outcome. However, low control was associated with the outcome: self-reported control
was more highly associated with new disease occurrence than externally assessed control (OR =
2.38 vs. 1.56). These findings remained despite controlling for employment grade level,
negative affectivity and coronary risk factors (e.g. BMI, currently smoking). Another study
taking a similar approach to the issue was conducted in a prospective cohort study of 812
Finnish industrial employees, although this was specifically concerned with cardiovascular
mortality (Kivimäki et al., 2002). Both high job strain (OR = 2.22) and ERI (OR = 2.40) were
significantly associated with this outcome, even after controlling for sex and age. These effects
also remained after controlling for occupational group and baseline: smoking, physical activity,
blood pressure, cholesterol and BMI. Associations were also found between high job strain and
5

Overcommitment = a personal pattern of coping with demands.
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increased serum total cholesterol at five year follow-up, and between effort-reward imbalance
and increased BMI at ten year follow-up.
Another recent study that examined both models looked at first nonfatal acute myocardial
infarction as the outcome (Peter, Siegrist, Hallqvist, Reuterwall & Theorell, 2002). This was a
case-control study of 951 myocardial infarction cases and 1,147 controls aged 45-64. The
authors explained their rationale for combining models as follows: the JDCS model focuses on
the situational characteristics of work; the ERI model includes personal as well as situational
characteristics of work therefore these conceptual differences may mean that in combination the
models may improve risk estimation. Analysis showed ‘moderately increased’ odds ratios for
each model individually; controlling each model for the other in order to test the independent
effect of each model did not demonstrate systematically increased odds ratios. The hypothesised
improved estimation of acute myocardial infarction risk for those exposed to both high job
strain and ERI was observed. This suggested that there were additionally benefits to including
both models in studies that were interested in assessing the influence of the psychosocial work
environment on health.
Aside from cardiovascular disease and related risk factors, other health outcomes have been
considered. A large representative sample of the Dutch working population (N = 11,636) was
used to look at a number of aspects of health and well-being (de Jonge, Bosma, Peter & Siegrist,
2000). After controlling for job sector, various demographic characteristics and managerial
position, the following significant associations were found: high job strain and ERI were both
associated with an elevated risk of emotional exhaustion (Job Strain, OR = 10.94 vs. ERI, OR =
15.43), psychosomatic health complaints (3.13 vs. 4.40), physical health complaints (2.89 vs.
3.23) and job dissatisfaction (3.31 vs. 5.57). As the odds ratios shown in parentheses
demonstrate, effort-reward imbalance was a stronger predictor of poor well-being in this crosssectional study. These researchers also analysed effort, rewards and control simultaneously and
it appeared that effort was the strongest predictor of all outcomes bar job dissatisfaction (where
reward was the strongest predictor). The authors also make the point that effort is an expression
of ‘psychological demands’ and therefore has some overlap with the demand component of the
JDCS model. The authors conclude by stating that both models have cumulative independent
effects that show no significant differences between either male and female or young and old
workers.
These studies, although recognising the benefits of considering both models comparatively in
the same study population, did not look at the components of the models in combination. These
few studies that did so are introduced below.
Are there Benefits to Combining Components from both Models?

A study compared the predictive validity of these models both alone and in combination for the
following outcomes: self-reported health status and presence of chronic disease in a sample of
3,000 sawmill workers in Canada (Ostry, Kelly, Demers, Mustard & Hertzman, 2003). Both
models were found to independently predict poor self-reported health status (Job Strain, OR =
2.07; ERI, OR = 3.35); only ERI predicted self-reported chronic disease (OR = 1.59). The
authors' next step was to analyse a combined model of both the ERI items and control. This was
found to be a better predictor of both self-reported health status (OR = 3.50) and chronic disease
presence (OR = 1.98) than either model alone. There were differences found when intrinsic
effort and extrinsic effort were modelled separately; intrinsic effort showed itself to have better
predictive validity.
A similar approach was taken that examined the two models both separately and in combination
in a sample of 1,089 general practice staff (Calnan, Wainwright & Almond, 2000). The
following two outcomes were examined: mental distress (measured by the GHQ-12) and job
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satisfaction. Both models predicted the outcomes significantly and there was little to choose
between the models’ predictive power. However, there were differences between the strength of
the association for certain components of the models: intrinsic effort appeared to have the most
powerful effect on mental distress, whereas both extrinsic effort and reward had a less powerful
effect than demands, control or support. It must be noted however that this difference was only
small. A combined model, which included all components of both models, found that the key
determinants of mental distress in the sample were: low intrinsic effort, high extrinsic effort and
low control. The authors at this juncture suggested that the key point was not ‘why was it these
components?’, but ‘why didn’t high demands, low support and low reward have more
influence?’ For job satisfaction, demands showed a small negative relationship with the
outcome whereas control and support showed powerful positive effects. Of the ERI items, there
was a powerful negative effect of reward on job satisfaction only. In the combined model the
key determinants of job satisfaction were: high control, high support, low intrinsic effort and
low rewards. These effects were moderate in size with the exception of a powerful effect of job
control. From this it seemed that (for mental distress and job satisfaction at least) neither model
was actually better in itself but different components of each offered the best model of the
relationship of psychosocial stressors and health.
A recent paper has suggested another reason for looking at both models. Tsutsumi, Kayaba,
Theorell and Siegrist (2001) compared the effects of the two models on depression in a sample
of 190 employees (aged 20-59) threatened by job loss in a small Japanese business. There were
two main types of work that were undertaken by employees: working on a direct assembly line
and working on indirect supporting tasks. It was found that high job strain was associated with
the direct assembly line workers; high ERI was associated with the indirect supportive task
workers. Depressive symptoms were more prevalent in the supporting staff only, these were the
workers targeted for any potential downsizing. After adjustment (for potential confounders like
work environment factors) low control, ERI and overcommitment were all independently
related to depression. Those more threatened by job loss were more likely to be depressed. The
two models were associated with different aspects of stressful job conditions.
2.4.7

Summary

This small body of literature certainly suggests that there is mileage in considering both the
JDCS and ERI models both comparatively and in combination as they may either increase the
power to predict certain outcomes or differentially be associated with different outcomes.
Although the literature has only investigated a few outcomes it certainly gives encouragement
for those wishing to examine an increased range of outcomes. Although it could be argued that
the combination more accurately models the psychosocial work environment, there is certainly a
strong case to be made for an inclusion of further data about the physical work environment.
The job demand component of the Job Strain model certainly contains items that, it could be
argued, reflect aspects of the physical work environment but it is very limited. There is certainly
scope to increase this type of information, to improve the prediction of risk and further isolate
what it is about the work environment that is associated with specific poor health outcomes.
2.4.8

Combined Occupational Stressors (more generally)

Unlike the consideration of specific combinations of small numbers of occupational stressors
and their health and performance effects, some researchers have looked more generally at the
sum total of the stressors an individual is exposed to in the workplace. A group of researchers
based in Israel (Luz, Melamed, Najenson, Bar & Green, 1990; Melamed, Yekutieli, Froom,
Kristal-Boneh & Ribak, 1999; Shirom, Nir-Dotan & Melamed, 2000) developed an instrument
called the Ergonomic Stress Level (ESL) measure. This was used to measure: body motion and
posture, physical effort, active hazards and environmental stressors in the workplace using a
mixture of self-reports and expert ratings. Using this it was demonstrated that there was a linear
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relationship between the ESL measure and accident incidence (Luz et al., 1990). A more recent
and sophisticated use of the ESL was in a study population of 4,096 working men in Israel
(Melamed et al., 1999). Here, ESL scores were based upon the measurements of trained
individuals and these measurements were both reliable and stable over the 2-year period of the
study. Once again, this measure showed itself to predict the occurrence of occupational injuries
and this remained so after controlling for age, experience in the job, education level attained,
managerial and occupational status (i.e. blue-collar vs. white-collar). Although predominantly
used to look at occupational injuries, a recent paper has used the ESL measure to look at serum
uric acid levels (Shirom et al., 2000). ESL was positively associated with serum uric acid level
in male workers only. This effect was moderated by perceived control; this perhaps points
towards the need to consider the combinations of physical and psychosocial stressors exposed to
in the workplace.
There have been other studies that have tried to look at the combination of physical and
psychosocial stressors. Li, Chen, Wu and Sung (2000) developed novel measures of the
frequency of workplace exposure to stressors. This was for workers in the Taiwanese
petrochemical industry and the aim was to assess occupational injury risk. These measures
included items that asked about the physical environment, organisational structure and
organisational climate. The findings suggested that the frequency and severity of stressors were
associated with an increased likelihood of (non-fatal) injuries occurring in the workplace.
Matthews and Gump (2002) looked at post trial mortality from coronary heart disease in 12,336
working men followed-up over 9 years. As the number of reported different workplace stressors
increased, the risk of mortality increased significantly, this trend was linear. Another outcome
that has been studied is musculoskeletal disorders (Devereux, Vlachonikolis & Buckle, 2002);
the researchers investigated the combined effects of physical and psychosocial factors on these
outcomes. It was found that individuals who reported high levels of both physical and
psychosocial factors were more likely to also report symptoms of musculoskeletal disorders. It
has been suggested that there can be considerable covariation between physical and
psychosocial stressors (MacDonald, Karasek, Punnett & Scharf, 2001). The authors had been
studying the aetiology of work-related musculoskeletal disorders but felt this may well apply to
other outcomes.
Another study that suggests a need to address the effects of physical and psychosocial stressors
in combination is that of Tafalla and Evans (1997). They found that noise exposure increased
heart rate, norepinephrine and cortisol only under conditions of high effort; reaction time was
found to be slowed significantly under noise, only when effort was low. This suggests that
investigations of either physical or psychosocial stressors without the context of the other may
not grasp a true reflection of the potential effects of these occupational stressors.
2.4.9

Summary

It is apparent that combined workplace stressors are being more frequently researched in a
number of contexts, some considering both the physical and psychosocial aspects of work and
some not. Needless to say, there is only a small body of literature at this point in time but this
can hopefully be added to with the extensive outcomes measured and large datasets available to
this investigation.
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3.
SECONDARY ANALYSES OF THE BRISTOL AND
CARDIFF COMMUNITY SAMPLES: METHODOLOGY AND
DESCRIPTIVE STATISTICS
3.1

OVERVIEW

The following section outlines the sampling frame and procedure for the current community
survey. Descriptive statistics and appropriate factor analyses for dependent and independent
variables and covariates are described.

3.2

METHODOLOGY

The investigation of the combined effects of occupational health hazards on health initially
focused upon the analysis of two datasets. One of these was the Bristol Stress and Health at
Work study. This dataset and the relevant methodology have been described elsewhere (Smith,
Johal, Wadsworth, Davey Smith & Peters, 2000). These data were reanalysed for this
investigation. Also, the investigation of another sample was undertaken. This was the South
Wales Health, Work and Safety study. The procedure of these studies is briefly described
below.

3.3

PROCEDURE

The methodology was broadly similar for these studies. The sampling frames were taken from
the electoral register for both studies. The one difference was a procedural one. The study that
sampled from South Wales and Merthyr Tydfil had an interest in legal and illegal drug use in
the workplace. Because of the very specific and sensitive nature of this information it was
essential that the anonymity of respondents was ensured. Therefore no identifiers were attached
and it was not possible to contact non-responders to encourage their participation. With the
Bristol Stress and Health at Work study it was possible to contact slow- or non-responders and
prompt them for a reply. Therefore aside from differences between the samples due to
divergences in the target populations, any other variation would likely reflect this one key
difference. Aside from this the methodologies and procedures were very similar, although data
was gathered in two measurement waves for the Bristol-based study. Aside from the initial large
scale mailshot those individuals who expressed a willingness were contacted a full 12 months
subsequently. This questionnaire included some new items and many of the same items and
mainly aimed to address the issue of causal relationships between variables. The questionnaires
contained many of the same items and therefore taken together they represented a substantial
amount of data on currently working individuals.

3.4

RESPONSE RATES

17,000 questionnaires were sent out for the Bristol study. 7069 (41.6%) were returned
completed, 4742 (27.9%) were returned blank, 2686 (15.8%) were not returned and 2503
(14.7%) were excluded. Of those questionnaires returned completed, 4135 were from working
individuals. Of those returned completed, 4673 expressed a willingness to receive the 12-month
follow-up questionnaire. Of these 3112 (66.6%) were returned completed, 55 (1.2%) returned
blank, 1328 (28.4%) and 178 (3.8%) excluded. 30,000 questionnaires were sent out for the
study in South Wales. 7980 (26.6%) were returned completed, 5490 (18.3%) were returned
blank, 16292 (54.3%) were not returned and 238 (0.8%) were excluded. Of those returned
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completed, 4620 were from working individuals. Questionnaires returned from working
individuals formed the sample for this study.

3.5

ANALYTIC STRATEGY

All analyses were carried out using binary logistic regression in SPSS 11. To increase the
amount of data available for analysis, data from both samples were merged together where there
were identical items. The initially presented descriptive statistics for all appropriate items offer a
comparison of the data from each source. Multivariate logistic regression analyses included
‘location’ (i.e. Bristol vs. South Wales) as a covariate.
All outcomes were dichotomous variables and are tabulated subsequently. Covariates in the
model were drawn from the socio-demographic, occupational and health-related variables that
are also subsequently tabulated. Work stress was also included as a covariate except in the
analysis where it served as the outcome. All covariates were entered into the regression equation
in a single step (i.e. the forced entry technique) and these covariates were included in all
analyses. There were twelve covariates included in the multivariate analysis, these were:
·
·
·
·
·
·
·
·
·
·
·
·
3.6

Age group (i.e.  25, 26-40,  41)
Male/full-time vs. female/full-time vs. male/part-time vs. female/part-time
Income (i.e. < £10K, £10K-19,999, £20K-29,999, > £30K)
Marital status (i.e. married/cohabiting vs. other)
Education (i.e. none, GCSEs, A-levels, City & Guilds, degree, higher degree)
Ethnicity (i.e. white vs. other)
Type of work (i.e. non-manual vs. manual work)
Location (i.e. Bristol vs. South Wales)
Work stress (i.e. not at all/mildly/moderately stressful vs. very/extremely stressful)
Life stress (i.e. not at all/mildly/moderately stressful vs. very/extremely stressful)
Health in the last 12 months (i.e. very good/good/fair vs. bad/very bad)
GHQ-12 score (i.e. 0-8, 9-11, 12-16, 17-36)

FACTOR ANALYSES OF ILLNESS & MEDICATION OUTCOMES

An issue regarding the outcomes was to reduce the large number of checklist items into a
smaller number of theoretically meaningful and useful health-related outcomes. This was done
using exploratory factor analysis. Four separate factor analyses were undertaken. These were for
the four categories of items the checklists were divided into:
·
·
·
·

Lifetime prevalence of serious illness (i.e. chronic illness)
Illness in the last 12 months (i.e. 12 month illness)
Symptoms in the last 14 days (i.e. acute illness)
Recent medication used (i.e. 14 day medication use)

These categories consisted of 12-, 13-, 20- and 7-items respectively. These factor analyses
provided a number of intuitive factors with items with high factor loadings, and few items
loading on multiple factors. Musculoskeletal problems (within the last 12 months and 14 days)
were not included in the factor analyses but were considered as independent outcomes.
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3.6.1

Chronic Illness

The chronic health outcomes became four factors, three items did not load on to these (i.e.
depression, emphysema and stroke). The four factors were named as such:
·
·
·
·
3.6.2

Heart attack and/or angina
Lifetime occurrence of respiratory disease
Lifetime occurrence of coronary heart disease (CHD) risk factors
Any cancer
12 Month Illness

The 12 month illness items became two factors which reflected less than half the items.
Although some of the other items loaded together these did not reflect sensible clusters of
symptoms. These non-loading items were arthritis, bronchitis, persistent skin trouble, piles,
persistent foot trouble, trouble with varicose veins, persistent trouble with gums/mouth, and any
other recurring health problem. The two factors were:
·
·
3.6.3

Allergies in the last 12 months
Gastrointestinal problems and/or depression in the last 12 months
Acute Illness

The acute (i.e. in the last 14 days) symptoms items became 4 factors that reflected 12 of the
items. The non-loading items were indigestion, dizziness/giddiness, earache, swollen ankles,
rashes/itches, headache, toothache and any other complaints. The four factors were:
·
·
·
·
3.6.4

Upper respiratory tract infections in the last 14 days
Psychological health problems in the last 14 days
Symptoms of lower respiratory tract problems in the last 14 days
Gastrointestinal problems in the last 14 days
14-day Medication Use

The medication items became 2 factors of 3- and 2-items each respectively. Blood pressure
medication and other medication did not load on to any factor. The two factors were:
·
·

Prescribed medication for pain relief and/or digestion problems in the last 14 days
Prescribed medication for psychosomatic symptoms in the last 14 days

Table 6 shows these factors, their constituent items, factor loadings and proposed names.
Factors are presented in the order they were extracted in the factor analyses.
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Table 6
Factor analysed solutions for symptoms checklists

Item

Loading

Factor name

Angina
Heart Attack

0.801
0.814

Heart attack and/or angina

Factor Two

Asthma
Bronchitis

0.671
0.743

Lifetime occurrence of
respiratory disease

Factor Three

Cholesterol
Diabetes
High blood pressure

0.611
0.617
0.712

Lifetime occurrence of
CHD risk factors

Factor Four

Breast cancer
Other cancer

0.709
0.667

Any cancer

Asthma
Hay fever

0.747
0.741

Allergies in the last 12
months

Depression
Constipation
Stomach problems

0.618
0.502
0.615

Gastrointestinal problems
and/or depression in the last
12 months

Cough
Cold
Sore throat
Blocked nose

0.675
0.817
0.707
0.731

Upper respiratory tract
infections in the last 14 days

Factor Two

Sleeplessness
Tired for no reason
Depression

0.640
0.653
0.653

Psychological health
problems in the last 14 days

Factor Three

Shortness of breath
Chest pain
Wheeziness

0.790
0.495
0.747

Symptoms of lower
respiratory tract problems in
the last 14 days

Factor Four

Diarrhoea
Nausea

0.663
0.738

Gastrointestinal problems in
the last 14 days

Pain killers
Indigestion medication
Laxatives

0.674
0.694
0.499

Prescribed medication for
pain relief and/or digestion
problems in the last 14 days

Sleeping tablets
Antidepressants

0.407
0.817

Prescribed medication for
psychosomatic symptoms in
the last 14 days

Chronic illness:
Factor One

12-month illness:
Factor One

Factor Two

Acute illness:
Factor One

Medication:
Factor One

Factor Two
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3.7

DESCRIPTIVE STATISTICS FOR THE COVARIATES

Table 7 provides a comparison of the socio-demographic characteristics of the two individual
samples and in combination. Broadly similar trends were apparent in both samples. There were
more female respondents and less young workers present in both samples; with regards to
particular differences between the two samples: the Bristol sample proportionally contained
more male workers, more workers on less than £20,000 p.a., less either City & Guilds or
BA/BSc level individuals and more workers who reported having no academic achievements.
Table 7
Socio-demographic characteristics of the samples

Bristol

South Wales

Combined

Male
Female

2001 (48.4%)
2131 (51.6%)

1986 (43.3%)
2606 (56.8%)

3987 (45.7%)
4737 (54.3%)

 25 years old
26-40 years old
 41 years old

423 (10.4%)
1637 (40.1%)
2026 (49.6%)

654 (14.3%)
1747 (38.2%)
2178 (47.6%)

1077 (12.4%)
3384 (39.1%)
4204 (48.5%)

 £10,000 p.a.
£10-19,999 p.a.
£20-29,999 p.a.
 £30,000 p.a.

1101 (27.8%)
1749 (44.2%)
751 (19.0%)
360 (9.1%)

1045 (23.3%)
1790 (39.9%)
1002 (22.3%)
650 (14.5%)

2146 (25.4%)
3539 (41.9%)
1753 (20.8%)
1010 (12.0%)

Married
Cohabiting
Single
Divorced/separated
Widowed

2412 (58.7%)
474 (11.5%)
837 (20.4%)
333 (8.1%)
52 (1.3%)

2593 (56.8%)
514 (11.3%)
1042 (22.8%)
352 (7.7%)
62 (1.4%)

5005 (57.7%)
988 (11.4%)
1879 (21.7%)
685 (7.9%)
114 (1.3%)

No academic achievements
GSCE/O levels
A levels
City & Guild
BA/BSc
Higher Degree/
Professional qualification

642 (16.4%)
977 (24.9%)
263 (6.7%)
866 (22.1%)
333 (8.5%)
839 (21.4%)

410 (9.3%)
958 (21.6%)
373 (8.4%)
1179 (26.6%)
642 (14.5%)
866 (19.6%)

1052 (12.6%)
1935 (23.2%)
636 (7.6%)
2045 (24.5%)
975 (11.7%)
1705 (20.4%)

White
Non-white

3980 (97.2%)
116 (2.8%)

4427 (97.0%)
135 (3.0%)

8407 (97.1%)
251 (2.9%)

Table 8 shows that the proportion of the samples that were either full- or part-time workers was
very consistent. When stratified by gender it was apparent that there were a greater proportion
of male full-time workers in the Bristol sample and a greater proportion of female full-time
workers in the South Wales sample. It was also evident that there were a greater proportion of
manual workers in the Bristol sample and a greater proportion of non-manual workers in the
South Wales sample. The covariates for the performed analyses were mostly drawn from these
variables.
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Table 8
Comparison of the characteristics of the samples on occupational variables

Bristol

South Wales

Combined

Full-time
Part-time

3085 (74.9%)
1032 (25.1%)

3469 (75.4%)
1131 (24.6%)

6554 (75.2%)
2163 (24.8%)

Male & full-time
Male & part-time
Female & full-time
Female & part-time

1842 (44.8%)
151 (3.7%)
1240 (30.1)
881 (21.4%)

1803 (39.4%)
176 (3.9%)
1650 (36.1%)
945 (20.7%)

3645 (42.0%)
327 (3.8%)
2890 (33.3%)
1826 (21.0%)

Professional etc. (I)
Managerial & technical (II)
Skilled: non-manual (IIIa)
Skilled: manual (IIIb)
Partly skilled (IV)
Unskilled (V)

368 (9.0%)
1415 (34.5%)
964 (23.5%)
608 (14.8%)
571 (13.9%)
174 (4.2%)

463 (10.2%)
1790 (39.3%)
1126 (24.7%)
479 (10.5%)
517 (11.3%)
186 (4.1%)

831 (9.6%)
3205 (37.0%)
2090 (24.1%)
1087 (12.6%)
1088 (12.6%)
360 (4.2%)

Non-manual (i.e. I, II, IIIa)
Manual (i.e. IIIb, IV, V)

2747 (67.0%)
1353 (33.3%)

3379 (74.1%)
1182 (25.9%)

6126 (70.7%)
2535 (29.3%)

3.8

DESCRIPTIVE STATISTICS FOR THE OUTCOME VARIABLES

This section presents the descriptive statistics for all the considered outcome variables. These
have been categorised as either:
·
·
·

Psychological/health-related behaviours
Accidents/injuries/errors
Illness/medication

The tables present the number of individuals from each sample that positively reported the
outcome. The total sample size was 8755 individuals currently in paid employment (NB: Bristol
N = 4135 and South Wales N = 4620). For all variables the amount of missing data was less
than 5% and generally less than 2% of the total sample. Those outcomes shown in Table 9 only
were taken from the Bristol follow-up sample (N = 1892). The initial questionnaire had not
included these highlighted outcomes and that was why these data were used.
3.8.1

Psychological/Health-Related Behaviours

Table 9 shows the proportion of each sample that reported these outcomes. This was very
consistent in both the Bristol and the South Wales samples. The exceptions to this were that a
substantially greater proportion of the Bristol sample reported currently smoking, and a greater
proportion of the South Wales sample drank levels of alcohol per week above recommended
limits.
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Table 9
Comparison of the samples for psychological/health-related behaviours

Very/extremely stressed at work
Clinically anxious6
Clinically depressed
Currently smoking
Alcohol above recommended limits

3.8.2

Bristol

South Wales

Combined

751 (18.6%)
1028 (25.5%)
217 (5.5%)
1153 (28.2%)
253 (6.1%)

918 (20.1%)
1070 (23.5%)
269 (5.9%)
965 (21.0%)
517 (11.2%)

1669 (19.4%)
2098 (24.4%)
486 (5.7%)
2118 (24.4%)
770 (8.8%)

Accidents at Work and Related Items

Table 10 summarises the outcome items that were included in the follow-up questionnaire of the
Bristol study and the South Wales questionnaire. These items refer to the occurrence of these
events in the previous 12 months, with the exception of cognitive failures which refers to the
‘general’ occurrence at work. The South Wales sample had included a slightly greater
proportion of reported accidents at work and frequent minor injuries at work but fewer frequent
cognitive failures at work. Of these three outcomes, cognitive failures were most common and
accidents were least common. The proportion of accidents and cognitive failures outside work
was higher in the Bristol sample, whereas the proportion of minor injuries outside work was
slightly greater in the South Wales sample. Of the items referring to sick leave, GP visits and
hospital in- and outpatient visits the reported proportions were very similar although a greater
proportion of the Bristol sample had taken 6 or more days sick leave in the previous 12 months.
Table 10
Comparison of the samples for accidents at work and related outcomes

Accidents at work (1 or more)
Frequent minor injuries at work
Frequent cognitive failures at work
Accidents outside work (1 or more)
Frequent minor injuries outside work
Frequent cognitive failures outside work
Sick leave (6 or more)
GP visits (4 or more)
Hospital inpatient visits (1 or more)
Hospital outpatient visits (4 or more)

6

Bristol

South Wales

Combined

90 (4.8%)
152 (8.2%)
240 (12.8%)
163 (8.7%)
100 (5.3)
312 (16.5%)
444 (23.9%)
380 (20.2%)
157 (8.3%)
588 (31.2%)

222 (5.1%)
434 (9.8%)
478 (10.5%)
337 (7.2%)
316 (6.8%)
582 (12.6%)
865 (19.2%)
957 (21.0%)
419 (9.1%)
1428 (31.4%)

312 (5.0%)
586 (9.3%)
718 (11.2%)
500 (7.7%)
416 (6.4%)
894 (13.7%)
1309 (20.5%)
1337 (20.8%)
576 (8.9%)
2016 (31.3%)

Clinical anxiety and depression refer in this instance to all probable cases.
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3.8.3

Illness/Medication Outcomes

The outcomes shown in Tables 11, 12 and 13 were derived from the previously described factor
analyses (See section 3.6). The descriptive statistics for the individual items and those shown in
italics represent those exposed to at least one of the factor items. Table 11 shows a comparison
of the samples for the chronic (i.e. lifetime prevalence) illness. Table 12 shows a comparison of
the samples for illness that occurred in the previous 12 months. Table 13 shows the outcomes
for acute illness/symptoms and use of medication in the previous 14 days.
Table 11
Comparison of the samples for the chronic illness outcomes

Bristol

South Wales

Combined

Angina
Heart attack

44 (1.1%)
40 (1.0%)

53 (1.2%)
38 (0.8%)

97 (1.2%)
78 (0.9%)

Heart attack and/or angina

50 (1.3%)

75 (1.6%)

125 (1.5%)

Asthma
Bronchitis

469 (12.0%)
508 (13.0%)

642 (14.0%)
362 (7.9%)

1111 (13.1%)
870 (10.2%)

Lifetime occurrence of
respiratory disease

746 (19.3%)

875 (19.1%)

1621 (19.2%)

High cholesterol
Diabetes
High blood pressure

238 (6.1%)
63 (1.6%)
574 (14.5%)

341 (7.4%)
80 (1.7%)
679 (14.8%)

579 (6.8%)
143 (1.7%)
1253 (14.7%)

Lifetime occurrence of CHD
risk factors

635 (16.5%)

891 (19.4%)

1525 (18.1%)

Breast cancer
Other cancer

23 (0.6%)
93 (2.4%)

29 (0.6%)
89 (1.9%)

52 (0.6%)
182 (2.2%)

Any cancer

98 (2.6%)

115 (2.5%)

213 (2.5%)
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Table 12
Comparison of the samples for the 12-month illness outcomes

Bristol

South Wales

Combined

Asthma
Hay fever

360 (9.2%)
702 (18.0%)

421 (9.2%)
971 (21.1%)

781 (9.2%)
1673 (19.7%)

Allergies in the last 12 months

848 (21.9%)

1177 (25.6%)

2025 (23.9%)

Depression
Constipation
Stomach problems

448 (11.5%)
237 (6.1%)
983 (25.0%)

441 (9.6%)
269 (5.9%)
937 (20.4%)

889 (10.5%)
506 (6.0%)
1920 (22.5%)

Gastrointestinal problems and/or
depression in the last 12 months

1200 (31.3%)

1304 (28.4%)

2504 (29.7%)

1318 (34.9%)

1206 (26.3%)

2524 (30.1%)

Sciatica/lumbago/backache in the
last 12 months

Unlike previous outcomes, there were substantial variations in the proportions of the Bristol and
South Wales samples that reported various outcomes. In the Bristol sample, gastrointestinal
problems/depression in the last 12 months, sciatica in the last 12 months, upper respiratory tract
infections in the last 14 days, lower respiratory tract symptoms in the last 14 days and
medication for pain relief/digestion in the last 14 days were substantially more prevalent. In the
South Wales sample lifetime prevalence of coronary heart disease risk factors and symptoms of
allergy in the last 12 months were more prevalent.
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Table 13
Comparison of the samples for the acute illness and medication outcomes

Bristol

South Wales

Combined

Cough
Cold/flu
Sore throat
Blocked/runny nose

1621 (40.3%)
1045 (26.4%)
1050 (26.5%)
1283 (32.4%)

1283 (27.8%)
728 (15.8%)
939 (20.4%)
1180 (25.6%)

2904 (33.6%)
1773 (20.7%)
1989 (23.2%)
2463 (28.7%)

Upper respiratory tract symptoms in last
14 days

2155 (55.5%)

2090 (45.3%)

4245 (50.0%)

Difficulty sleeping
Tired for no apparent reason
Depressed

1504 (37.5%)
1402 (35.1%)
1168 (29.5%)

1589 (34.5%)
1481 (32.1%)
1006 (21.8%)

3093 (35.9%)
2883 (33.5%)
2174 (25.4%)

Psychological health problems in last 14
days

2218 (53.6%)

2491 (53.9%)

4709 (53.8%)

Shortness of breath
Chest pains
Wheeziness

575 (14.5%)
305 (7.7%)
404 (10.2%)

462 (10.0%)
235 (5.1%)
351 (7.6%)

1037 (12.1%)
540 (6.3%)
755 (8.8%)

Symptoms of lower respiratory tract
problems in last 14 days

797 (20.4%)

730 (15.8%)

1527 (17.9%)

Diarrhoea
Nausea/vomiting

425 (10.8%)
239 (6.1%)

494 (10.7%)
286 (6.2%)

919 (10.7%)
525 (6.1%)

Gastrointestinal problems in last 14 days

550 (14.0%)

684 (14.8%)

1234 (14.5%)

Backache or pains in the back in the last
14 days

1377 (34.4%)

1535 (33.3%)

2912 (33.8%)

Painkillers
Indigestion medication
laxatives

831 (21.0%)
277 (7.1%)
88 (2.3%)

721 (16.3%)
242 (5.5%)
55 (1.3%)

1552 (18.5%)
519 (6.2%)
143 (1.7%)

Prescribed medication for pain relief
and/or digestion problems in last 14 days

879 (22.8%)

858 (19.4%)

1737 (21.0%)

Sleeping pills
Antidepressants

78 (2.0%)
101 (2.6%)

66 (1.5%)
153 (3.5%)

144 (1.7%)
254 (3.1%)

Prescribed medication for psychosomatic
symptoms in the last 14 days

136 (3.5%)

199 (4.5%)

335 (4.1%)

Acute illness:

14-day medication use:
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3.9

SUMMARY: METHODOLOGY AND DESCRIPTIVE STATISTICS

Both the Bristol and South Wales datasets were broadly comparable in terms of sampling frame
and demographic characteristics. However, a number of differences between the two samples
were highlighted in the previous section, namely that response rates were slightly higher in the
Bristol sample and that the Bristol population contained more smokers, more males, fewer nonmanual workers, and a greater proportion of individuals reporting low educational attainment
and low income. Self reports of job stress and poor mental health were similar in both samples.
In terms of accident and injury outcomes, a number of differences between the two populations
emerged: incidence of work accidents and minor injuries was greater in the South Wales
sample, whereas cognitive failures were more frequent in the Bristol sample. Given the detailed
set of health outcomes studied, it was possible to identify geographic differences in reporting
incidence. Within the Bristol sample, higher reporting of acute minor illnesses (acute respiratory
tract infections) and chronic (within last 12 months) back pain and gastrointestinal
problems/depression was evident, whereas allergic symptoms (within the last 12 months) and
lifetime prevalence of CHD risk factors was proportionally higher within the South Wales
sample.
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4.
4.1

NEGATIVE OCCUPATIONAL FACTORS SCORE

OVERVIEW

The main aim of this report was to determine the influence of physical and psychosocial job
characteristics on health, accident and injury outcomes whilst controlling for individual
characteristics and demographic factors. It was hypothesised that the negative influence of job
characteristics would be greatest in combination. The following section outlines the calculation
of a composite variable designed to encompass a wide range of job characteristics, and the
pattern of effects subsequently observed on outcome measures. The influence of occupation,
current employment status, stress mediation and additional risk factors is also considered.

4.2

CALCULATION AND METHOD

A novel variable was calculated to be the main focus of the investigation. This was the negative
occupational factors (NOF) score. This was calculated based on mean scores for all individual
items within the Job Demand-Control-Support model (Karasek, 1979; Johnson & Hall, 1988),
the Effort-Reward Imbalance model (Siegrist, 1996) and specific items relating to working
hours (four items: shift work, night work, long/unsociable hours, unpredictable hours) and
exposure to workplace hazards (four items: background noise, ringing in the ears, exposure
to/inhalation of harmful substances, handling harmful substances). There were 53 items in total.
In order to reduce problems associated with missing data, mean scores were calculated across
the variables described above: this value was then multiplied by the number of items included in
the total score. A quartile split of this total NOF exposure variable was entered into a series of
logistic regression analyses in order to examine the impact on health (i.e. both physical and
psychological outcomes), accidents and injuries. Two different contrasts were used to analyse
the data: (a) the ‘indicator’ contrast and (b) the ‘repeated’ contrast. Where an indicator contrast
was used the tabulated odds ratios are compared to the lower quartile, here set as the reference
category. Repeated contrasts were used in order to determine whether apparent differences in
the magnitude of these odds ratios were actually significant different, each category (i.e.
quartile) except the first was compared to the previous category.

4.3

DESCRIPTIVE STATISTICS FOR SCORE ITEMS

The descriptive statistics for these items are presented in Tables 14, 15 and 16. All items were
coded 0-3 with 3 representing the most negative score. Except where noted with an asterisk, all
items are coded from 0-3 from left to right. The asterisk denotes that the item was coded in
reverse, 0-3 from right to left. Table 14 shows the descriptive statistics for the four physical
hazard items and the four working hours items.
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Table 14
Descriptive statistics for physical hazards and working hours items

Never

Seldom

Sometimes

Often

68.8%
70.1%
87.2%
64.6%

8.2%
8.7%
4.7%
10.9%

11.7%
12.4%
4.6%
16.5%

10.5%
8.0%
2.2%
6.7%

65.5%
79.0%
49.8%
58.0%

6.8%
1.9%
9.1%
10.5%

14.2%
3.8%
19.8%
17.9%

12.2%
13.5%
20.1%
12.5%

Physical hazards:
Exposure to fumes
Handling harmful substances
Ringing in ears
Background noise
Working hours:
Night work
Shift work
Long/unsociable hours
Unpredictable hours

Table 15 shows the descriptive statistics for all those items that make up the Job DemandControl-Support model. These are presented in groups according to the job demand, decision
latitude (i.e. control) and work social support subscales. Those marked with an asterisk had
reverse scoring, from 3-0 from left to right.
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Table 15
7
Descriptive statistics for job demand-control-support model items

Never

Seldom

Sometimes

Often

12.8%
11.1%
18.5%
29.8%

9.3%
9.2%
24.0%
19.2%

46.2%
41.2%
31.4%
36.0%

31.0%
37.5%
25.2%
13.8%

8.0%
10.0%
14.8%
14.9%
17.5%

9.1%
9.0%
15.4%
11.5%
16.2%

38.4%
33.3%
36.0%
32.0%
37.5%

43.7%
46.8%
32.7%
40.5%
27.8%

17.9%

18.2%

37.1%

25.5%

11.6%
11.1%
4.1%
7.3%
8.2%
33.6%
11.3%
25.2%
13.5%
11.9%
14.3%
29.1%
21.7%
53.1%
38.2%

9.7%
10.2%
4.9%
13.5%
11.2%
21.7%
8.3%
17.5%
14.7%
15.1%
11.9%
13.0%
8.1%
18.0%
18.7%

38.5%
28.8%
24.1%
34.2%
35.0%
33.3%
30.7%
32.1%
43.6%
31.9%
29.5%
27.8%
20.8%
16.3%
21.5%

39.6%
49.2%
66.1%
44.3%
44.9%
10.4%
49.0%
24.5%
27.2%
40.1%
43.1%
29.1%
48.3%
11.6%
20.6%

Job demand:
Work fast
Work intensively
Enough time*
Demands hard to combine
Work social support:
Help/support from colleagues*
Colleagues listen to problems*
Help/support from superior*
Superiors listen to problems*
Sufficient information from
management*
Consistent information from
management*
Decision latitude:
Learn new things*
High skill level*
Can take initiative*
Same thing over and over
Variety of interesting things*
Find job boring
Choice in HOW work*
Choice in WHAT work*
Others decide
Lot of say in decisions*
A say in work speed*
Flexible working time*
Decide when take break*
Choose who work with*
Say in planning work
environment*

Table 16 shows the descriptive statistics for all the items that make up the Effort-Reward
Imbalance model divided into the reward, extrinsic effort and intrinsic effort subscales.

7

This version of the Job-Demand-Control-Support model is taken from The Whitehall II Study (Bosma et
al., 1998; Kuper et al., 2002).
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Table 16
8
Descriptive statistics for effort-reward imbalance model items

Reward:
Have experienced/expect to
experience undesirable change
at work
Job promotions prospects are
poor
Job security is poor
Treated unfairly at work
Considering all efforts my work
prospects are adequate
Receive respect I deserve from
superiors/colleagues
Experience adequate support in
difficult situations
Considering all efforts I receive
the respect/prestige I deserve
Extrinsic effort:
Constant time pressure due to
heavy workload
Many interruptions/disturbances
Lots of responsibility
Under pressure to work
overtime

Intrinsic effort:
If task has to be done well,
better do it myself
Get very upset when hindered in
duties
As soon as get up start thinking
about work problems
When come home, can easily
relax and switch off from work
People close to me say I
sacrifice too much for my job
Work rarely lets me go, still on
mind when go to bed
Every so often like it when
others hold me back from work
If I postpone something I was
meant to do today, I will have
trouble sleeping at night

Not at all
distressed

Somewhat
distressed

Rather
distressed

Very
distressed

68.3%

13.8%

10.3%

5.3%

59.6%

17.7%

12.7%

13.4%

79.4%
86.3%
71.4%

9.0%
6.4%
9.7%

5.7%
3.1%
13.3%

3.0%
2.1%
2.3%

74.9%

8.0%

11.9%

2.0%

73.5%

9.0%

12.7%

1.8%

68.3%

10.8%

15.6%

2.2%

48.4%

32.5%

14.0%

3.1%

41.8%
48.1%
70.8%

36.9%
31.4%
16.6%

15.8%
14.8%
7.8%

3.3%
2.5%
2.6%

Disagree

Somewhat
disagree

Somewhat
agree

Agree

5.2%

10.7%

39.8%

43.1%

12.1%

18.9%

42.2%

25.6%

34.4%

22.1%

24.4%

17.9%

40.9%

27.2%

20.2%

10.8%

39.8%

20.6%

23.4%

14.9%

41.5%

22.7%

23.4%

11.4%

28.4%

21.0%

31.4%

17.1%

43.5%

22.0%

22.1%

11.3%

8

This version of the Effort-Reward Imbalance model is taken from The Whitehall II Study (Bosma et al.,
1998; Kuper et al., 2002).
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4.4

PATTERN OF EFFECTS

The negative occupational factors score produced a number of different patterns of association,
dependent on the outcome variable in question. These patterns are outlined in the following
sections.
4.4.1

Outcomes Not Associated With Negative Occupational Factors

There was no significant association of the negative occupational factors score with any of the
following outcomes:
·
·
·
·
·
·
·
·
·
·
·
·
·
·

GP visits (4 or more in the last 12 months)
Hospital inpatient visits (1 or more in the last 12 months)
Hospital outpatient visits (4 or more in the last 12 months)
Accidents outside work (in last 12 months)
Minor injuries outside work (in last 12 months)
Cognitive failures outside work (in last 12 months)
Lifetime prevalence of coronary heart disease risk factors
Lifetime prevalence of angina/myocardial infarction
Any cancer
Allergies in the last 12 months
Sciatica/lumbago/backache in the last 12 months
Currently smoking
Alcohol consumption above recommended limits
Use of psychotropic medication (in the last 14 days)
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4.4.2

Linear Impact of Negative Occupational Factors on Health, Accident and
injury Outcomes

Likelihood of reporting work-related stress, anxiety and acute psychological problems increases
significantly as a function of level of exposure to negative occupational factors (see Table 17).
Table 17
Linear association between negative occupational factors and mental health

Outcome

N

OR

95% CI

Work-related
stress

1890
1791
1890
1760

1st quartile
2nd quartile
3rd quartile
4th quartile

1.00
1.90
3.24
7.67

1.52 - 2.36
2.63 - 3.99
6.20 - 9.49

Probable
clinical anxiety

1872
1768
1863
1734

1st quartile
2nd quartile
3rd quartile
4th quartile

1.00
1.37
1.97
2.62

1.11 - 1.69
1.61 - 2.40
2.13 - 3.23

Psychological
health problems
in the last 14
days

1863
1755
1850

1st quartile
2nd quartile
3rd quartile
4th quartile

1.00
1.19
1.47
1.75

1.03 - 1.37
1.27 - 1.71
1.48 - 2.08

p
.0001
(df = 3)

.0001
(df = 3)

.0001
(df = 3)

OR = odds ratio, 95% CI = 95% confidence interval

4.4.3

Effects Associated with Exposure to Negative Occupational Factors at the
4th Quartile Only

Increased likelihood of reporting the following outcomes is associated with extreme exposure to
negative occupational factors (i.e. significant differences in the size of the odds ratios were
found at the fourth quartile only): depression, accidents at work, minor injuries at work, acute
upper respiratory tract infections, acute gastrointestinal problems and acute musculoskeletal
problems (see Table 18). This suggests a threshold effect of exposure to negative occupational
factors for these particular variables, in that the risk of reporting a negative outcome is only
significantly associated with very high exposure: low to moderate exposure to negative
occupational factors does not significantly increase the likelihood of reporting these health and
injury outcomes.
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Table 18
Threshold effect of negative occupational factors (extreme exposure only)

Outcome

N

Probable clinical
depression

1860
1752
1858
1715

1st quartile
2nd quartile
3rd quartile
4th quartile

1.00
1.04
1.17
1.55

0.78 - 1.39
0.88 - 1.55
1.16 - 2.07

Work-related accidents (in
previous 12 months)

1281
1353
1259
1178

1st quartile
2nd quartile
3rd quartile
4th quartile

1.00
1.14
1.32
1.71

0.82 - 1.60
0.94 - 1.86
1.20 - 2.43

Work-related minor
injuries (in previous 12
months)

1304
1363
1258
1196

1st quartile
2nd quartile
3rd quartile
4th quartile

1.00
1.14
1.42
1.82

0.85 - 1.52
1.06 - 1.89
1.35 - 2.45

Upper respiratory tract
infections in the last 14
days

1861
1754
1845
1702

1st quartile
2nd quartile
3rd quartile
4th quartile

1.00
1.05
1.03
1.36

0.91 - 1.20
0.89 - 1.18
1.16 - 1.58

Gastrointestinal problems
in the last 14 days

1864
1760
1850
1708

1st quartile
2nd quartile
3rd quartile
4th quartile

1.00
1.05
1.13
1.47

0.86 - 1.28
0.93 - 1.38
1.20 - 1.82

Backache or pains in the
back in the last 14 days

1872
1771
1864
1739

1st quartile
2nd quartile
3rd quartile
4th quartile

1.00
1.01
1.08
1.28

4.4.4

OR

95% CI

0.87 - 1.17
0.93 - 1.25
1.09 - 1.50

p
.005
(df = 3)

.02
(df = 3)

.0001
(df = 3)

.0001
(df = 3)

.0001
(df = 3)

.009
(df = 3)

Effects Associated with Exposure to Negative Occupational Factors at the
2nd and 4th Quartiles Only

The likelihood of reporting chronic lower respiratory tract symptoms, acute lower respiratory
tract symptoms and 12 month gastrointestinal problems/depression increases significantly where
exposure to negative factors is moderate (i.e. second quartile). However, the likelihood of
reporting these negative health outcomes is not increased again significantly until exposure
reaches extreme (i.e. fourth quartile) levels. This is shown in Table 19.
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Table 19
Effects of moderate (2nd quartile) and extreme exposure (4th quartile) to NOF

4.4.5

Outcome
Symptoms of lower
respiratory tract
problems in the last 14
days

N
1863
1760
1848
1706

1 quartile
2nd quartile
3rd quartile
4th quartile

OR
1.00
1.41
1.41
1.83

1.15 - 1.72
1.15 - 1.72
1.49 - 2.26

Lifetime prevalence of
respiratory disease

1852
1754
1841
1696

1st quartile
2nd quartile
3rd quartile
4th quartile

1.00
1.26
1.25
1.47

1.06 - 1.51
1.04 - 1.49
1.21 - 1.79

Gastrointestinal
problems and/or
depression in the last
12-months

1854
1743
1834
1699

1st quartile
2nd quartile
3rd quartile
4th quartile

1.00
1.40
1.47
1.73

st

95% CI

1.19 - 1.64
1.24 - 1.73
1.45 - 2.06

p
.0001
(df = 3)

.001
(df = 3)

.0001
(df = 3)

Effects Associated with Exposure to Negative Occupational Factors at the
2nd Quartile Only

Increased use of 14 day pain relief/digestion medication is associated with moderate exposure to
negative occupational factors. Individuals within the second quartile are more likely to report
use of this type of medication than those in the reference category (i.e. low exposure to negative
occupational factors). However, use of medication does not continue to increase with greater
exposure to negative factors. This is shown in Table 20.
Table 20
Effects of exposure to NOF at 2nd quartile only

4.4.6

Outcome

N

Medication for pain relief
and/or digestion problems
in the last 14 days

1843
1714
1790
1654

1st quartile
2nd quartile
3rd quartile
4th quartile

OR

95% CI

1.00
1.26
1.20
1.34

1.05 - 1.50
0.99 - 1.44
1.10 - 1.63

p
.006
(df = 3)

Absence of Observable Effects

For cognitive failures, although odds ratios appear to increase with each quartile of the negative
occupational factors score, contrasts did not reveal any significant differences between
categories. Although significant overall, no particular pattern of results was observed for sick
leave (in the last 12 months) either.
4.4.7

Alternative Calculation of Negative Occupational Factors Score

It may have been argued that these findings simply reflected the way the negative occupational
factors (NOF) score was calculated. To investigate whether this was true, an alternative score
was calculated using a different method. This method was to sum the factor scores that were
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created when all the items from which the NOF score was calculated were included in
exploratory factor analysis. This approach actually increased the significance of the effects, yet
decreased the size of the odds ratios and narrowed the confidence intervals; the nature of the
association between the variables was not however altered. Table 21 shows a comparison
between the association of the original and alternative NOF score outcomes for work stress.
Table 21
Alternative calculation of NOF score and work stress

4.4.8

Outcome

N

Original
calculation

1890
1791
1890
1760

Alternative
calculation

1508
1507
1522
1498

OR

95% CI

1st quartile
2nd quartile
3rd quartile
4th quartile

1.00
1.90
3.24
7.67

1.52 – 2.36
2.63 – 3.99
6.20 – 9.49

1st quartile
2nd quartile
3rd quartile
4th quartile

1.00
1.71
2.87
6.00

1.36 – 2.17
2.29 – 3.58
4.79 – 7.53

P
.006
(df = 3)

.0001
(df = 3)

Summary: Pattern of Effects Demonstrated by the NOF Score

No significant effects of the NOF score were found for a number of health and health-related
behaviour outcomes (e.g. smoking, alcohol consumption, lifetime prevalence of cancer, hospital
visits, chronic back pain). However, the NOF score demonstrated a number of different types of
effect dependent upon outcome measures. These can be summarised as follows: linear effects
were observed for stress, anxiety and acute psychological problems; depression, acute health
problems and accidents and minor injuries at work were more likely in the 4th quartile of NOF;
respiratory problems (acute and chronic) and 12 month gastrointestinal problems/depression
were associated with moderate and extreme exposure to NOF (i.e. significant effects were
observed at the 2nd and 4th quartiles of NOF) and 14 day use of pain relief/digestion medication
was associated with exposure to NOF at the 2nd quartile only. Although significant overall, no
particular pattern of effects was observable for cognitive failures and sick leave within the last
12 months. Alternative calculation of the NOF score did not affect the pattern of results
described above.

4.5

NEGATIVE OCCUPATIONAL FACTORS AND EMPLOYMENT TYPE

The negative occupational factors score was stratified by occupational type (see section 4.5.1)
and current employment status (see section 4.5.2) in order to determine whether the effects of
NOF described previously could be generalised across a range of occupations and employment
categories (e.g. self-employed or employee).
4.5.1

Negative Occupational Factors and Standard Occupational Classification
Major Groups

It was important to address the question: to what extent are these identified effects global in
relation to the occupation of the individual? The NOF score that was used as a predictor in
quartiles was used to derive a novel 36-category variable, which was the quartiled NOF score
stratified by the standard occupational classification major groups variable. This was a 9-
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category variable that enabled individuals' occupations to be categorised from a job title and
brief description. The categories were as follows:
·
·
·
·
·
·
·
·
·

Managers and administrators
Professional occupations
Associate professional and technical occupations
Clerical and secretarial occupations
Craft and related occupations
Personal and protective service occupations
Sales occupations
Plant and machine operatives
Other occupations

Analyses were then repeated using this new variable. This approach was only useful when the
outcome had been reported in a substantial proportion of the sample: work-related stress,
probable clinical anxiety and upper respiratory tract infections (URTI’s) are examples of
outcomes that were considered as prevalent enough to warrant this analysis.
The majority of outcomes did not reveal effects related to specific occupations. This could
partially be explained by the large number of categories and relatively low prevalence of
outcomes. However, there were some effects of interest. Those in ‘craft and related occupations’
were more likely (than the overall effect of the variable) to have had URTI’s in the last 14 days
in the 3rd and 4th quartiles of the NOF score; prescribed medication for pain relief and/or
digestion problems was more likely in the 4th quartile of the NOF score; prescribed medication
for psychosomatic problems was more common in the 4th quartiles of both ‘professional
occupations’ and ‘clerical and secretarial occupations’.
The most interesting findings were found when looking at work-related stress and probable
clinical anxiety. These are described below9.
Work-related Stress

Workers in the 4th quartile of the NOF score for all occupational groups were associated with
effects significantly greater than the overall effect of the variable for all 9 categories. This is
shown in Table 22 on the following page.
Probable Clinical Anxiety

A similar pattern to that demonstrated for work-related stress was seen for probable clinical
anxiety. However, here it was limited to the first five occupational groups only (i.e. managers
and administrators, professional occupations, associate professional and technical occupations,
clerical and secretarial occupations, and craft and related occupations).

9

NB. Tabulated odds ratios compare each category to the overall effect in this instance, this is called a
‘deviation contrast’. This is useful as it demonstrates which categories have an effect greater than the
average effect of all categories. It is also useful where is perhaps difficult to define the reference category.
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Table 22
Negative occupational factors, occupational group and work-related stress

Occupational group

N

OR

95% CI

Managers and
administrators

210
177
172
167

1st quartile
2nd quartile
3rd quartile
4th quartile

0.43
0.70
1.17
2.85

0.26 - 0.69
0.46 - 1.07
0.80 - 1.72
2.03 - 3.98

Professional
occupations

166
158
168
178

1st quartile
2nd quartile
3rd quartile
4th quartile

0.50
0.65
1.27
2.60

0.30 - 0.83
0.40 - 1.03
0.87 - 1.85
1.87 - 3.60

Associate
professional and
technical
occupations

178
156
177
137

1st quartile
2nd quartile
3rd quartile
4th quartile

0.35
0.66
1.38
2.89

0.20 - 0.61
0.41 - 1.06
0.97 - 1.98
2.00 - 4.16

Clerical and
secretarial
occupations

181
163
169
175

1st quartile
2nd quartile
3rd quartile
4th quartile

0.34
0.58
1.43
2.43

0.19 - 0.61
0.36 - 0.95
0.99 - 2.07
1.75 - 3.39

Craft and related
occupations

70
83
78
93

1st quartile
2nd quartile
3rd quartile
4th quartile

0.26
0.84
1.17
3.13

0.09 - 0.72
0.45 - 1.56
0.67 - 2.05
2.02 - 4.85

Personal and
protective service
occupations

109
98
116
107

1st quartile
2nd quartile
3rd quartile
4th quartile

0.44
1.23
1.50
2.82

0.23 - 0.84
0.75 - 2.02
0.97 - 2.33
1.86 - 4.27

Sales occupations

64
86
76
71

1st quartile
2nd quartile
3rd quartile
4th quartile

0.42
0.52
0.86
3.96

0.18 - 1.02
0.27 - 1.04
0.46 - 1.59
2.39 - 6.56

Plant and machine
operatives

65
59
70
58

1st quartile
2nd quartile
3rd quartile
4th quartile

0.39
1.19
0.89
3.59

0.14 - 1.04
0.64 - 2.22
0.47 - 1.68
2.08 - 6.20

Other occupations

55
68
68
72

1st quartile
2nd quartile
3rd quartile
4th quartile

0.44
0.50
0.87
3.85

0.18 - 1.09
0.21 - 1.19
0.46 - 1.65
2.35 - 6.30

60

p

.0001
(df = 36)

4.5.2

Negative Occupational Factors and Current Employment Status

The negative occupational factors score (NOF) was also stratified by current employment status,
in order to determine potential differences between self-employed individuals, managers,
supervisors and employees. This 16-category novel variable served as an independent predictor
in the regression model, for all outcomes associated with the original NOF score. A number of
effects were observed: these are grouped according to their pattern and are described below.
Non-Significant Effects of NOF by Current Employment Status

When stratified by employment category, the NOF score no longer demonstrated significant
associations with the following outcomes:
·
·
·
·
·

Probable clinical depression
Work-related accidents (in previous 12 months)
Cognitive failures (in previous 12 months)
Use of pain relief/digestion medication (in last 14 days)
Use of psychotropic medication (in last 14 days)

NOF Effects Independent of Current Employment Status

The influence of the NOF score on work-related stress was found to be independent of current
employment status. Odds ratios and confidence intervals where each category was compared to
the overall effect using a deviation contrast are shown in Table 23.
Table 23
NOF by current employment status and work-related stress

Current employment
status
Self-employed

Manager

N

OR

95% CI

205
223
225
185

1st quartile
2nd quartile
3rd quartile
4th quartile

0.32
0.68
1.23
2.79

0.19 - 0.54
0.47 - 0.99
0.90 - 1.68
2.06 - 3.78

403
333
330
262

1st quartile
2nd quartile
3rd quartile
4th quartile

0.44
0.91
1.71
3.92

0.32 - 0.60
0.70 - 1.19
1.35 - 2.17
3.02 - 5.08

st

Supervisor

147
182
186
182

1 quartile
2nd quartile
3rd quartile
4th quartile

0.42
0.67
1.08
2.96

0.24 - 0.74
0.44 - 1.01
0.76 - 1.53
2.18 - 4.02

Employee

1042
952
1046
1028

1st quartile
2nd quartile
3rd quartile
4th quartile

0.35
0.60
1.06
2.50

0.27 - 4.02
0.48 - 0.74
0.89 - 1.26
2.13 - 2.94
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p

.0001
(df = 16)

Deviation contrasts showed that work-related stress was more likely than the overall variable in
the upper quartile of the NOF score for those who were self-employed, supervisors and
employees. For managers, stress was more likely than the overall variable in the 3rd and 4th
quartiles of the NOF score. Stress was least likely in the 1st and 2nd quartiles for the selfemployed, supervisors and employees, and in the 1st quartile for managers. A similar pattern of
results was observed for probable clinical anxiety and acute (i.e. in the last 14 days) lower
respiratory symptoms: these outcomes were more likely than the overall variable to be reported
in the upper quartile of the NOF score.
NOF Effects Dependent on Employment Status: Acute Back Pain

Acute back pain was most likely to be reported in the upper quartile of the NOF score for selfemployed individuals and managers only (this outcome was least likely to be reported amongst
managers in the lower quartile of NOF). Odds ratios and confidence intervals where each
category was compared to the overall effect using a deviation contrast are shown in Table 24.
Table 24
NOF by current employment status and acute back pain

Current employment
status
Self-employed

N

OR

95% CI

201
221
220
184

1st quartile
2nd quartile
3rd quartile
4th quartile

0.76
0.88
0.89
1.55

0.55 - 1.04
0.67 - 1.17
0.67 - 1.17
1.17 - 2.07

Manager

398
331
329
259

1st quartile
2nd quartile
3rd quartile
4th quartile

0.75
0.97
1.09
1.30

0.59 - 0.95
0.76 - 1.22
0.87 - 1.37
1.01 - 1.67

Supervisor

146
181
184
180

1st quartile
2nd quartile
3rd quartile
4th quartile

1.32
0.93
1.01
0.99

0.95 - 1.83
0.69 - 1.27
0.75 - 1.36
0.73 - 1.33

Employee

1037
943
1030
1015

1st quartile
2nd quartile
3rd quartile
4th quartile

0.93
0.89
0.96
1.10

0.80 - 1.08
0.76 - 1.03
0.83 - 1.11
0.95 - 1.27

p

.02
(df = 16)

Additional NOF Effects Dependent on Employment Status

A number of other effects dependent on employment status were observed. Gastrointestinal
problems and/or depression (in the previous 12 months) were more prevalent amongst the selfemployed and those classified as employees (in the upper quartile of NOF). A similar pattern
was observed for acute (in the last 14 days) gastrointestinal problems, although an additional
effect for managers was also evident. Acute (in the last 14 days) upper respiratory tract
infections and chronic (i.e. lifetime prevalence) respiratory disease were most likely amongst
self-employed individuals within the upper quartile of the NOF score. Incidence of acute
psychological problems was highest amongst managers and employees in the upper quartile of
NOF, whereas sick leave was most likely to be reported amongst employees in the upper
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quartile of NOF and supervisors in the 1st and 3rd quartiles of NOF. Minor injuries were most
likely to be reported by employees in the upper quartile of NOF.
4.5.3

Summary: Effects of the Negative Occupational Factors Score Stratified
by Occupation and Employment Status

It appears unlikely that the effects demonstrated by the NOF are occupation-specific. The
impact of NOF on work-related stress, anxiety and acute lower respiratory symptoms was found
to be independent of current employment status. The effect of the NOF score on a number of
other outcomes did vary according to employment status, for example: acute back pain was
most likely to be reported amongst self-employed individuals and managers in the upper
quartile of the NOF score.

4.6

STRESS MEDIATION AND NEGATIVE OCCUPATIONAL FACTORS

Of all the outcomes previously analysed, it was clear that work-related stress was most strongly
associated with the negative occupational factors score. In order to determine whether the
influence of the negative occupational factors score was simply a reflection of perceived workrelated stress, each quartile of the score was re-classified according to individuals who were
either high or low on stress. This eight category variable then served as the independent
predictor in the regression model outlined previously. Two different contrasts were used: the
tabulated odds ratios present analyses where the lower quartile was set as the reference category
(i.e. an indicator contrast). In order to determine whether apparent differences in the magnitude
of these odds ratios were significant, each category except the first was also compared to the
previous category (i.e. a repeated contrast).
4.6.1

No Evidence of Stress Mediation

There were no significant differences between the odds ratios for the high and low stress groups
for the following outcomes:
·
·
·
·

Probable clinical depression
Acute psychological problems
Lifetime prevalence of respiratory disease
Symptoms of lower respiratory tract problems in the last 14 days

The significant impact of negative occupational factors on these outcomes therefore appears to
be independent of work-related stress. Other outcomes showed patterns of effects that were
influenced by high and low stress in different ways. These are presented in turn below, grouped
by the pattern seen.
4.6.2

Stress Mediation Effect in the Upper Quartile Only

Four of the outcomes showed significant differences between the odds ratios for the high and
low stress groups for the upper quartile of NOF scores only. These were as follows:
·
·
·
·

Musculoskeletal problems in the last 14 days
Gastrointestinal problems in the last 14 days
Work-related cognitive failures
Work-related minor injuries
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This showed that stress exacerbated the likelihood of these outcomes being reported where the
individuals NOF score was in the top 25% also. Table 25 gives an example of this effect using
an indicator contrast with the 1st quartile of the NOF score and low stress group set as the
reference category.
Table 25
NOF score stratified by work-stress and work-related minor injuries

1st quartile – low stress
1st quartile – high stress
2nd quartile – low stress
2nd quartile – high stress
3rd quartile – low stress
3rd quartile – high stress
4th quartile – low stress
4th quartile – high stress

N

OR

95% CI

1211
93
1185
178
964
294
717
479

1.00
1.14+
1.13
1.39+
1.44
1.64+
1.73
2.43*

0.49 - 2.36
0.84 - 1.54
0.79 - 2.45
1.06 - 1.95
1.06 - 2.55
1.25 - 2.39
1.70 - 3.46

p
.0001
(df = 7)

+ High stress groups not significantly different to low stress groups
* High stress groups significantly different to low stress groups

4.6.3

Stress Mediation Effect in All Except the Lowest Quartile

One outcome, (probable) clinical anxiety, showed significant differences between the odds
ratios for the high and low stress groups for all quartiles except the lowest. High stress
exacerbated the likelihood of anxiety being reported for all quartiles except the lowest (see
Table 26).
Table 26
NOF score stratified by work-stress and clinical anxiety

1st quartile – low stress
1st quartile – high stress
2nd quartile – low stress
2nd quartile – high stress
3rd quartile – low stress
3rd quartile – high stress
4th quartile – low stress
4th quartile – high stress

N

OR

95% CI

1773
99
1545
223
1452
411
1030
704

1.00
0.97+
1.31
2.36*
1.95
2.93*
2.39
4.55*

0.50 - 1.89
1.05 - 1.63
1.63 - 3.42
1.58 - 2.41
2.20 - 3.89
1.91 - 3.00
3.57 - 5.81

p
.0001
(df = 7)

+ High stress groups not significantly different to low stress groups
* High stress groups significantly different to low stress groups

4.6.4

Stress Mediation Effect in the Lowest Quartile Only

One outcome showed significant differences between the odds ratios for the high and low stress
groups for the lowest quartile only. This was use of painkillers/digestion medication in the last
14 days. Here the mediating effect of stress was only apparent in the lowest quartile of the NOF
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score: high stress but low NOF was associated with being more likely to use such medication.
An example is shown in Table 27 below.
Table 27
NOF score stratified by work-stress and painkillers/digestion medication

1st quartile – low stress
1st quartile – high stress
2nd quartile – low stress
2nd quartile – high stress
3rd quartile – low stress
3rd quartile – high stress
4th quartile – low stress
4th quartile – high stress

N

OR

95% CI

1744
99
1496
218
1388
402
974
680

1.00
1.73*
1.28
1.60+
1.25
1.36+
1.42
1.55+

1.06 - 2.83
1.06 - 1.54
1.12 - 2.28
1.03 - 1.52
1.02 - 1.81
1.14 - 1.76
1.22 - 1.96

p
.0001
(df = 7)

+ High stress groups not significantly different to low stress groups
* High stress groups significantly different to low stress groups

4.6.5

Other Stress Mediation Effects

There were a variety of other effects of stress mediation on individual outcome items. These
effects are summarised here. The gastrointestinal problems and/or depression in the last 12
months outcome was associated with a stress-mediated pattern in the upper and lower quartiles
only. The effect was not apparent in quartiles 2 and 3. Lifetime occurrence of CHD risk factors
were associated with stress mediation in quartiles 1 and 3 only. The upper respiratory tract
infections in the last 14 days outcome was associated with stress mediation in quartiles 2 and 4
only. These effects of stress mediation were more difficult to interpret.
4.6.6

Effects That Only Became Apparent When Stress Mediation Investigated

On occasion, certain of the considered outcome items that did not show significant associations
with the NOF score previously, did so when stratified by high or low stress exposure. These
were:
·
·

GP visits in the previous 12 months
Currently smoking

For GP visits, the stress-mediated effect showed that high stress groups were more likely to
have visited their GP's surgery 4 or more times in the previous 12 months in the upper and
lower quartiles of the NOF score only. For the smoking outcome, high stress was likely to
increase the likelihood of the individual being a current smoker for those categorised in quartiles
1, 2 and 3. For those individuals in the top quartile there was no difference in the odds ratios for
the high and low stress groups.
4.6.7

Summary: Negative Occupational Factors And Stress Mediation

Each quartile of the NOF score was stratified according to high or low work stress in order to
determine whether the significant influence of the total score simply reflected self-reports of
stress. Where this 8-category variable served as an independent predictor in the regression
model, a number of patterns emerged. These can be summarised as follows: no effects of stress
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mediation were evident for depression, acute psychological problems, lifetime prevalence of
respiratory disease or acute (i.e. in the last 14 days) lower respiratory tract problems; likelihood
of reporting acute back pain and gastrointestinal problems, cognitive failures and minor injuries
increased as a function of stress for individuals in the upper quartile of the NOF score only; the
relationship between level of NOF exposure and anxiety was mediated by stress and high stress
and low NOF exposure was associated with increased use of painkillers/digestion medication (in
the last 14 days).
A number of inconsistent effects on other outcome variables were found, although these are
difficult to interpret. Two outcomes not previously associated with negative occupational factors
demonstrated a significant relationship with the total score when stratified by stress: GP visits
(in the previous 12 months) and smoking.

4.7

EXPOSURE TO KEY OUTCOMES IN CONJUNCTION WITH OTHER RISK
FACTORS

Additional risk factors for all outcomes are shown in Appendix I. These were additionally
significant variables from amongst the covariates in the multivariate models. These were used to
derive novel multilevel variables that reflected the quartile of the negative occupational factors
(NOF) score that the individual’s score fell into plus the number of additional identified risk
factors. Certain categories were collapsed if the N was small in the newly derived variable.
4.7.1

Work-Minor Injuries

There were four additional risk factors for work-minor injuries. These were: being a female
working full-time, being aged 25 or under, being a manual worker and finding work stressful.
Table 28 shows the newly derived variable. It was clear that odds ratios increased both as a
function of the quartile of the NOF score and the number of additional risk factors10. Comparing
each category to the overall effect of the variable revealed that without the addition of risk
factors the odds ratios for each category were not greater than the overall effect of the variable.
With the addition of only one risk factor, those in the 3rd or 4th quartiles of the NOF score had
odds ratios greater than the overall effect of the variable; with the addition of two or more risk
factors this was the case for all those in the 2nd, 3rd and 4th quartiles of the NOF score.

10

Tabulated odds ratios compare each category first to the reference (i.e. an indicator contrast), and
secondly to the overall effect (i.e. a deviation contrast).
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N

NOF + risk factor

OR

95% CI

p

Indicator contrast

627
494
374
239
635
767
685
615
169
257
336
490

1st quartile + 0 risk factors
2nd quartile + 0 risk factors
3rd quartile + 0 risk factors
4th quartile + 0 risk factors
1st quartile + 1 risk factor
2nd quartile + 1 risk factor
3rd quartile + 1 risk factor
4th quartile + 1 risk factor
1st quartile + 2 or more risk factors
2nd quartile + 2 or more risk factors
3rd quartile + 2 or more risk factors
4th quartile + 2 or more risk factors

1.00
2.73
5.98
11.11
5.24
7.13
11.04
13.99
9.75
14.67
15.97
21.80

1.11 - 6.72
2.56 - 13.95
4.79 - 25.75
2.33 - 11.81
3.25 - 15.66
5.08 - 24.01
6.45 - 30.33
3.99 - 23.83
6.48 - 33.21
7.20 - 35.40
10.08 - 47.17

p .0001
(df = 11)

Deviation contrast

Table 28
Negative occupational factors, other ‘risk’ factors and work-minor injuries

627
494
374
239
635
767
685
615
169
257
336
490

1st quartile + 0 risk factors
2nd quartile + 0 risk factors
3rd quartile + 0 risk factors
4th quartile + 0 risk factors
1st quartile + 1 risk factor
2nd quartile + 1 risk factor
3rd quartile + 1 risk factor
4th quartile + 1 risk factor
1st quartile + 2 or more risk factors
2nd quartile + 2 or more risk factors
3rd quartile + 2 or more risk factors
4th quartile + 2 or more risk factors

0.13
0.35
0.77
1.42
0.67
0.91
1.41
1.79
1.25
1.88
2.04
2.79

0.06 - 0.25
0.22 - 0.57
0.52 - 1.14
0.97 - 2.09
0.48 - 0.93
0.70 - 1.20
1.11 - 1.81
1.41 - 2.27
0.78 - 2.00
1.34 - 2.63
1.52 - 2.74
2.21 - 3.52

4.7.2

p .0001
(df = 12)

Work-Related Stress

Another given example is work-related stress. There were more additional risk factors here, ten
in all. As seen with the work-minor injuries outcome, odds ratio increased as a function of the
number of additional risk factors and the quartile of the NOF score the individual was in.
Comparing the effect of each category to the overall effect of the variable reinforced the finding
that risk increased as both a function of the NOF score and the number of additional risk factors.
This is shown in Table 29.
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N

NOF + risk factor

OR

95% CI

p

Indicator contrast

586
641
662
606
573
481
474
404
468
404
416
367
263
265
338
383

1st quartile + 0-2 risk factors
2nd quartile + 0-2 risk factors
3rd quartile + 0-2 risk factors
4th quartile + 0-2 risk factors
1st quartile + 3 risk factor
2nd quartile + 3 risk factors
3rd quartile + 3 risk factors
4th quartile + 3 risk factors
1st quartile + 4 risk factors
2nd quartile + 4 risk factors
3rd quartile + 4 risk factors
4th quartile + 4 risk factors
1st quartile + 5 or more risk factors
2nd quartile + 5 or more risk factors
3rd quartile + 5 or more risk factors
4th quartile + 5 or more risk factors

1.00
3.13
7.31
17.77
4.03
9.44
16.21
36.51
3.91
14.08
21.27
59.46
8.53
20.32
50.92
138.19

1.48 - 6.65
3.62 - 14.76
8.96 - 36.25
1.92 - 8.46
4.65 - 19.19
8.10 - 32.45
18.36 - 72.60
1.82 - 8.38
6.96 - 28.46
10.63 - 42.56
29.88 - 118.32
4.00 - 18.17
9.95 - 41.53
25.51 - 101.64
69.22 - 275.90

p .0001
(df = 15)

Deviation contrast

Table 29
Negative occupational factors, other ‘risk’ factors and work-related stress

586
641
662
606
573
481
474
404
468
404
416
367
263
265
338
383

1st quartile + 0-2 risk factors
2nd quartile + 0-2 risk factors
3rd quartile + 0-2 risk factors
4th quartile + 0-2 risk factors
1st quartile + 3 risk factor
2nd quartile + 3 risk factors
3rd quartile + 3 risk factors
4th quartile + 3 risk factors
1st quartile + 4 risk factors
2nd quartile + 4 risk factors
3rd quartile + 4 risk factors
4th quartile + 4 risk factors
1st quartile + 5 or more risk factors
2nd quartile + 5 or more risk factors
3rd quartile + 5 or more risk factors
4th quartile + 5 or more risk factors

0.08
0.24
0.56
1.35
0.31
0.72
1.24
2.78
0.30
1.07
1.62
4.53
0.65
1.55
3.88
10.53

0.04 - 0.14
0.17 - 0.34
0.44 - 0.71
1.11 - 1.65
0.22 - 0.43
0.55 - 0.93
0.99 - 1.54
2.27 - 3.41
0.21 - 0.43
0.84 - 1.38
1.30 - 2.02
3.68 - 5.57
0.45 - 0.93
1.18 - 2.04
3.13 - 4.81
8.48 - 13.07

4.7.3

p .0001
(df = 16)

Summary of Effects: Exposure To Key Outcomes In Conjunction With
Other Risk Factors

Four additional risk factors were identified for minor injuries at work: being a female working
full-time, being aged 25 or under, being a manual worker and finding work stressful. Ten
additional risk factors were identified for work-related stress: being a female working full-time,
being aged over 40, having a greater income, having a higher degree, being a non-manual
worker, being married or cohabiting, finding life stressful, having bad health in the last 12
months, being non-white and having a higher GHQ score. It is evident that both minor injuries
and work-related stress increased not only as a function of the NOF score, but also as a function
of the number of additional risk factors exposed to.
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5.

5.1

FURTHER ANALYSIS OF NEGATIVE OCCUPATIONAL
FACTORS: NOF SCORE COMPONENTS
OVERVIEW

The following chapter details the methodology for a more detailed analysis of the negative
occupational factors score. The score was broken down into its' constituent parts (i.e. job
demand-control-support, effort-reward imbalance and exposure to hazards/working hours)
which were then examined in terms of their relative influence on the outcome measures.
Significant associations with outcomes are classified according to whether all three components,
two components or a single component of the NOF score resulted in increased risk of reporting.

5.2

METHODOLOGY

In order to further investigate the influence of negative occupational factors on the outcomes,
the total score was broken down into its' constituent parts, namely the Job Demand-ControlSupport (JDCS) model (Karasek, 1979; Johnson & Hall, 1988), the Effort-Reward Imbalance
(ERI) model (Siegrist, 1996) and specific items relating to working hours/exposure to
workplace hazards. Three separate variables were then created to reflect these components.
5.2.1

Job Demand, Control and Social Support

Three novel scores were created to reflect the sub-components of job demand, decision latitude
(i.e. control) and social support. In order to create these scores, the mean value was multiplied
by the number of items within the sub-component (NB: this was based on the scoring used for
sub-scales within the JDCS model: see Table 15 for a list of items and descriptive statistics).
Median splits of these sub-components were then combined, in order that all possible
permutations of demands, decision latitude and support (eight in total) could be examined in
terms of their effects on outcome measures. These combinations are listed below:
·
·
·
·
·
·
·
·
5.2.2

Low demand, high social support, high decision latitude
Low demand, low social support, high decision latitude
Low demand, high social support, low decision latitude
High demand, high social support, high decision latitude
High demand, high social support, low decision latitude
High demand, low social support, high decision latitude
Low demand, low social support, low decision latitude
High demand, low social support, low decision latitude
Effort-Reward Imbalance

Factor scores were created based on items comprising the three sub-scales of the ERI model:
intrinsic effort, extrinsic effort and reward (NB: specific items and descriptive statistics are
presented in Table 16). Factor scores were calculated using the same method described above.
Median splits of these scores were then combined in order that all possible permutations of
effort and reward (again, eight in total) could be examined in terms of their effects on outcome
measures. These combinations are listed below:
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·
·
·
·
·
·
·
·
5.2.3

Low extrinsic effort, low intrinsic effort, high reward
Low extrinsic effort, high intrinsic effort, high reward
Low extrinsic effort, low intrinsic effort, low reward
High extrinsic effort, low intrinsic effort, high reward
High extrinsic effort, low intrinsic effort, low reward
High extrinsic effort, high intrinsic effort, high reward
Low extrinsic effort, high intrinsic effort, low reward
High extrinsic effort, high intrinsic effort, low reward
Working Hours and Exposure to Hazards

Two factor scores were created (as above): one to reflect exposure to undesirable working hours
(i.e. night and shift work, long/unsociable hours and unpredictable hours) and one to reflect
exposure to harmful materials and noise (i.e. exposure to hazards, handling hazards, background
noise and ringing in the ears: descriptive statistics for each item are shown in Table 14). Median
splits of these scores were then summed in order that the combined effects of working hours and
hazards on outcomes could be examined. Levels of this variable are listed below:
·
·
·
·
5.2.4

Low exposure to noise/hazards and working hours
Low exposure to noise/hazards and a high working hours score
High exposure to noise/hazards and a low working hours score
High exposure to noise/hazards and working hours
Analytic Strategy

The three variables that represented the constituent parts of the negative occupational factors
score served as predictors (together in a single model) in a series of regression analyses, where
health, injury and accident variables served as the outcome measures. A number of demographic
items were also included in the model (NB: see Chapter 2 for a comprehensive list of dependent
variables and demographic covariates). Outcome measures are grouped according to the
particular type of effect demonstrated by the three independent predictors (i.e. whether the
outcome measure was significantly influenced by all three predictors, two predictors or a single
predictor only).
5.2.5

Negative Occupational Factors: Individual Components Vs. All Three
Components In The Multivariate Model

Multiple Components of the NOF Score

All three components were included in these multivariate models. This was to limit the spurious
findings that could be expected if analyses were conducted with each component included
separately. Analysis of the frequent work-minor injuries outcome is used here to give an
example of this. When the negative occupational factors score (NB: divided into quartiles) was
used, those in the 4th quartile were significantly more likely to have reported frequent workminor injuries (i.e. a threshold effect). Looking at the components separately suggested that both
job demand-control-support and hazards/working hours were significantly associated with the
outcome. However, including all three components simultaneously demonstrated that job
demand-control-support was no longer associated with the outcome. The association was no
longer apparent and could be seen to have been more appropriately due to the hazards/working
hours component. These data are shown in Table 30 below. In this example effort-reward
imbalance was non-significant with both approaches.
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Table 30
JDCS, exposure to hazards/working hours and frequent work-minor injuries

N

OR

95% CI

0.67 - 1.65
0.67 - 1.53
0.78 - 1.74
1.06 - 2.35
1.00 - 2.21
0.69 - 1.55
1.11 - 2.32

Job demandcontrolsupport
(entered
without
hazards/
working hrs)

626
456
578
750
499
738
605
862

Low JD, high SS, high DL
Low JD, low SS, high DL
Low JD, high SS, low DL
High JD, high SS, high DL
High JD, high SS, low DL
High JD, low SS, high DL
Low JD, low SS, low DL
High JD, low SS, low DL

1.00
1.05
1.01
1.17
1.58
1.49
1.03
1.61

Job demandcontrolsupport
(entered with
ERI &
hazards/
Working hrs)

614
446
576
746
494
728
588
851

Low JD, high SS, high DL
Low JD, low SS, high DL
Low JD, high SS, low DL
High JD, high SS, high DL
High JD, high SS, low DL
High JD, low SS, high DL
Low JD, low SS, low DL
High JD, low SS, low DL

1.00
1.05
1.03
1.06
1.39
1.28
1.06
1.35

0.67 - 1.66
0.68 - 1.56
0.71 - 1.60
0.93 - 2.09
0.86 - 1.93
0.70 - 1.60
0.92 - 1.99

Hazards/
working
hours
(entered
without
JDCS)

1882
1000
929
1298

Low hazards, low work hrs
Low hazards, high work hrs
High hazards, low work hrs
High hazards, high work hrs

1.00
1.31
1.67
2.38

0.98 - 1.74
1.27 - 2.20
1.86 - 3.06

Hazards/
working
hours
(entered with
JDCS &
ERI)

1861
986
913
1283

Low hazards, low work hrs
Low hazards, high work hrs
High hazards, low work hrs
High hazards, high work hrs

1.00
1.26
1.57
2.22

0.94 - 1.69
1.19 - 2.08
1.72 - 2.87

p
.05
(df = 7)

.493
(df = 7)

.0001
(df = 3)

.0001
(df = 3)

JD = Job demand, SS = Social support, DL = Decision latitude

Single Components of the NOF Score

The rationale for including all three potential predictors of negative outcomes in the model is
outlined above. However, all of the regression analyses described in this report were repeated,
where a single predictor (i.e. just one of the negative occupational factors score subcomponents)
was entered into the model, in order to determine whether the multi-component approach was
obscuring possible effects. For accidents at work in the last 12 months, although a significant
effect of the negative occupational factors score was observed, none of its components (i.e.
JDCS, ERI and hazards/working hours) appeared to have a significant influence when
considered simultaneously. However, using the single component approach, a significant effect
of the hazards/working hours factor was identified. Odds ratios and confidence intervals are
shown in Table 31. The impact of negative occupational factors on accident likelihood is
therefore not simply additive, but rather it is specific to a particular type of stressor.
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Table 31
Hazards/working hours and accidents at work

N
Accidents at
work (in
previous 12
months)

5.3

1866
994
914
1283

Low hazards, low work hrs
Low hazards, high work hrs
High hazards, low work hrs
High hazards, high work hrs

OR

95% CI

1.00
1.15
1.20
1.53

0.83 - 1.60
0.86 - 1.66
1.14 - 2.05

p
0.04
(df = 3)

OUTCOMES INFLUENCED BY ALL THREE COMPONENTS OF THE
NEGATIVE OCCUPATIONAL FACTORS SCORE

Work-related stress was significantly influenced by all three components of the NOF score
when entered into a single regression equation. The pattern of results seen for this outcome is
described below.
5.3.1

JDCS, ERI, Exposure to Hazards/Working Hours and Work-Related Stress

Odds ratios and confidence intervals where work-related stress served as the outcome measure
are shown in Table 32 below.
Table 32
Demand, effort, hazards/working hours and work-related stress

Work-related
stress
Job demandcontrolsupport

N

OR

95% CI

800
580
855
1119
708
1085
846
1249

Low JD, high SS, high DL
Low JD, low SS, high DL
Low JD, high SS, low DL
High JD, high SS, high DL
High JD, high SS, low DL
High JD, low SS, high DL
Low JD, low SS, low DL
High JD, low SS, low DL

1.00
1.39
1.15
1.85
2.11
2.25
1.61
2.83

0.96 - 2.02
0.78 - 1.70
1.36 - 2.53
1.51 - 2.96
1.65 - 3.07
1.13 - 2.30
2.08 - 3.86

Effort-reward
imbalance

1472
681
1016
346
538
743
742
1704

Low EE, low IE, high REW
Low EE, high EE, high REW
Low EE, low IE, low REW
High EE, low IE, high REW
High EE, low IE, low REW
High EE, high IE, high REW
Low EE, high IE, low REW
High EE, high IE, low REW

1.00
1.36
0.96
1.66
2.11
3.58
1.48
5.04

0.98 - 1.88
0.70 - 1.33
1.14 - 2.43
1.54 - 2.90
2.70 - 4.74
1.09 - 2.02
3.88 - 6.55

Exposure to
hazards/
working hours

2220
1203
1312
2207

Low hazards, low work hrs
Low hazards, high work hrs
High hazards, low work hrs
High hazards, high work hrs

1.00
1.31
1.03
1.69

1.07 - 1.61
0.85 - 1.25
1.42 - 2.03
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p
.0001
(df = 7)

.0001
(df = 7)

.0001
(df = 7)

5.3.2

Combination of Critical Elements: Demand, Effort and Hazards/Working
Hours

It is apparent from the size of the respective odds ratios (see Table 32) that work stress is more
likely under conditions of high job demand, high effort (intrinsic and extrinsic) and where
exposure to hazards/working hours is high. In order to examine this more closely, a new
variable was created, specifically to take into account all possible combinations of exposure to
job demand, effort and exposure to hazards/working hours. This new variable consisted of the
following eight categories:
·
·
·
·
·
·
·
·

Low job demand, low effort, low hazards/working hours
Low job demand, low effort, high hazards/working hours
Low job demand, high effort, low hazards/working hours
High job demand, low effort, low hazards/working hours
Low job demand, high effort, high hazards/working hours
High job demand, low effort, high hazards/working hours
High job demand, high effort, low hazards/working hours
High job demand, high effort, high hazards/working hours

Odds ratios and confidence intervals where this composite variable served as the independent
predictor are shown in Table 33.
Table 33
JDCS model, ERI model, exposure to hazards/working hours and work-related stress

N
Work1516
related stress 715
808
421
655
1176
1556
795

Low JD, low EFF, low HW
Low JD, low EFF, high HW
High JD, low EFF, low HW
Low JD, high EFF, low HW
High JD, low EFF, high HW
Low JD, high EFF, high HW
High JD, high EFF, low HW
High JD, high EFF, high HW

OR

95% CI

1.00
1.54
1.75
2.26
2.52
3.59
6.05
8.78

1.08 - 2.21
1.27 - 2.41
1.60 - 3.19
1.83 - 3.47
2.57 - 5.02
4.66 - 7.85
6.81 - 11.33

p
.0001
(df = 7)

JD = Job demand, EFF = Effort (both intrinsic & extrinsic), HW = Hazards/working hours

The pattern of odds ratios in Table 33 suggests that the likelihood of reporting work-related
stress is greatest where demands, effort and exposure to hazards/working hours are all high.
Furthermore, effort appears to have a greater impact on the outcome variable than either job
demand or hazards/working hours. In order to test this, two different contrasts were used: firstly
each category except the first was compared to the overall effect; and secondly, each category
except the last was compared to the overall effect. These contrasts indicate that increased risk of
reporting work-related stress is significantly associated with high effort. Low effort is associated
with decreased risk of reporting work-related stress compared to the overall effect of the
variable (see Table 34).
The size and nature of the odds ratios (see Table 33) suggests that the relationship between work
stress and the job characteristics studied is not simply additive but multiplicative: work stress
was over three times as likely to occur when effort was high rather than low (where job
demands were high and exposure to hazards/working hours was low).
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Table 34
Deviation contrast: demand, effort, hazards/working hours and work stress

N
Workrelated
stress

5.3.3

1516
715
464
808
421
655
1176
1556

Low JD, low EFF, low HW
Low JD, low EFF, high HW
Low JD, high EFF, low HW
High JD, low EFF, low HW
Low JD, high EFF, high HW
High JD, low EFF, high HW
High JD, high EFF, low HW
High JD, high EFF, high HW

OR

95% CI

p

0.37
0.57
0.83
0.65
1.32
0.93
2.23
3.24

0.30 - 0.46
0.44 - 0.73
0.66 - 1.06
0.52 - 0.80
1.06 - 1.66
0.75 - 1.15
1.95 - 2.56
2.86 - 3.66

.0001
(df = 8)

Summary: Outcomes Influenced by All Three Components of the NOF
Score

One outcome measures, work stress, was found to be significantly influenced by all three
components of the NOF score (i.e. job demand-control-support, effort-reward imbalance and
hazards/working hours). Odds ratios indicate that work stress was most likely to be reported
under conditions of high demand, high effort (intrinsic and extrinsic) and where exposure to
hazards/working hours was also high. Analyses using a new variable combining just these job
characteristics indicated that stress was most likely under conditions of high demand, high effort
and high exposure to hazards/working hours. However, it is also apparent that high effort
exerted the most negative influence on work stress: low effort was associated with decreased
risk of reporting.
5.4

OUTCOMES INFLUENCED BY TWO COMPONENTS OF THE NEGATIVE
OCCUPATIONAL FACTORS SCORE

There were specific outcomes significantly associated with two of the three constituent
components of the negative occupational factors score: job demand-control-support and effortreward imbalance, effort-reward imbalance and hazards/working hours or job demand-controlsupport and hazards/working hours. Descriptions of these findings are given in turn below.
5.4.1

Job Demand-Control-Support and Effort-Reward Imbalance

Both the Job Demand-Control-Support and Effort-Reward Imbalance models had a significant
impact on anxiety (NB: all three components of the negative occupational factors score are
entered into a single regression equation for all reported analyses). This is shown in Table 35.
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Table 35
Job demand-control-support, effort-reward imbalance and anxiety

N

OR

95% CI

Job demandcontrolsupport

789
576
843
1100
699
1075
837
1232

Low JD, high SS, high DL
Low JD, low SS, high DL
Low JD, high SS, low DL
High JD, high SS, high DL
High JD, high SS, low DL
High JD, low SS, high DL
Low JD, low SS, low DL
High JD, low SS, low DL

1.00
0.95
1.07
0.95
1.30
1.30
1.19
1.36

0.67 - 1.33
0.79 - 1.46
0.71 - 1.27
0.96 - 1.76
0.97 - 1.74
0.88 - 1.61
1.03 - 1.81

Effortreward
imbalance

1454
671
1005
339
534
734
733
1681

Low EE, low IE, high REW
Low EE, high IE, high REW
Low EE, low IE, low REW
High EE, low IE, high REW
High EE, low IE, low REW
High EE, high IE, high REW
Low EE, high IE, low REW
High EE, high IE, low REW

1.00
2.21
1.14
0.98
0.86
2.46
2.09
2.79

1.68 - 2.91
0.87 - 1.49
0.64 - 1.49
0.62 - 1.21
1.87 - 3.25
1.60 - 2.73
2.17 - 3.58

p
.02
(df = 7)

.0001
(df = 7)

JD = Job demand, SS = Social support, DL = Decision latitude,
EE = Extrinsic effort, IE = Intrinsic effort, REW = Reward

A deviation contrast (i.e. each category is compared to the overall effect) indicated that a
reported clinical level of anxiety was significantly more likely under conditions of high demand,
low support and low control only (OR = 1.21, 95% CI = 1.04 - 1.40). However, anxiety was less
likely than the overall effect where demand, support and control were all high (OR = 0.84, 95%
CI = 0.71 - 0.99). For effort-reward imbalance, the same contrasts indicate that anxiety
increased significantly as a function of intrinsic effort. Categories where intrinsic effort was
high showed an effect greater than that of the variable overall, whereas categories where
intrinsic effort was low showed an effect lesser than the variable overall (See Table 36).
Table 36
Deviation contrast: effort-reward imbalance and anxiety

N
Effortreward
imbalance

1454
671
1005
339
534
734
733
1681

Low EE, low IE, high REW
Low EE, high IE, high REW
Low EE, low IE, low REW
High EE, low IE, high REW
High EE, low IE, low REW
High EE, high IE, high REW
Low EE, high IE, low REW
High EE, high EE, low REW
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OR

95% CI

0.65
1.44
0.74
0.64
0.56
1.61
1.36
1.82

0.54 - 0.79
1.19 - 1.75
0.62 - 0.89
0.46 - 0.89
0.44 - 0.72
1.34 - 1.92
1.14 - 1.62
1.58 - 2.09

p
.0001
(df = 8)

Anxiety and Critical Job Characteristics

The previously described analyses indicate that high job demand, low control and social support
and high intrinsic effort are the key job characteristics in terms of predicting levels of anxiety.
In order to examine this relationship in more detail, a new variable was created (based on the
categories listed in Table 35) to reflect individuals in the following exposure groups: low
exposure (all JDCS categories except high exposure11, and all categories where intrinsic effort is
low); high job demand, low social support, low control and all categories where intrinsic effort
is low; all JDCS combinations except high exposure and all categories where intrinsic effort is
high; high job demand, low social support, low control and all categories where intrinsic effort
is high.
Odds ratios and confidence intervals where this variable served as an independent predictor are
shown in Table 37.
Table 37
Anxiety, job demand, social support, control and intrinsic effort

N
Anxiety

2974
363
2961
871

Low exposure
High JD, low SS, low DL & low IE
JDCS low exposure & high IE
High JD, low SS, low DL & high IE

OR

95% CI

1.00
0.99
2.32
3.10

0.72 - 1.38
1.98 - 2.71
2.52 - 3.81

p
.0001
(df = 3)

JD = Job demand, SS = Social support, DL = Decision latitude/control,
IE = Intrinsic effort, JCDS = Job Demand, control, support

It is evident from the size of the odds ratios in Table 37 that anxiety was significantly more
likely where exposure to intrinsic effort was high. Repeated contrasts indicate that there was no
significant difference in levels of anxiety between the high demand, low support, low control
and low intrinsic effort group and the reference category (all JDCS categories except high
exposure and low intrinsic effort). Significant differences were found however between the
JDCS low exposure/high intrinsic effort and high demand, low support, low control/low
intrinsic effort categories (OR = 0.43, 95% CI = 0.31 - 0.59) and between the high demand, low
support, low control/high intrinsic effort and JDCS low exposure/high intrinsic effort categories
(OR = 0.75, 95% CI = 0.63 - 0.90). Although likelihood of reporting probable clinical anxiety
was found to be highest where demands and intrinsic effort were high and social support and
control low, the impact of intrinsic effort on this outcome was significantly greater than that of
high demand, low support and low control.
5.4.2

Effort-Reward Imbalance and Hazards/Working Hours

Both the Effort-Reward Imbalance model and the hazards/working hours factor had a significant
impact on two outcomes. These were symptoms of acute lower respiratory tract problems in the
last 14 days and acute psychological problems.

11

High job demand, low social support, low decision latitude/control.
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Symptoms of Lower Respiratory Tract Problems in the Last 14 Days

Odds ratios and confidence intervals are shown in Table 38. For symptoms of lower respiratory
tract problems in the last 14 days, repeated contrasts (i.e. where each category is compared to
the previous one) indicate that only the low hazards/high work hours category is significantly
different from the previous one (i.e. low exposure to both). For effort-reward imbalance, a
deviation contrast (i.e. where each category is compared to the overall effect) indicated that risk
of this particular type of illness is increased only where extrinsic and intrinsic effort are both
high and rewards are low (OR = 1.22, 95% CI = 1.05 - 1.41). Low intrinsic effort and high
reward seem to have a protective effect where extrinsic effort is high (OR = 0.69, 95% CI =
0.50 - 0.94).
Table 38
ERI, hazards/working hours and symptoms of acute lower respiratory problems

N
Effort-reward
imbalance

1444
663
1001
341
525
732
727
1660

Working
2180
hours/hazards 1487
1578
2148

OR

95% CI

Low EE, low IE, high REW
Low EE, high IE, high REW
Low EE, low IE, low REW
High EE, low IE, high REW
High EE, low IE, low REW
High EE, high IE, high REW
Low EE, high IE, low REW
High EE, high IE, low REW

1.00
1.28
1.18
0.81
1.25
1.28
1.34
1.44

0.98- 1.68
0.93 - 1.51
0.55 - 1.20
0.93 - 1.68
0.97- 1.69
1.04 - 1.74
1.13 - 1.83

Low hazards, low work hrs
Low hazards, high work hrs
High hazards, low work hrs
High hazards, high work hrs

1.00
1.36
1.27
1.27

1.11 - 1.67
1.06 - 1.54
1.06 - 1.53

p
.04
(df = 7)

.01
(df = 3)

Symptoms of Lower Respiratory Tract Problems in the Last 14 Days and Critical Job
Characteristics

Exposure to either hazards or working hours or both, high intrinsic and extrinsic effort and low
rewards appear to be the key job characteristics in terms of predicting levels of acute lower
respiratory tract problems. To further examine this relationship, a new variable was created
(based on the categories listed in Table 38) to reflect individuals in the following exposure
groups: all ERI categories except high effort (intrinsic and extrinsic) and low rewards and low
exposure to both hazards and working hours (low exposure); all ERI categories except high
effort (intrinsic and extrinsic) and low rewards and exposure to either hazards/working hours or
both; high effort (intrinsic and extrinsic), low rewards and low exposure to both hazards and
working hours; high effort (intrinsic and extrinsic), low rewards and exposure to either
hazards/working hours or both.
Odds ratios and confidence intervals where this variable served as an independent predictor are
shown in Table 39.
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Table 39
Acute lower respiratory problems, effort, rewards and hazards/working hours

N
Symptoms 1869 Low exposure
of acute
3565 Low ERI exposure &
lower
hazards/work hrs
respiratory 312 High EE, high IE, low REW &
problems
low hazards/work hrs
1352 High EE, high IE, low REW &
hazards/work hrs

OR

95% CI

1.00
1.32

1.11 - 1.57

1.21

0.87 - 1.68

1.59

1.29 - 1.95

p
.0001
(df = 3)

ERI = Effort-reward imbalance, EE = Extrinsic effort, IE = Intrinsic effort, REW = Reward

Repeated contrasts revealed the only significant difference to be between low ERI exposure and
the reference category. This suggests that there is no real difference in the impact of high
effort/low rewards and exposure to hazards and/or working hours on acute lower respiratory
symptoms.
Psychological Problems in the Last 14 Days

Odds ratios and confidence intervals are shown in Table 40. Repeated contrasts indicate that
only the high hazards/low work hours category is significantly different from the previous one
(i.e. low hazards/high work hours). For effort-reward imbalance, deviation contrasts indicate a
negative impact of high intrinsic effort (e.g. High EE, high IE, low REW OR = 1.41, 95% CI =
1.24 - 1.61; Low EE, high IE, low REW OR = 1.44, 95% CI = 1.23 - 1.69; High EE, high IE,
high REW OR = 1.43, 95% CI = 1.21 - 1.67).
Table 40
ERI, hazards/working hours and acute psychological problems

N

OR

95% CI

Effort-reward
imbalance

1441
665
1003
341
525
726
726
1662

Low EE, low IE, high REW
Low EE, high IE, high REW
Low EE, low IE, low REW
High EE, low IE, high REW
High EE, low IE, low REW
High EE, high IE, high REW
Low EE, high IE, low REW
High EE, high IE, low REW

1.00
1.32
1.24
1.13
1.47
2.15
2.17
2.14

1.07 - 1.62
1.03 - 1.49
0.87 - 1.48
1.16 - 1.85
1.73 - 2.68
1.75 - 2.70
1.75 - 2.60

Working
hours/hazards

2180
1189
1574
2146

Low hazards, low work hrs
Low hazards, high work hrs
High hazards, low work hrs
High hazards, high work hrs

1.00
.98
1.27
1.14

.83 - 1.16
1.09 - 1.48
0.98 - 1.32
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p
.0001
(df = 7)

.007
(df = 3)

Psychological Problems in the Last 14 Days and Critical Job Characteristics

High exposure to hazards and high intrinsic effort appear to be the key job characteristics in
terms of predicting levels acute psychological problems. To further examine this relationship, a
new variable was created (based on the categories listed in Table 40) to reflect individuals in the
following exposure groups: low intrinsic effort and low exposure to hazards; low intrinsic effort
and high exposure to hazards; high intrinsic effort and low exposure to hazards; high intrinsic
effort and high exposure to hazards.
Odds ratios and confidence intervals where this variable served as an independent predictor are
shown in Table 41.
Table 41
Acute psychological problems, exposure to hazards and intrinsic effort

N
Acute
1741 Low IE, low hazards
psychological 1569 Low IE, high hazards
problems
1630 High IE, low hazards
2154 High IE, high hazards

OR

95% CI

1.00
1.31
1.72
2.08

1.12 - 1.54
1.47 - 2.02
1.78 - 2.43

p
.0001
(df = 3)

A repeated contrast12 indicated that all categories are significantly different from the previous
one (high effort/high hazards vs. high effort/low hazards OR = 0.83, 85% CI = 0.71 - 0.97; high
effort/low hazards vs. low effort/high hazards OR = 0.76, 95% CI = 0.65 - 0.90; low effort/high
hazards vs. low effort/low hazards OR = 0.65, 95% CI = 0.65 - 0.89). Although likelihood of
reporting acute psychological problems was highest where effort and hazards were both high,
the impact of intrinsic effort on this particular outcome was found to be greater in this instance
than that of exposure to hazards.
5.4.3

Exposure to Hazards/Working Hours and Job-Demand-Support-Control

Two outcome measures were significantly influenced by the hazards/working hours and jobdemand-control-support components of the negative occupational factors score. These were:
·
·

Currently smoking
Average alcohol consumption above recommended levels

Currently Smoking

As shown in Table 42, two categories of the job demand-support-control variable were
associated with an increased likelihood of currently smoking, compared to the overall effect of
the variable. These were ‘low demand, high support and high control’ and ‘high demand, high
support and low control’. The first of these was somewhat unlikely given that this was
hypothesised as the least deleterious combination. Other categories were generally associated
with a lesser effect than the overall variable. Of the categories of the hazards/working hours
variable there was an approximately equivalent effect of the high working hours categories with
and without the presence of high exposure to physical hazards also. This was quite rare as it
tended to generally be high physical hazards exposure that was associated with the outcomes.
12

A repeated contrast compares the effect associated with each category (except the first category) with
that of the previous category.
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Table 42
JDCS, exposure to hazards/working hours and currently smoking

N
Job demandcontrolsupport
(Deviation
contrast:
categories
compared to
overall
effect)
Hazards/
working
hours

OR

95% CI

p
.01
(df = 8)

798
578
846
1115
701
1081
838
1240

Low JD, high SS, high DL
Low JD, low SS, high DL
Low JD, high SS, low DL
High JD, high SS, high DL
High JD, high SS, low DL
High JD, low SS, high DL
Low JD, low SS, low DL
High JD, low SS, low DL

1.29
0.88
0.89
0.91
1.19
1.02
0.95
0.93

1.10-1.52
0.72-1.07
0.76-1.05
0.78-1.06
1.01-1.40
0.88-1.19
0.82-1.12
0.81-1.07

2208
1198
1599
2192

Low hazards, low work hrs
Low hazards, high work hrs
High hazards, low work hrs
High hazards, high work hrs

1.00
1.25
0.93
1.18

1.04 - 1.49
0.79 - 1.10
1.01 - 1.39

.01
(df = 3)

Currently Smoking and Critical Job Characteristics

A high working hours score and high job demand, high social support and low control appear to
be the key job characteristics in terms of predicting current smokers. To further examine this
relationship, a new variable was created (based on the categories listed in Table 42) to reflect
individuals in the following exposure groups: low exposure to working hours and all JDCS
categories except high demand, high support and low control (low exposure); high job demand,
high social support, low control and a low working hours score; all JDCS categories except high
demand, high support and low control and a high working hours score; high job demand, high
social support, low control and a high working hours score.
Odds ratios and confidence intervals where this variable served as an independent predictor are
shown in Table 43.
Table 43
Currently smoking, exposure to hazards, job demand, control and support

N
Currently
smoking

3464
375
3089
331

Low exposure
High JD, high SS, low DL & low
work hrs
All except high JD, high SS, low
DL & high work hrs
High JD, high SS, low DL & high
work hrs

OR

95% CI

1.00
0.99

0.77 - 1.29

1.19

1.05 - 1.35

1.77

1.37 - 2.27

p
.0001
(df = 3)

Repeated contrasts indicate that only the high demand, high support, low control/high working
hours category was significantly different from the previous one (OR = 0.67, 95% CI = 0.52 0.87). This suggests that smoking behaviour is only significantly affected by exposure to both
undesirable working patterns, and high demands, high support and low control.
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Alcohol Consumption Above Recommended Levels

As shown in Table 43, one category of the job demand-control-support variable was clearly
associated with an increased risk of drinking above recommended limits. This was ‘high
demand, high support and high control’. ‘Low demand, low support and low control’ and ‘high
demand, low support and low control’ were suggestive of an association with being less likely
to consume alcohol excessively. This was perhaps surprising as these categories represented less
ideal combinations as hypothesised by the JDCS model. Of the categories of the
hazards/working hours variable, those containing high hazards exposure had the greatest odds
ratios. There were no significant differences between the odds ratios for these categories
however. This is shown in Table 44.
Table 44
JDCS, exposure to hazards/working hours and excessive alcohol consumption

N

OR

95% CI

p
.05
(df = 8)

Job demandcontrolsupport
(Deviation
contrast)

515
366
554
711
463
714
550
803

Low JD, high SS, high DL
Low JD, low SS, high DL
Low JD, high SS, low DL
High JD, high SS, high DL
High JD, high SS, low DL
High JD, low SS, high DL
Low JD, low SS, low DL
High JD, low SS, low DL

0.94
1.14
0.95
1.26
0.95
1.12
0.85
0.86

0.78 - 1.13
0.93 - 1.41
0.79 - 1.14
1.07 - 1.48
0.79 - 1.15
0.95 - 1.33
0.71 - 1.01
0.74 - 1.01

Hazards/
working
hours

1395
758
1041
1482

Low hazards, low work hrs
Low hazards, high work hrs
High hazards, low work hrs
High hazards, high work hrs

1.00
1.14
1.24
1.27

0.93 - 1.39
1.04 - 1.49
1.07 - 1.52

.05
(df = 3)

Alcohol Consumption Above Recommended Levels and Critical Job Characteristics

High exposure to hazards and job demand, social support and control appear to be the key job
characteristics in terms of predicting alcohol consumption above recommended levels. To
further examine this relationship, a new variable was created (based on the categories listed in
Table 44 to reflect individuals in the following exposure groups: all JDCS categories except
high demand, high support, high control and low exposure to hazards (low exposure); all JDCS
categories except high demand, high support, high control and high exposure to hazards; high
demand, high support, high control and low exposure to hazards; high demand, high support,
high control and high exposure to hazards.
Odds ratios and confidence intervals where this variable served as an independent predictor are
shown in Table 45.
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Table 45
Alcohol consumption, exposure to hazards, job demand, control and support

N
Alcohol
1181 Low exposure
consumption 2187 All JDCS except high JD, high
above
SS, high DL & high hazards
recommended 352 High JD, high SS, high DL &
limits
low hazards
362 High JD, high SS, high DL &
low hazards

OR

95% CI

1.00
1.22

1.06 - 1.41

1.36

1.06 - 1.76

1.48

1.15 - 1.91

p
0.002
(df = 3)

Repeated contrasts showed the only significant difference to be between all JDCS categories
except high demand, high support, high control/high hazards and the reference category (OR =
0.82, 95% CI = 0.71 - 0.95). This suggests that exposure to either hazards or high
demand/support/control had a significant impact on alcohol consumption above recommended
levels.
5.4.4

Summary: Outcomes Influenced by Two Components of the NOF Score

The following outcomes were significantly influenced by two components of the negative
occupational factors score: anxiety (job demand-control-support and effort-reward imbalance);
acute lower respiratory tract symptoms and psychological problems (effort-reward imbalance
and hazards/working hours); currently smoking and alcohol consumption above recommended
levels (job demand-control-support and hazards/working hours).
Job Demand-Control-Support and Effort-Reward Imbalance

Intrinsic effort was found to have the most significant effect on anxiety: levels of reporting
increased in all categories where intrinsic effort was high. In comparison, anxiety only
significantly increased under conditions of high demand, low control and low support (although
some evidence of protective effects of high support and control were observed). When possible
interactions between intrinsic effort and the JDCS model were examined, the influence of effort
was found to be significantly greater than that of high demands and low support and control.
Effort-Reward Imbalance and Hazards/Working Hours

For lower respiratory tract problems, working hours, high effort and low reward seem to be the
crucial factors; however no significant differences between the relative impact of working hours
and high effort/low reward were found. For psychological problems in the last 14 days, high
hazards and high intrinsic effort appear to have the most negative impact. Examination of
possible interaction effects showed the influence of intrinsic effort on acute psychological
problems to be greater than that of exposure to hazards.
Job Demand-Control and Hazards/Working Hours

Smoking behaviour was most significantly associated with high demand, high support and low
control, and high exposure to unfavourable working hours, whereas alcohol consumption was
associated with high demand, high support, high control and exposure to hazards. In both cases
however, neither component (i.e. job demand-control-support or hazards/working hours) was
found to exert a greater influence than the other.
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5.5

OUTCOMES INFLUENCED BY A SINGLE COMPONENT OF THE NEGATIVE
OCCUPATIONAL FACTORS SCORE ONLY

There were a few outcomes that revealed an influence of a single component of the negative
occupational factors score only. There were two such effects for the hazards/working hours
component, one for the job demand-control-support component and seven for the effort-reward
imbalance component. These are dealt with in turn below.
5.5.1

Exposure to Hazards/Working Hours Only

Three outcome measures were significantly influenced by the hazards/working hours
component of the negative occupational factors score. These were work-related minor injuries,
non-work related cognitive failures13 and lifetime occurrence of respiratory disease and the data
are shown in Table 46. The hazards/working hours component was significant even though the
job demand-control-support and effort-reward imbalance components were also included in the
model. For all outcomes the odds ratios for the exposure categories showed an increase in
comparison to the reference category. The odds ratios for the low hazards/high work hours
categories were not significantly different to the reference category. In all three cases, the
greatest odds ratios were seen for the combined stressors category. For the work-related minor
injuries outcome only, the effect associated with the combined stressors category was
significantly greater than for the high hazards/low working hours category.
Table 46
Exposure to hazards/working hours only and significantly associated outcomes

N

13

OR

95% CI

Work-related
minor
injuries

1861
986
913
1283

Low hazards, low work hrs
Low hazards, high work hrs
High hazards, low work hrs
High hazards, high work hrs

1.00
1.26
1.57
2.22

0.94 - 1.69
1.19 - 2.08
1.72 - 2.87

Non-work
related
cognitive
failures

1906
998
929
1296

Low hazards, low work hrs
Low hazards, high work hrs
High hazards, low work hrs
High hazards, high work hrs

1.00
1.14
1.33
1.34

0.90 - 1.45
1.05 - 1.67
1.07 - 1.68

Lifetime
occurrence of
respiratory
disease

2166
1185
1565
2142

Low hazards, low work hrs
Low hazards, high work hrs
High hazards, low work hrs
High hazards, high work hrs

1.00
1.19
1.31
1.34

0.98 - 1.45
1.10 - 1.56
1.13 - 1.59

This effect was observed despite the non-significant impact of the NOF score.
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p
.0001
(df = 3)

.04
(df = 3)

.05
(df = 3)

Decomposing Exposure to Hazards/Working Hours Component

To further examine the association of the hazards/working hours component with these
outcomes, the eight items (i.e. four physical hazards and four working hours) were used to
create a new independent variable. First of all, four stressor dyads were created. These
represented those workers who were exposed to one or both of the following (NB nonparametric correlations between the items are shown in parentheses):
·
·
·
·

Night/shift (.471, p < .0001)
Long, unsociable/unpredictable hours (.594, p < .0001)
Fumes/harmful substances (.649, p < .0001)
Ringing ears/background noise (.441, p < .0001)

These were based upon the high correlations between these items. The first two dyads taken
together represent the ‘working hours' factor. The second two dyads taken together represent the
‘physical hazards' factor. The next step was to use these in combination to create a variable with
16-categories as follows:
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·

None (0/4)
Night/shift (1/4)
Unsociable/unpredictable hours (1/4)
Fumes/harmful subs. (1/4)
Ringing ears/noise (1/4)
Night/shift & unsociable/unpredictable hours (2/4)
Night/shift & fumes/harmful subs. (2/4)
Night/shift & ringing ears/noise (2/4)
Unsociable/unpredictable hours & ringing ears/noise (2/4)
Fumes/harmful subs. & ringing ears/noise (2/4)
Unsociable/unpredictable hours & fumes/harmful subs. (2/4)
Night/shift & unsociable/unpredictable hours & fumes/harmful subs. (3/4)
Night/shift & unsociable/unpredictable hours & ringing ears/noise (3/4)
Night/shift & fumes/harmful subs. & ringing ears/noise (3/4)
Unsociable/unpredictable hours & fumes/harmful subs. & ringing ears/noise (3/4)
Exposure to all stressors (4/4)

It therefore followed that each individual could only be placed into one of these categories
based on their responses to these items. This variable offers a greater depth of information about
the combination of stressors exposed to, reflecting as it does both the number of stressors
exposed to (i.e. from 0 to 4) and also the type of stressor. Ideally combinations of all eight
stressors would have been considered but this led to a 256-category variable with many zero
cells and was therefore not appropriate. As it was there were three cells of a size of less than
100. These were excluded from the analysis and were as follows:
·
·
·

Night/shift & fumes/harmful subs.
Night/shift & ringing ears/noise
Night/shift & unsociable/unpredictable hours & ringing ears/noise

The odds ratios and confidence intervals for the work-related minor injuries and chronic
respiratory disease outcomes are presented in Table 47. For non-work related cognitive failures,
the overall effect of the composite hazards/working hours variable was not significant.
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Work-related Minor Injuries

Only a relatively small number of categories had odds ratios substantially greater than the
reference category. It was clear that certain combinations were more greatly associated with the
outcome than others. It was not just the number of stressors that was important but also the type
of stressors (i.e. although the final category of all stressors had the greatest odds ratio there were
categories of only two stressors that had greater odds ratios than combinations of three
stressors). When an alternative analysis was undertaken (i.e. all categories were compared to the
overall effect of the variable) it was apparent that two categories had lesser effects than the
overall variable and two categories had greater effects than the overall variable. The categories
with lesser effects were ‘none’ (OR = 0.63, 95% CI = 0.50 - 0.81) and ‘unsociable/unpredictable
hours’ (OR = 0.66, 95% CI = 0.47 - 0.93). The categories with greater effects were
‘unsociable/unpredictable hours & fumes/harmful subs. & ringing ears/noise’ (OR = 1.62, 95%
CI = 1.13 - 2.33) and ‘exposed to all stressors’ (OR = 1.80, 95% CI = 1.43 - 2.26).
Chronic Respiratory Disease

The number of categories that demonstrated an association with chronic respiratory disease was
even fewer than with the work-related minor injuries outcome. Unlike that outcome the greatest
odds ratio was not found for the final category but for the penultimate category. This again
suggested that it was not just a matter of the number of stressors but also the type of stressors.
Two categories had lesser effects than the overall variable. These were ‘none’ (OR = 0.82, 95%
CI = 0.70 - 0.95) and ‘unsociable/unpredictable hours’ (OR = 0.80, 95% CI = 0.66 - 0.98). One
category had an effect greater than the overall variable, ‘unsociable/unpredictable hours &
fumes/harmful subs. & ringing ears/noise’ (OR = 1.44, 95% CI = 1.12 - 1.85).
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Table 47
Exposure to hazards/working hours only and significantly associated outcomes

N

OR

95% CI

Workrelated
minor
injuries

1235
119
535
214
315
520
159
216
230
310
238
207
566

None
N/SHF
UNSC/PRD
FUM/SBS
NOISE
N/SHF, UNSC/UNPRD
UNSC/PRD, NOISE
FUM/SBS, NOISE
UNSC/PRD, FUM/SBS
N/SHF, UNSC/PRD, FUM/SBS
N/SHF, UNSC/PRD, NOISE
UNSC/PRD, FUM/SBS, NOISE
Exposed to all stressors

1.00
1.61
1.05
1.53
1.21
1.33
1.66
1.71
2.18
1.42
1.42
2.56
2.83

0.89 - 2.93
0.69 - 1.58
0.94 - 2.49
0.77 - 1.91
0.91 - 1.95
0.95 - 2.89
1.05 - 2.79
1.41 - 3.37
0.92 - 2.19
0.89 - 2.28
1.62 - 4.04
2.02 - 3.97

Lifetime
occurrence
of
respiratory
disease

1645
176
754
323
396
725
246
274
289
493
334
308
803

None
N/SHF
UNSC/PRD
FUM/SBS
NOISE
N/SHF, UNSC/UNPRD
UNSC/PRD, NOISE
FUM/SBS, NOISE
UNSC/PRD, FUM/SBS
N/SHF, UNSC/PRD, FUM/SBS
N/SHF, UNSC/PRD, NOISE
UNSC/PRD, FUM/SBS, NOISE
Exposed to all stressors

1.00
1.14
0.99
1.39
1.24
1.15
1.11
1.24
1.30
1.10
1.51
1.77
1.21

0.76 - 1.71
0.77 - 1.26
1.03 - 1.88
0.94 - 1.64
0.91 - 1.46
0.78 - 1.60
0.90 - 1.73
0.94 - 1.80
0.84 - 1.45
1.12 - 2.02
1.30 - 2.40
0.95 - 1.53

p
.0001
(df = 12)

.05
(df = 12)

N/SHF = night work and/or shift work
UNSC/PRD = long, unsociable hours and/or unpredictable hours
FUM/SBS = fumes exposure and/or exposure to harmful substances
NOISE = left with a ringing in the ears and/or disturbed by background noise

5.5.2

Job-Demand-Control-Support Model Only

Three outcomes showed a significant or marginally significant association with the job demandcontrol-support component of the negative occupational factors score. This was allowing for the
fact that the other components were also included as covariates in the multivariate model. The
outcomes were: probable clinical depression, hospital outpatient visits (4 or more in the
previous 12 months) and allergies in the last 12 months.
Probable Clinical Depression

Odds ratios and confidence intervals where probable clinical depression served as the outcome
measure are shown in Table 48.
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Table 48
Job demand-control-support and probable clinical depression

N
Probable
clinical
depression

792
562
838
1099
1063
832
1224
752

Low JD, high SS, high DL
Low JD, low SS, high DL
Low JD, high SS, low DL
High JD, high SS, high DL
High JD, high SS, low DL
High JD, low SS, high DL
Low JD, low SS, low DL
High JD, low SS, low DL

OR

95% CI

1.00
0.90
0.94
0.80
1.15
0.93
1.35
1.42

0.56 - 1.43
0.61 - 1.43
0.53 - 1.20
0.76 - 1.76
0.62 - 1.40
0.91 - 2.00
0.98 - 2.08

p
.008
(df = 7)

Deviation contrasts indicated that depression was more likely than the overall variable to occur
under conditions of low support and low control (low demand/low control/low support OR =
1.37, 95% CI = 1.13 - 1.66; high demand/low control/low support OR = 1.29, 95% CI = 1.02 1.64). High support and control appeared to have a protective effect (high demand/high
control/high support OR = 0.77, 95% CI = 0.59 - 0.99).
Hospital Outpatient Visits (4 or more in previous 12 months)

Odds ratios and confidence intervals where hospital outpatient visits served as the outcome
measure are shown in Table 49.
Table 49
Job demand-control-support and hospital outpatient visits

N
Hospital
outpatient
visits

624
451
585
759
498
735
600
836

Low JD, high SS, high DL
Low JD, low SS, high DL
Low JD, high SS, low DL
High JD, high SS, high DL
High JD, high SS, low DL
High JD, low SS, high DL
Low JD, low SS, low DL
High JD, low SS, low DL

OR

95% CI

1.00
1.05
0.84
1.18
1.42
1.03
1.05
1.17

0.80 - 1.38
0.65 - 1.10
0.92 - 1.50
1.09 - 1.85
0.80 - 1.33
0.81 - 1.36
0.91 - 1.50

p
0.20
(df = 7)

Deviation contrasts indicate that hospital outpatient visits are most likely to be reported by those
experiencing high demands, high support and low control (OR = 1.31, 95% CI = 1.10 - 1.56).
This outcome is least likely to be reported by those in the low demands, high support and low
control category (OR = 0.78, 95% CI = 0.65 - 0.94) indicating that job demands are the crucial
factor in determining hospital outpatient visits.
Allergies in the Last 12 Months

Odds ratios and confidence intervals where allergies in the last 12 months served as the outcome
measure are shown in Table 50.
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Table 50
Job demand-control-support and allergies in the last 12 months

N
Allergies in
the last 12
months

781
569
835
1094
684
1059
823
1219

Low JD, high SS, high DL
Low JD, low SS, high DL
Low JD, high SS, low DL
High JD, high SS, high DL
High JD, high SS, low DL
High JD, low SS, high DL
Low JD, low SS, low DL
High JD, low SS, low DL

OR

95% CI

1.00
0.88
0.97
1.23
1.05
1.24
1.26
1.08

0.67 - 1.16
0.76 - 1.25
0.98 - 1.55
0.81 - 1.36
0.98 - 1.57
0.99 - 1.61
0.85 - 1.37

p
.05
(df = 7)

It was hard to differentiate the separate contributions of job demand, social support and
decision latitude to the association between the independent variable and the outcome.
Comparing each category to the overall effect of the variable showed that ‘low demand, low
support and high control’ had a smaller effect than the overall variable (i.e. OR = 0.81, 95% CI
= 0.67 - 0.99) and ‘low demand, low support & low control’ had a greater effect than the overall
variable (i.e. OR = 1.17, 95% CI = 1.00 - 1.37). This would suggest control was essential as this
was the only difference between these categories.
5.5.3

Effort-Reward Imbalance Model Only

The following outcomes were significantly influenced by the combined effort-reward imbalance
variable only (when all three predictors were entered into a single regression equation):
·
·
·
·
·
·
·

Work-related cognitive failures
Musculoskeletal problems in the last 14 days
Sick leave (in the last 12 months)
Gastrointestinal problems and/or depression in the last 12 months
Upper respiratory tract infections in the last 14 days
Gastrointestinal problems in the last 14 days
Medication for pain relief and/or digestion problems in the last 14 days

Two contrasts were used to compare the effects associated with each category. Firstly, each
category was compared to the hypothesised least deleterious combination; namely ‘low extrinsic
effort, low intrinsic effort and high reward’. Secondly, each category (except the first) was
compared to the overall experimental effect of the variable. This was done in order to determine
the relative influences of intrinsic effort, extrinsic effort and reward. A number of patterns
emerged, dependent on the outcome measure. These were:
·
·

Threshold effects of effort-reward imbalance
Impact of intrinsic effort

Examples are given and these patterns are discussed in more detail below.
Threshold Effects of Effort-Reward Imbalance

As an example, odds ratios and confidence intervals (where each category was compared to the
reference) are shown for musculoskeletal problems in the last 14 days in Table 51.
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Table 51
Effort-reward imbalance and musculoskeletal problems in the last 14 days

N
Musculoskeletal
problems
in the last
14 days

1456
671
1004
343
531
734
732
1687

Low EE, low IE, high REW
Low EE, high IE, high REW
Low EE, low IE, low REW
High EE, low IE, high REW
High EE, low IE, low REW
High EE, high IE, high REW
Low EE, high IE, low REW
High EE, high EE, low REW

OR

95% CI

1.00
1.29
1.20
0.83
1.21
1.20
1.20
1.34

1.06 - 1.59
0.99 - 1.44
0.62 - 1.10
0.96 - 1.52
0.97 - 1.49
0.97 - 1.47
1.11 - 1.62

p
.01
(df = 7)

Deviation contrasts showed that only high effort (both extrinsic and intrinsic) and low reward
significantly increased the likelihood of reporting acute musculoskeletal problems (i.e. OR =
1.17, 95% CI = 1.04 - 1.32). A similar pattern was evident for work-related cognitive failures
and acute gastrointestinal problems. For acute musculoskeletal problems, high reward and low
intrinsic effort had a protective effect, even where extrinsic effort was high (i.e. OR = 0.72, 95%
CI = 0.57 - 0.91).
The Impact of Intrinsic Effort

Odds ratios and confidence intervals (where each category was compared to the reference) are
shown for acute upper respiratory tract infections (URTI's) and 12-month gastrointestinal
problems/depression in Table 52.
Table 52
ERI, acute URTI's and 12 month gastrointestinal problems and/or depression

N

OR

95% CI

Acute upper
respiratory
tract
infections

1436
663
998
340
526
729
730
1656

Low EE, low IE, high REW
Low EE, high IE, high REW
Low EE, low IE, low REW
High EE, low IE, high REW
High EE, low IE, low REW
High EE, high IE, high REW
Low EE, high IE, low REW
High EE, high EE, low REW

1.00
1.11
1.18
.80
1.22
1.08
1.27
1.24

0.92 - 1.35
0.99 - 1.40
0.63 - 1.03
0.99 - 1.52
0.88 - 1.31
1.05 - 1.54
1.04 - 1.49

12-month
gastrointestinal
problems
and/or
depression

1436
657
997
336
527
726
719
1648

Low EE, low IE, high REW
Low EE, high IE, high REW
Low EE, low IE, low REW
High EE, low IE, high REW
High EE, low IE, low REW
High EE, high IE, high REW
Low EE, high IE, low REW
High EE, high EE, low REW

1.00
1.14
0.98
1.31
1.05
1.58
1.48
1.47

0.91 - 1.44
0.80 - 1.20
0.98 - 1.75
0.82 - 1.36
1.26 - 1.98
1.19 - 1.84
1.20 - 1.81
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p
.01
(df = 7)

.0001
(df = 7)

Deviation contrasts indicate that, for both outcomes, high intrinsic effort was significantly
associated with increased likelihood of reporting (e.g. Low EE, high IE, low REW OR = 1.15,
95% CI = 1.00 - 1.33; High EE, high IE, low REW OR = 1.13, 95% CI = 1.00 - 1.27 [acute
upper respiratory tract infections]; Low EE, high IE, low REW OR = 1.20, 95% CI = 1.03 1.40; High EE, High IE, low REW OR = 1.19, 95% CI = 1.05 - 1.35 [12-month gastrointestinal
problems/depression]). There was also evidence to suggest that low levels of intrinsic effort had
a protective effect, although not in every instance (e.g. for acute upper respiratory tract
infections: High EE, low IE, high REW OR = 0.73, 95% CI = 0.60 - 0.89; for 12-month
gastrointestinal problems/depression: Low EE, low IE, low REW OR = 0.80, 95% CI = 0.68 0.92).
Given that intrinsic effort appears to have the greatest impact on upper respiratory tract
infections in the last 14 days and gastrointestinal problems and/or depression in the last 12
months, further examination of the nature of intrinsic effort was necessary.
Decomposition of Intrinsic Effort

Given the highly significant impact of intrinsic effort, further examination of its nature was
necessary. Factor analysis (varimax rotation) of all items within the intrinsic effort scale
revealed a 2-factor structure: items comprising each factor and associated loadings are shown in
Table 53. One item, 'Every once in a while I like it when others hold me back from working' did
not load highly on either factor. Factor 1 equated to an inability to trust other workers or
delegate responsibilities. Factor 2 equated to the extent to which work was always on the
individual's mind.
Table 53
Factor analysis of intrinsic effort items

Item

Factor loading

Factor 1:
'If a task has to be done well I’d better take care of it myself'

.831

'I can get very upset when someone hinders me in my duties'

.746

Factor 2:
'As soon as I get up in the morning, I start thinking about work
problems'

.775

'When I come home, I can easily relax and switch off from work'

.764

'People close to me say I sacrifice too much for my job'

.616

'Work rarely lets me go, it is still on my mind when I go to bed'

.879

'If I postpone something that I was supposed to do today, I will have
trouble sleeping at night'

.713

Two factor scores were created based on the table above. In order to create these scores, the
mean value was multiplied by the number of items within the factor. Median splits of these

90

factors were then combined, in order that all possible permutations of intrinsic effort (i.e. low or
high on each factor) could be examined in terms of their effects on anxiety. When this new
variable served as the independent predictor in the previously described logistic regression
model, a significant effect was observed for gastrointestinal problems and/or depression in the
last 12 months (where each subsequent category was compared to the reference), although not
for upper respiratory tract infections in the last 14 days. Data for the gastrointestinal
problems/depression in the last 12 months outcome are shown in Table 54.
Table 54
Gastrointestinal problems/depression in the last 12 months and intrinsic effort

N
Gastrointestinal
problems and/or
depression in the
last 12-months

2573
1522
1206
1805

Low on both factors
Low factor 1/high factor 2
High factor 1/low factor 2
High on both factors

OR

95% CI

1.00
1.30
1.19
1.60

1.11 - 1.52
1.01 - 1.40
1.38 - 1.86

p
.0001
(df= 3)

It appears from studying the odds ratios in Table 54 that factor 2 had a greater impact on
gastrointestinal problems and/or depression in the last 12 months than factor 1, although
likelihood of reporting these symptoms was highest where exposure to both factors was high. In
order to determine whether there was any real difference in impact between the two factors, a
repeated contrast was used: each category (except the first) was compared to the previous
category. Findings indicate that reported exposure to either factor resulted in the outcome (i.e.
no significant difference was found between 'high on factor 1, low on factor 2' and ‘low on
factor 1, high on factor 2').
Other Effects of Effort-Reward Imbalance

Other effects associated with the effort-reward imbalance component were varied and could not
be easily categorised. These are summarised below. Deviation contrasts revealed that sick leave
(i.e. 6 or more days in the last 12 months) was more likely where extrinsic effort was high and
intrinsic effort and reward low. Use of pain relief/digestion medication in the last 14 days
increased significantly where extrinsic effort, intrinsic effort and reward were all high. Low
effort (intrinsic and extrinsic) seemed to have a protective effect on this outcome, even where
rewards were low.
5.5.4

Summary: Outcomes Influenced by a Single Component of the Negative
Occupational Factors Score Only

Exposure to Hazards/Working Hours

Exposure to hazards/working hours had a significant impact on work-related minor injuries,
non-work related cognitive failures and lifetime prevalence of respiratory disease: risk of
reporting all three outcomes was highest in the high hazards/high working hours category. More
detailed analysis of hazards/working hours components indicated that minor injuries were most
likely to occur under conditions of high exposure to all stressors, although the combination of
exposure to unsociable/unpredictable hours, fumes/harmful substances and ringing in the
ears/noise was a better predictor of minor injuries than any of the other exposure categories
(with the exception of the exposure to all stressors category). Prevalence of chronic respiratory
disease was also associated with exposure to unsociable/unpredictable hours, fumes/harmful
substances and ringing in the ears/noise. These outcomes appear to be dependent on type of
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exposure: risk of minor injuries and chronic respiratory disease do not simply increase as a
function of the number of stressors experienced within the work environment.
Job Demand-Control-Support

Probable clinical depression, hospital outpatient visits and allergies in the last 12 months were
significantly influenced by job demand-control-support only. Low support and low control
appeared to be the crucial factors in predicting depression, whereas hospital outpatient visits
were more likely under conditions of high demand, high support and low control. For allergies
in the last 12 months, it was difficult to interpret the relative influence of demands and support,
although control appeared to be the crucial factor in terms of risk of reporting.
Effort-Reward Imbalance

The following outcomes were significantly influenced by the effort-reward imbalance
component only: cognitive failures, acute musculoskeletal problems (in the last 14 days), sick
leave (in the last 12 months), gastrointestinal problems/depression (in the last 12 months), acute
upper respiratory tract infections (in the last 14 days), acute gastrointestinal problems (in the last
14 days) and use of pain relief/digestion medication (in the last 14 days). For acute
musculoskeletal problems, cognitive failures and acute gastrointestinal problems, a threshold
effect of effort-reward imbalance was evident: likelihood of reporting these outcomes only
increased significantly as a function of high effort (intrinsic and extrinsic) and low reward.
However, high intrinsic effort appears to be the crucial factor in predicting acute upper
respiratory tract infections and gastrointestinal problems/depression in the last 12 months. The
impact of effort-reward imbalance on sick leave and use of pain relief/digestion medication in
the last 14 days is more difficult to interpret.
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6.

6.1

SUMMARY OF EFFECTS: NOF SCORE, JDCS, ERI AND
HAZARDS WORKING HOURS
OVERVIEW

The effects of the NOF score and its' components (i.e. JDCS, ERI and hazards/working hours)
on all outcomes are summarised in Table 55. For each outcome, the table demonstrates whether
the impact of NOF was significant, and which (if any) of the score's composite factors had the
greatest impact. Critical subcomponents within the factors are identified for each variable (NB:
where a particular subcomponent was found to have a more significant influence than another,
this is indicated in bold).

6.2

EFFECTS OF NOF AND MAJOR SUB-COMPONENTS

Significant associations (as listed in Table 55) between the NOF score, the JDCS, ERI and
hazards/working hours components and outcome measures are summarised below.
6.2.1

Significant Associations Between NOF And Outcome Measures

Table 55 demonstrates that the NOF score was significantly associated with:
·
·
·
·
·
·
·

All psychological health outcomes
Accidents, injuries and cognitive failures at work14
Sick leave
Acute back pain
Acute minor illness (e.g. URTI's, gastrointestinal problems)
Chronic (i.e. lifetime prevalence of) respiratory disease
Use of pain relief/digestion medication in the last 14 days

Work stress was the only outcomes significantly influenced by all three components of the NOF
score.
6.2.2

Significant Associations Between ERI And Outcome Measures

A high proportion of the outcome measures demonstrated significant associations with the
effort-reward imbalance component only:
·
·
·
·
·
·
·

Cognitive failures at work (in previous 12 months)
Sick leave (in previous 12 months)
Gastrointestinal problems/depression (in previous 12 months)
Acute upper respiratory tract infections (i.e. in last 14 days)
Acute gastrointestinal problems (i.e. in last 14 days)
Acute back pain (i.e. in last 14 days)
Use of pain relief/digestion medication (in last 14 days)

14

No association between the NOF score or components and accidents and minor injuries outside work
were observed.
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6.2.3

Significant Associations Between JDCS And Outcome Measures

Risk of reporting probable clinical depression, hospital outpatient visits (in previous 12 months)
and allergies (in previous 12 months) was associated with reports of high demands, low control
and low support only.
6.2.4

Significant Associations Between Hazards/Working Hours And Outcome
Measures

Risk of reporting minor injuries at work (in previous 12 months) and lifetime prevalence of
respiratory disease was associated with exposure to hazards and unfavourable working hours
only.
6.2.5

Combined Effects Of JDCS, ERI And Hazards/Working Hours

Probable clinical anxiety was associated with high exposure to both the job demand-controlsupport and effort reward imbalance components, whereas acute psychological health problems
(in the last 14 days) were significantly associated with ERI and exposure to hazards/working
hours. Acute lower respiratory symptoms were also associated with ERI and exposure to
hazards/working hours. Both smoking and alcohol consumption were significantly associated
with JDCS and exposure to hazards/working hours.

6.3

CRITICAL COMPONENTS OF ERI, JDCS AND HAZARDS/WORKING
HOURS

Critical components of ERI, JDCS and hazards/working hours and their effects on outcomes (as
listed in Table 55) are summarised below.
6.3.1

Effort-Reward Imbalance

High intrinsic effort was identified as the critical component in predicting probable clinical
anxiety, gastrointestinal problems/depression in the last 12 months, acute upper respiratory tract
infections and acute psychological problems. Acute gastrointestinal problems and acute back
pain were most likely to be reported under conditions of high effort (intrinsic and extrinsic) and
low reward. Sick leave was highest where extrinsic effort was high and intrinsic effort and
rewards low and cognitive failures were highest under conditions of high effort and low reward.
14 day use of pain relief/digestion medication was most likely where intrinsic effort, extrinsic
effort and rewards were all high.
6.3.2

Job Demand-Control-Support

Hospital outpatient visits were highest under conditions of high demand, high support and low
control, whereas probable clinical depression was most strongly associated with low support
and low control. Allergies in the previous 12 months were most commonly associated with low
control only.
6.3.3

Hazards/Working Hours

Exposure to unsociable/unpredictable hours, fumes/harmful substances and ringing in the
ears/noise were identified as crucial factors in predicting minor injuries at work and lifetime
prevalence of respiratory disease.
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6.3.4

Effort-Reward Imbalance And Hazards/Working Hours

Lower respiratory symptoms (in the last 14 days) were most likely to be reported under
conditions of high effort, low reward and high exposure to unfavourable working hours.
6.3.5

Job Demand-Control-Support And Hazards/Working Hours

Smoking incidence was highest under conditions of high demand, high support, low control and
high exposure to unfavourable working hours, whereas alcohol consumption tended to be higher
where demands, control, support and exposure to hazards were all high.
6.3.6

Effort-Reward
Imbalance,
Hazards/Working Hours

Job

Demand-Control-Support

and

Work stress was most likely to be reported under conditions of high demand, high effort, and
high exposure to both hazards and working hours.

6.4

SUMMARY

It is evident from Table 55 that the NOF score and its' components demonstrated a number of
important significant effects on the outcome measures under study. However, few effects were
observed for accident, minor injury and cognitive failure variables. This may be due however, to
the relatively low incidence of these outcomes within the current dataset (NB: See Chapter 8 for
further analysis of these outcomes).
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a
a
X

X

X

X

X

X

a
a
a
a
a
a
a
X

X

Work-related stress

Probable clinical anxiety

Probable clinical depression

Work-related accidents (previous 12
months)

Work-related minor injuries (previous
12 months)

Work-related cognitive failures
(previous 12 months)

Sick leave (previous 12 months)

GP visits ( 4 in previous 12 months)

Hospital inpatient visits ( 1 in
previous 12 months)

96

Job demandcontrol-support
component
a

NOF score

Outcome

X

X

X

X

a
X

X

a

N/A

N/A

High extrinsic effort, low intrinsic
effort, low reward

Unsociable/unpredictable hours,
exposure to fumes/harmful
substances, ringing in the ears/noise
High effort, low reward

a

X

Low support, low control

High demand, low control, low
support, high intrinsic effort

High demand, high effort, high
exposure to working hours/hazards

Critical sub-components

N/A

X

X

Hazards/
working hours
component
a

X

X

X

a

Effort-reward
imbalance
component
a
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X

X

X

X

X

a

Lifetime prevalence of CHD risk
factors

Lifetime prevalence of angina/ MI15

Any cancer

Gastrointestinal problems/depression
(previous 12 months)

Allergies (in previous 12 months)

Sciatica/lumbago/backache (previous
12 months)

X

X

X

X

a

X

X

X

X

a

X

X

N/A

Low control

High intrinsic effort

N/A

N/A

Unsociable/unpredictable hours,
exposure to fumes/harmful
substances, ringing in the ears/noise
N/A

a
X

High demand, high support, low
control

Critical sub-components

X

Hazards/
working hours
component

X

X

X

X

X

Effort-reward
imbalance
component

X
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X

a

Lifetime prevalence of respiratory
disease

MI = Myocardial infarction

X

X

Hospital outpatient visits ( 4 in
previous 12 months)

15

Job demandcontrol-support
component
a

NOF score

Outcome

X

X

a
a

X

X

Currently smoking

Alcohol consumption
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X

X

X

Psychotropic medication (last 14
days)

a

a

X

X

a

X

a

Pain relief/digestion medication (last
14 days)

a

a

X

a

Lower respiratory symptoms (last 14
days)

X

a

X

a

Back pain (last 14 days)

X

a

X

a

Gastrointestinal problems (last 14
days)

a

X

a

Psychological health problems (last
14 days)

X

Hazards/
working hours
component

a

X

a

Upper respiratory tract infections (last
14 days)

Effort-reward
imbalance
component
a

Job demandcontrol-support
component

NOF score

Outcome

High demand, high support, high
control, exposure to hazards

High demand, high support, low
control, high working hours

N/A

High extrinsic and intrinsic effort,
high reward

Exposure to working hours, high
effort and low reward

High effort, low reward

High effort, low reward

High hazards, high intrinsic effort

High intrinsic effort

Critical sub-components

7.
7.1

ANALYSIS OF LONGITUDINAL DATA

OVERVIEW

The following chapter describes longitudinal analyses carried out on the Bristol community
sample. Patterns of association between the NOF score and longer-term changes in health status
were examined.
7.2

CREATING CHANGE SCORES

Change scores were created by manipulating the data gathered at time-1 and time-2 in the
Bristol Stress and Health at Work study. For the NOF score, a change score was created by
subtracting the total NOF score at time-1 from the time-2 score. This was then split into tertiles:
these represented a decrease in exposure, relatively little change in exposure and an increase in
exposure respectively. Descriptive statistics for this variable are shown in Table 56.
Table 56
Descriptive statistics for total NOF change score

Range
N
Percentage

NOF score
No change
4 to - 4
598
33.4%

Decrease
68 to 5
582
32.5%

Increase
- 5 to - 52
607
33.9%

Two separate analyses were conducted so that a dichotomous independent variable could be
used; the analyses made the following comparisons:
·
·

‘no change’ or decrease in NOF score vs. NOF score increased
‘no change’ or increase in NOF score vs. NOF score decrease

New variables were calculated that represented whether there had been a change in the key
reported stress and health outcomes over the 12 months between time-1 (i.e. t1) and time-2 (i.e.
t2); each of these variables had four categories as such:
·
·
·
·

Outcome not reported at t1 and t2
Outcome reported at t1; not reported at t2
Outcome not reported at t1; reported at t2
Outcome reported at t1 and t2

It was these variables that are shown in the cross-tabulations with the NOF score in Tables 57,
58, 59, 60 & 61. For the logistic regression analyses these four categories were collapsed into
two dichotomous variables as follows:
·
·

No change or present at t1 but not t2 vs. outcome present at t2 but not t1
No change or present at t2 but not t1 vs. outcome present at t1 but not t2
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Therefore, for each outcome there were two separate analyses: one which addressed the
association between an increased NOF score and the occurrence of an outcome at time-2 that
was not present at time-1, and one which addressed the association between a decreased NOF
score and the removal of an outcome that had been present at time-1 but was not at time-2.
Using these variables it was therefore possible to ascertain whether increases or decreases in the
reported total NOF score were accompanied by changes in any of the key health variables of
interest. Not all of these variables were appropriate to look at in detail; certain showed too little
change or were experienced by too few individuals in the dataset.

7.3

CROSS TABULATION OF THE NOF CHANGE SCORES AND CHANGES IN
HEALTH VARIABLES

Tables on the following three pages show the cross tabulation of data for the total NOF change
score and the four categories of response that were possible. It is clear from this that the amount
of change that occurred varied depending on the specific health variable that was looked at.
Examples of variables where there was (relatively) substantial change are: work-stress, anxiety,
backache (in the last 12 months, and the last 14 days), gastrointestinal problems and/or
depression in the last 12 months, and upper respiratory tract infections in the last 14 days. The
chronic (i.e. lifetime prevalence) health variables, allergies in the last 12 months, general health
in the last 12 months and ‘currently smoking’ are examples of variables were there was
relatively little change. This meant that there were relatively few health variables that could be
analysed effectively with the chosen strategy.
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Table 57
Cross-tabulation of change scores in the NOF score & dichotomous health variables

NOF score
No change
463 (36.3%)
37 (22.8%)
34 (25.6%)
55 (30.1%)

Increase
420 (32.9%)
33 (20.4%)
75 (56.4%)
68 (37.2%)

Total N
1276
162
133
183

Work
stress

Not stressed t1 & t2
Stressed t1; not t2
Not t1; stressed t2
Stressed t1 & t2

Decrease
393 (30.8%)
92 (56.8%)
24 (18.0%)
60 (32.8%)

Life
stress

Not stressed t1 & t2
Stressed t1; not t2
Not t1; stressed t2
Stressed t1 & t2

497 (32.4%)
30 (34.9%)
23 (28.0%)
21 (40.4%)

537 (35.0%)
23 (26.7%)
16 (19.5%)
12 (23.1%)

502 (32.7%)
33 (38.4%)
43 (52.4%)
19 (36.5%)

1536
86
82
52

12 month
health

Health good t1 & t2
Bad t1; good t2
Good t1; bad t2
Health bad t1 & t2

550 (32.9%)
20 (31.3%)
2 (40.0%)

558 (33.4%)
20 (31.3%)
3 (75.0%)
-

564 (33.7%)
24 (37.5%)
1 (25.0%)
3 (60.0%)

1672
64
4
5

Anxiety

Not anxious t1 & t2
Anxious t1; not t2
Not t1; anxious t2
Anxious t1 & t2

371 (32.2%)
64 (40.0%)
33 (24.4%)
98 (33.9%)

400 (34.8%)
54 (33.8%)
35 (25.9%)
92 (31.8%)

380 (33.0%)
42 (26.3%)
67 (49.6%)
99 (34.3%)

1151
160
135
289

Depression

Not depressed t1 & t2
Depressed t1; not t2
Not t1; depressed t2
Depressed t1 & t2

485 (31.9%)
25 (53.2%)
33 (30.8%)
11 (25.6%)

523 (34.5%)
14 (29.8%)
33 (30.8%)
6 (14.0%)

510 (33.6%)
8 (17.0%)
41 (38.3%)
26 (60.5%)

1518
47
107
43

Smoking

Not smoking t1 & t2
Smoking t1; not t2
Not t1; smoking t2
Smoking t1 & t2

419 (33.0%)
22 (33.8%)
16 (33.3%)
118 (31.8%)

421 (33.1%)
25 (38.5%)
16 (33.3%)
125 (33.7%)

430 (33.9%)
18 (27.7%)
16 (33.3%)
128 (34.5%)

1270
65
48
371

Low t1 & t2
Alcohol
High t1; low t2
consumpLow t1; high t2
tion
High t1 & t2

127 (34.8%)
33 (28.2%)
19 (34.5%)
136 (35.1%)

123 (33.7%)
36 (30.8%)
20 (36.4%)
135 (34.9%)

115 (31.5%)
48 (41.0%)
16 (29.1%)
116 (30.0%)

365
117
55
387

Backache
in the last
12
months

No backache t1 & t2
Backache t1; not t2
Not t1; Backache t2
Backache t1 & t2

231 (34.0%)
132 (36.0%)
86 (26.5%)
63 (36.0%)

228 (33.6%)
119 (32.4%)
120 (37.0%)
49 (28.0%)

220 (32.4%)
116 (31.6%)
118 (36.4%)
63 (36.0%)

679
367
324
175

Backache
in the last
14 days

No backache t1 & t2
Backache t1; not t2
Not t1; Backache t2
Backache t1 & t2

297 (32.9%)
76 (33.3%)
60 (28.4%)
119 (34.3%)

306 (33.9%)
76 (33.3%)
78 (37.0%)
100 (28.8%)

300 (33.2%)
76 (33.3%)
73 (34.6%)
128 (36.9%)

903
228
211
347
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Table 58
Cross-tabulation of change scores in the NOF score & lifetime prevalence variables

NOF score
No change
450 (33.5%)
6 (66.7%)
113 (34.6%)
-

Increase
458 (34.1%)
1 (11.1%)
108 (33.0%)
3 (75.0%)

Total N
1342
9
327
4

Heart attack/
angina

No at t1 & t2
Yes t1; no t2
No t1; yes t2
Yes at t1 & t2

Decrease
434 (32.3%)
2 (22.2%)
106 (32.4%)
1 (25.0%)

Respiratory
disease

No at t1 & t2
Yes t1; no t2
No t1; yes t2
Yes at t1 & t2

427 (32.4%)
4 (28.6%)
108 (33.0%)
2 (40.0%)

436 (33.1%)
7 (50.0%)
117 (35.8%)
-

453 (34.4%)
3 (21.4%)
102 (31.2%)
3 (60.0%)

1316
14
327
5

CHD risk
factors

No at t1 & t2
Yes t1; no t2
No t1; yes t2
Yes at t1 & t2

410 (32.1%)
13 (28.3%)
26 (41.3%)
65 (31.0%)

449 (35.2%)
18 (39.1%)
10 (15.9%)
66 (31.4%)

417 (32.7%)
15 (32.6%)
27 (42.9%)
79 (37.6%)

1276
46
63
210

Cancer

No at t1 & t2
Yes t1; no t2
No t1; yes t2
Yes at t1 & t2

494 (32.1%)
4 (80.0%)
3 (50.0%)
9 (23.7%)

519 (33.7%)
1 (20.0%)
2 (33.3%)
16 (42.1%)

526 (34.2%)
1 (16.7%)
13 (34.2%)

1539
5
6
38

Table 59
Cross-tabulation of change scores in the NOF score & 12 month illness variables

No at t1 & t2
Yes t1; no t2
No t1; yes t2
Yes at t1 & t2

Decrease
383 (31.9%)
25 (33.8%)
16 (30.8%)
93 (33.3%)

NOF score
No change
404 (33.6%)
24 (32.4%)
17 (32.7%)
96 (34.4%)

Increase
414 (34.5%)
25 (33.8%)
19 (36.5%)
90 (32.3%)

Total N
1201
74
52
279

No at t1 & t2
Gastrointestinal
Yes t1; no t2
problems/
No t1; yes t2
depression
Yes at t1 & t2

328 (34.0%)
45 (29.2%)
34 (25.2%)
108 (32.3%)

326 (33.7%)
55 (35.7%)
45 (33.3%)
110 (32.9%)

312 (32.3%)
54 (35.1%)
56 (41.5%)
116 (34.7%)

966
154
135
334

Allergies
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Table 60
Cross-tabulation of change scores in the NOF score & 14 day illness variables

URTI’s

No at t1 & t2
Yes t1; no t2
No t1; yes t2
Yes at t1 & t2

Decrease
130 (29.4%)
121 (35.0%)
75 (29.6%)
199 (33.8%)

NOF score
No change
151 (34.2%)
118 (34.1%)
88 (34.8%)
192 (32.6%)

Increase
161 (36.4%)
107 (30.9%)
90 (35.6%)
198 (33.6%)

Total N
442
346
253
589

Psychological
symptoms

No at t1 & t2
Yes t1; no t2
No t1; yes t2
Yes at t1 & t2

150 (30.9%)
86 (36.3%)
50 (24.4%)
244 (34.3%)

178 (36.6%)
72 (30.4%)
71 (34.6%)
227 (31.9%)

158 (32.5%)
79 (33.3%)
84 (41.0%)
240 (33.8%)

486
237
205
711

Respiratory
symptoms

No at t1 & t2
Yes t1; no t2
No t1; yes t2
Yes at t1 & t2

380 (31.6%)
63 (40.9%)
37 (30.6%)
48 (30.4%)

415 (34.5%)
44 (28.6%)
36 (29.8%)
52 (32.9%)

408 (33.9%)
47 (30.5%)
48 (39.7%)
58 (36.7%)

1203
154
121
158

Gastrointestinal
problems

No at t1 & t2
Yes t1; no t2
No t1; yes t2
Yes at t1 & t2

394 (31.9%)
45 (31.3%)
54 (32.1%)
36 (36.7%)

421 (34.1%)
53 (36.8%)
51 (30.4%)
28 (28.6%)

420 (34.0%)
46 (31.9%)
63 (37.5%)
34 (34.7%)

1235
144
168
98

Table 61
Cross-tabulation of change scores in the NOF score & 14-day medication variables

Pain relief

No at t1 & t2
Yes t1; no t2
No t1; yes t2
Yes at t1 & t2

Decrease
328 (31.8%)
71 (37.0%)
65 (32.8%)
52 (31.7%)

NOF score
No change
349 (33.8%)
63 (32.8%)
68 (34.3%)
52 (31.7%)

Increase
356 (34.5%)
58 (30.2%)
65 (32.8%)
60 (31.7%)

Total N
1033
192
198
164

Psychosomatic
symptoms

No at t1 & t2
Yes t1; no t2
No t1; yes t2
Yes at t1 & t2

294 (30.4%)
199 (36.0%)
7 (31.8%)
18 (36.7%)

345 (35.7%)
163 (29.5%)
6 (27.3%)
15 (30.6%)

327 (33.9%)
191 (34.5%)
9 (40.9%)
16 (32.7%)

966
553
22
49
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7.4

RESULTS OF LOGISTIC REGRESSION ANALYSIS

There were two variables that showed an intuitive and consistent pattern of effects over the two
logistic regression analyses: work-stress and anxiety. For both these variables, an increase in the
NOF score was accompanied by the appearance of the outcome at time-2 (having been absent at
time-1); a decrease in the NOF score was accompanied by the disappearance of the outcome at
time-2 (having previously been present at time-1). There were significant effects found with
some other outcome variables but these were only associated with an increase or a decrease in
the NOF score and not both. These are summarised subsequently, but below is presented the
data for the work-stress and anxiety outcome variables.
7.4.1

Work-Stress

This variable was most significantly associated with a change in the total NOF score reported.
Individuals who reported finding work ‘very or extremely’ stressful at time-2 but not at time-1
were significantly more likely to have also shown an increase in their total NOF score at time-2.
At the other extreme, individuals who reported finding work ‘very or extremely’ stressful at
time-1 but not time-2 were significantly more likely to have also reported a decrease in their
total NOF score. This suggested that the NOF score tapped into work-stress very effectively.
This is shown in Table 62.
Table 62
Change in NOF score and work-stress

Increased NOF score, reported work to be very
or extremely stressful at t2

N
1621
133

OR
1.00
2.73

1.91 - 3.91

p
.0001
(df = 1)

Decreased NOF score, no longer very or
extremely stressed at work at t2

1592
162

1.00
3.07

2.21 - 4.27

.0001
(df = 1)

7.4.2

95% CI

Anxiety

This variable was significantly associated with a change in the total NOF score reported in the
same way as work stress. Individuals who were categorised as clinically anxious at time-2 but
not at time-1 were significantly more likely to have also shown an increase in their total NOF
score at time-2. At the other extreme, individuals who were categorised as clinically anxious at
time-1 but not time-2 were more likely to have also reported a decrease in their total NOF score.
This is shown in Table 63.
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Table 63
Change in NOF score and anxiety

Increased NOF score, categorised as clinically
anxious at t2

N
1600
135

OR
1.00
2.04

1.43 - 2.90

p
.0001
(df = 1)

Decreased NOF score, no longer categorised
as clinically anxious at t2

1575
160

1.00
1.43

1.02 - 1.99

.05
(df = 1)

7.4.3

95% CI

Summary of Other Findings

Below is offered a summary of the other significant associations between changes in the NOF
score and the differential presence and absence of the dichotomous outcomes at time-1 and
time-2. These findings are categorised by whether the significant effect was associated with an
increase or decrease in the total NOF score; those outcomes associated with an increase in the
NOF score are presented first.
7.4.4

Other Findings: Increased NOF Score, Increased Likelihood of Outcome

Reported ‘very or extremely bad’ life stress, gastrointestinal symptoms and/or depression in the
last 12 months and psychological symptoms in the last 14 days were all associated with an
increase in the total NOF score between time-1 and time-2. The odds ratios for these analyses
are shown in Table 64. This finding was highly significant for life stress and less so, although
still significant, for the other two outcomes.
Table 64
Increased NOF score and increased likelihood of outcome

Increased NOF score, reported life very or
extremely stressful at t2

N
1674
82

OR
1.00
2.23

Increased NOF score, reported gastrointestinal
symptoms/depression in the last 14 days at t2

1454
135

Increased NOF score, reported psychological
symptoms in the last 14 days at t2

1434
205

7.4.5

95% CI
1.43 - 3.48

p
.0001
(df = 1)

1.00
1.43

1.00 - 2.05

.05
(df = 1)

1.00
1.39

1.03 - 1.88

.05
(df = 1)

Other Findings: Decreased NOF Score, Decreased Likelihood of Outcome

Categorisation of the individual as clinically depressed, self-reported respiratory symptoms in
the last 14 days and prescribed psychotropic medication in the last 14 days were all significantly
associated with a decrease in the NOF score between time-1 and time-2. For individuals who
had these outcomes at time-1, a decrease in their NOF score between time-1 and time-2 was
associated with these individuals no longer having these outcomes at time-2. These are shown in
Table 65.

105

Table 65
Decreased NOF score and decreased likelihood of outcome

Decreased NOF score, no longer categorised as
clinically depressed at t2

N
1668
47

OR
1.00
2.45

1.37 - 4.38

p
.01
(df = 1)

Decreased NOF score, respiratory symptoms in
the last 14 days no longer reported at t2

1482
154

1.00
1.51

1.08 - 2.13

.05
(df = 1)

Decreased NOF score, no longer recently
prescribed psychosomatic medication at t2

1037
553

1.00
1.27

1.02 - 1.57

.05
(df = 1)

7.5

95% CI

SUMMARY

It was clear that changes in the NOF score were accompanied by parallel changes in the
categorisations of some stress and health variables. That the NOF score was associated with
work-stress was perhaps not surprising as all the earlier analyses had demonstrated that selfreported work-stress was most strongly associated with the NOF score in cross-sectional
analysis. It was clear that stress and mental health outcomes were those most strongly associated
with the NOF score and most sensitive to changes in the NOF score. Given the size of the
sample some variables exhibited little change or had small numbers in some categories (e.g.
psychotropic medicine, as seen in Table 65 above). A larger sample may have revealed other
findings.
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8.
8.1

ACCIDENT & EMERGENCY (A&E) STUDY

OVERVIEW

The previous chapter looked at the association between job characteristics and a range of health
and safety outcomes. Certain results were obtained and conclusions drawn; the dataset was large
and many of the outcomes of interest could be adequately investigated. One important outcome
that was more difficult to investigate in the combined (Bristol and South Wales) community
survey data was work-accidents. This was because the prevalence of work-accidents was small
and represented only a tiny number of cases of even such a large dataset. The study presented
here represents an investigation designed to increase the number of work-accident cases
available for analysis.

8.2

METHODOLOGY

A pilot study was conducted that sought to gain information about those workers who had
suffered an accident at work. These individuals were approached if and when they attended an
Accident & Emergency (A&E) department for medical treatment; this excluded those treated at
their worksite or at their general practitioner’s surgery. Similar methodologies have been
employed elsewhere (e.g. Kirschenbaum, Oigenblick & Goldberg, 2000; Smith, Harvey,
Richmond, Peters, Thomas & Brockman, 1994; Harker, Matheson, Ross & Seaton, 1991). This
pilot study is described below.
8.2.1

Pilot Study

This pilot study was conducted at the A&E department of the University of Wales Hospital in
Cardiff. Two researchers attended A&E daily to gather data. Potential participants were
identified as those who had been categorised by the triage nurse as having had a work-accident,
and if consent was given a short questionnaire was administered to them (in the form of a faceto-face interview if possible). For a comparison group, questionnaires would also be
administered to A&E attendees who were attending for non-work injuries (e.g. accident in the
home or sports injury). It was asked that the questionnaire should be completed whilst the
individual waited for treatment: it was anticipated it would take very little time (less than 5
minutes).
This pilot study used a questionnaire containing essential information about the injury, the
individual’s place of work and occupation; also asked was if anything about the workplace on
the day of the accident was different to usual. This was the minimum information16 that was
asked of them (the questionnaire was much shorter than that used for the community survey).
The pilot study in the form described above proved to be a very poor method of gathering data;
it proved harder to identify and process potential volunteers and once identified, individuals
generally proved more unwilling to take part than was hoped. What became clear was that it
would be more appropriate (though perhaps less satisfactory) to identify work-accidents
retrospectively and target these individuals (as well as any appropriate comparison groups) with
the full-length questionnaire. This informed the design of the eventual study and the
methodology for the main study is described in greater detail below.

16

They were also given the full-length questionnaire to take away and fill-in in their own time, but few
completed and returned this questionnaire.
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8.2.2

Main Study

Data collection was a collaborative effort with eight separate A&E departments; these were
located in some of the larger centres of population throughout Wales. These units were as
follows and situated at the following sites:
§
§
§
§
§
§
§
§

Glan Clywyd Hospital, Rhyl
Morriston Hospital, Swansea
Prince Philip Hospital, Llanelli
Princess of Wales Hospital, Bridgend
Royal Gwent Hospital, Newport
The University of Wales Hospital, Cardiff
West Wales General Hospital, Carmarthen
Wrexham Maelor Hospital, Wrexham

The University of Wales Hospital in Cardiff had been the site of the pilot study and was also the
first A&E department from which data was collected; this could be thought of as a secondary
pilot study, to assess the methodology that would eventually form the body of the main study.
Having assessed the relative success of the approach, this was rolled out to the other
departments. Given the general success of the pilot study (NB: despite the poor response rate,
see Section 8.3 below) further data collection went ahead.

8.3

PROCEDURE

Questionnaires were sent out to A&E attendees from the last six months that fitted the following
specific criteria:
§

1000 individuals who had been classified as having had an accident at work in the previous
six months

§

1000 individuals who had attended A&E following either a road traffic accident, a sports
accident or an accident in the home during the previous six months

§

500 individuals who had attended A&E for a medical (i.e. non-trauma) reason

It was specified that individuals aged between 18 and 40 years old should be selected from the
hospital medical records, this was undertaken to counteract the general age bias identified in the
community survey data. The most recent attendees were selected up to the maximum number
specified for each criterion. If this maximum number had not been reached by the six month
cut-off point, then the sampling was drawn to a close; questionnaires were distributed to as
many potential participants as were available within the six months sampling frame.
The study used an anonymous questionnaire delivered by post (NB: this questionnaire was
identical to that sent out for the South Wales study). The anonymity was clearly signified in the
covering letter and there were no ways of associating returned questionnaires with their point of
origin. The study was therefore cross-sectional in nature and there were no follow-up
questionnaires. The lack of any identifiers attached to the questionnaires meant it was not
possible to use reminders to increase the rate of response.
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8.4

RESPONSE RATE

The response rates were disappointingly low for all A&E departments. The total response rate
for the whole sample was 13.4%. The total response rate for just those individuals who
indicated that they were currently working at the time of completing the questionnaire was
10.5%. The poor response rate was likely due to two related facts: firstly the inability to
encourage completion of questionnaire due to anonymity and secondly the sensitive nature of
some questions (i.e. drug use)17.

8.5

ANALYTIC STRATEGY

All analyses were carried out using binary logistic regression as in previous chapters. Covariates
in the model were drawn from the same sources: the socio-demographic, occupational and
health-related variables. Descriptive statistics for these are subsequently tabulated. There were
eleven18 covariates included in the multivariate analysis, these were:
·
·
·
·
·
·
·
·
·
·
·

Age group (i.e.  25, 26-40,  41)
Male/full-time vs. female/full-time vs. male/part-time vs. female/part-time
Income (i.e. < £10K, £10K-19,999, £20K-29,999, > £30K)
Marital status (i.e. married/cohabiting vs. other)
Education (i.e. none, GCSEs, A-levels, City & Guilds, degree, higher degree)
Ethnicity (i.e. white vs. other)
Type of work (i.e. non-manual vs. manual work)
Work stress (i.e. not at all/mildly/moderately stressful vs. very/extremely stressful)
Life stress (i.e. not at all/mildly/moderately stressful vs. very/extremely stressful)
Health in the last 12 months (i.e. very good/good/fair vs. bad/very bad)
GHQ-12 score (i.e. 0-8, 9-11, 12-16, 17-36)

As in previous analyses, all covariates were entered into the regression equation using the
forced entry technique (i.e. all simultaneously). As with previous analyses, different contrasts
were also used as and when appropriate:
·
·
·

Indicator contrast (i.e. one category specified as the reference category)
Deviation contrast (i.e. each category compared to the overall effect of the variable)
Repeated contrast (i.e. each category [except first] is compared to previous category)

Analytic strategy for the previous analyses was based upon the ongoing investigation into the
NOF score’s association with the outcomes. This informed how the A&E data were to be
analysed. A number of questions were addressed using the A&E data, these were19:
·
·
·
·
·
·

Did the new methodology provide similar findings for work-accidents?
Were there similar patterns of findings for work-minor injuries and cognitive failures?
Was there a difference based upon different classifications of work-accident data?
Was the NOF score associated with accident proneness?
Was the NOF score associated with accident severity?
Was the NOF score associated with accident type?

17

Due to the nature of the methodology (i.e. highly selected sample) there was little point expecting the
sample to compare well with national or local census data.
18
These were the same as in the previous analyses; ‘location’ was the one covariate that was not useful
here for obvious reasons.
19
The first two of these five questions represent retesting of the findings from the previous analyses.
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·
·
·
8.6

What were the other risk factors for work-accidents?
What was the effect of these other risk factors in conjunction with work-accidents?
Was the NOF score associated with safety outside work?

DESCRIPTIVE STATISTICS OF THE COVARIATES

Descriptive statistics are shown in Table 66; data for both the combined (i.e. Bristol and South
Wales) survey dataset20 and the EU dataset are shown in comparison. The greatest differences
between the datasets were that in the EU dataset the proportion of male workers, workers aged
less than 40 years old, single workers (i.e. never married) and workers attaining City & Guilds
qualifications were greatly elevated.
Table 66
Socio-demographic characteristics of the samples

Survey

A&E data

Male
Female

2802 (43.0%)
3681 (56.5%)

1055 (52.9%)
912 (45.7%)

16-24 years old
25-39 years old
 40 years old

745 (11.4%)
2307 (35.4%)
3023 (46.4%)

400 (20.1%)
1367 (68.6%)
193 (9.7%)

 £10,000 p.a.
£10-19,999 p.a.
£20-29,999 p.a.
 £30,000 p.a.

1484 (22.8%)
2590 (39.8%)
1386 (21.3%)
863 (13.3%)

389 (19.5%)
970 (48.6%)
412 (20.7%)
155 (7.8%)

Married
Cohabiting
Single
Divorced/separated
Widowed

3732 (57.3%)
730 (11.2%)
1379 (21.2%)
511 (7.8%)
86 (1.3%)

847 (42.5%)
352 (17.7%)
600 (30.1%)
143 (7.2%)
6 (0.3%)

No academic achievements
GSCE/O levels
A levels
City & Guild
BA/BSc
Higher Degree/Professional qualification

656 (10.1%)
1425 (21.9%)
512 (7.9%)
1534 (23.6%)
804 (12.3%)
1326 (20.4%)

128 (6.4%)
411 (20.6%)
114 (5.7%)
835 (41.9%)
136 (6.8%)
291 (14.6%)

White
Non-white

6271 (96.3%)
165 (2.5%)

1927 (96.6%)
33 (1.7%)

20

The ‘combined’ data shown includes data taken from the second measurement wave in the Bristol
study. This was not previously tabulated but was the only time that work-accidents were investigated in
that study. This explains the reduced number of participants in comparison to the previously described
sample (i.e. in the last chapter).

110

Table 67 shows a comparison of the data from both the combined surveys and the A&E dataset
on certain occupational variables. It is clear that the A&E data contains a greater proportion of
full-time workers (more specifically full-time male workers) and a greater proportion of manual
workers (particularly skilled: manual and partially skilled workers).
Table 67
Comparison of the characteristics of the samples on occupational variables

Survey

A&E data

Full-time
Part-time

4795 (73.6%)
1563 (24.0%)

1680 (84.3%)
304 (15.2%)

Male & full-time
Male & part-time
Female & full-time
Female & part-time

2529 (38.8%)
231 (3.5%)
2266 (34.8%)
1332 (20.5%)

1002 (50.3%)
48 (2.4%)
655 (32.8%)
252 (12.6%)

Professional etc. (I)
Managerial & technical (II)
Skilled: non-manual (IIIa)
Skilled: manual (IIIb)
Partly skilled (IV)
Unskilled (V)

633 (9.7%)
2500 (38.4%)
1558 (23.9%)
687 (10.5%)
726 (11.1%)
241 (3.7%)

108 (5.4%)
604 (30.3%)
383 (19.2%)
408 (20.5%)
370 (18.6%)
104 (5.2%)

Non-manual (i.e. I, II, IIIa)
Manual (i.e. IIIb, IV, V)

4691 (72.0%)
1654 (25.4%)

1095 (54.9%)
881 (44.2%)

Social class based upon occupation:

With regards to stress outcomes it is evident from Table 68 that there were only slight increases
in the A&E data. There was however a greater proportion of individuals who described their
health in the last 12 months as ‘bad or very bad’. As to support this finding, when the GHQ-12
score was coded the same way in both datasets it was clear that there were a greater proportion
of individuals in the top quartile in the A&E dataset; there was a higher mean score for the
GHQ-12 in the EU dataset also.
Table 68
Comparison of the samples on certain health & stress variables

Survey

A&E data

Very/extremely stressed at work

1265 (19.4%)

417 (20.9%)

Find life very/extremely stressful

478 (7.3%)

172 (8.6%)

Health bad/very bad in last 12 months

169 (2.6%)

137 (6.9%)
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8.7

DESCRIPTIVE STATISTICS FOR THE OUTCOME VARIABLES

It was clear that the change in methodology was successful in greatly increasing the number of
participants who had work-accidents. This is clearly shown in Table 69: this was equivalent to
a near 10-fold increase in the proportion of the sample that had at least one accident at work.
The proportion that either had reported one work-accident only or had reported more than one
work-accident was similar in both datasets. However, the greater number of work-accidents in
the A&E dataset meant this was in excess of a 3-fold increase in real terms. It was also clear that
‘frequent or very frequent’ minor injuries were proportionally over twice as likely to be reported
in the A&E dataset. Taken together this information suggests that the A&E dataset consists
largely of acute minor (i.e. non-severe) work-accidents.
Table 69
Comparison of the samples for accidents at work and related outcomes

Survey

A&E data

5945 (91.3%)
312 (4.8%)

1078 (54.1%)
820 (41.8%)

246 (78.85%)
66 (21.15%)

616 (75.1%)
204 (24.9%)

586 (9.3%)
718 (11.2%)

433 (21.7%)
198 (9.9%)

Work-accidents:
None in the past 12 months
1 or more in the past 12 months
Accident proneness:
1 accident in the past 12 months
2 accidents or more in the past 12 months
Other related outcomes:
Frequent minor injuries at work
Frequent cognitive failures at work

These variables were available in both the survey and A&E datasets; there were other workaccident related variables that were exclusive to the A&E dataset. These were: accident severity
and accident type. Data for these outcomes are shown in Table 70.
8.7.1

Accident Severity (i.e. When Returned to Work After the Accident)

Over 40% of those participants who had had a work-accident either returned to work on the
same or the next day; the number returning after 2, 3 or 4 days was small, particularly when
compared to the number returning after 5 days off work. Less than 5% were still off work at the
time of completing the survey.
8.7.2

Accident Type

Accident type was divided into four categories. These were not necessarily mutually exclusive,
specific accidents could involve more than one type of accident. The single most common type
of injury was one which occurred whilst lifting or handling (24.2%); this was followed by being
struck by a moving object (18.5%) and a slip or trip at the same level (16.3%). To make better
use of the available data certain of these variables were collapsed so that the following four
outcomes were left:
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·
·
·
·

Striking against something
Slip, trip or fall
Lifting/handling injury
Exposure to hazard

All but ‘lifting/handling injury’ consists of four separate checklist items and the outcome refers
to those exposed to one or more of these outcomes. Descriptive statistics for these outcomes and
their constituent items are shown in Table 70. There were the less well categorised accident
types: trapped under something, drowning/asphyxiation, injured by an animal, act of violence
and ‘other’ accident. These are shown in Table 70 as ‘other accident type’.
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Table 70
Other work-accidents related outcomes

A&E data
When returned to work after accident:
Same day as accident
Day after accident
2nd day after accident
3rd day after accident
4th day after accident
5th day after accident
Still off work after accident

197 (24.0%)
146 (17.8%)
66 (8.1%)
62 (7.6%)
38 (4.6%)
228 (27.8%)
39 (4.8%)

Same day – 3rd day after accident
4th day after accident – still off work

471 (57.5%)
305 (37.2%)

Accident type:
Striking against:
1. Machinery
2. Moving object
3. Fixed (i.e. static) object
4. Vehicle

66 (8.0%)
152 (18.5%)
9 (1.1%)
126 (15.4%)

Striking again something21

315 (38.4%)

1. Slip or trip on the same level
2. Fall from up to 2 metres
3. Fall from over 2 metres
4. Fall from unspecified height

134 (16.3%)
33 (4.0%)
16 (2.0%)
11 (1.3%)

Slip, trip or fall22

188 (22.9%)

Lifting/handling injury

199 (24.2%)

Exposure to:
1. Harmful substance
2. Fire
3. Explosion
4. Electricity

58 (7.1%)
3 (0.4%)
3 (0.4%)
9 (1.0%)

Exposure to hazard23

70 (8.5%)

Other injury type

155 (18.9%)

21

One or more of machinery, moving object, fixed object and vehicle
One or more of a slip/trip on the same level and a fall from any height
23
One or more of harmful substance, fire, explosion and electricity
22
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8.7.3

Outcomes Related to Safety Outside the Workplace

The main focus was on whether job characteristics were associated with different aspects of
work-accident occurrence. However, it was also pertinent to consider whether these variables
were associated with aspects of safety outside of the workplace, namely accidents outside of
work and road-traffic accidents. Descriptive statistics for these variables are shown in Table 71
below.
Table 71
Outcomes related to safety outside the workplace

A&E data
Accidents outside work:
None
1 accident
2 or more accidents

1191 (65.4%)
525 (26.6%)
108 (5.5%)

1 or more accidents outside work

633 (32.9%)

Road-traffic accidents (RTA):
None
1 RTA
2 RTAs or more

1609 (83.5%)
206 (10.7%)
20 (1.0%)

1 or more RTAs

226 (11.7%)

Accidents outside work and/or RTAs:
No RTA, accident outside work, work-accident
Accidents outside work and/or RTAs

8.8

443 (43.4%)
577 (56.6%)

NEGATIVE OCCUPATIONAL FACTORS SCORE AND OTHER DERIVED
VARIABLES

The Negative Occupational Factors (NOF) score was calculated in the same way as in the
previous analyses; based on mean scores for all individual items. Other derived scores were
calculated for use where appropriate. These scores were the same (and were calculated in the
same way) as those variables used in the previous analyses. Firstly, scores were created that
represented the separate components of the NOF score:
·
·
·

Job Demand-Control-Support Model (Karasek, 1979; Johnson & Hall, 1988)
Effort-Reward Imbalance Model (Siegrist, 1996)
Working hours and exposure to workplace hazards

As previously, these were coded in such a way as to reflect the different potential combinations
of high and low exposure to stressors that the individual reported. Secondly, depending on the
association of these components with the outcomes, further tailor-made new variables were be
created that reflected the precise significant risk factors for the outcome (NB: these will be
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described as and when they are introduced). It was expected that working hours and exposure to
workplace hazards would be associated with the occurrence of work-accidents as it had been
previously24; with that in mind the 16-category predictor reflecting the differential exposure to
the working hours and exposure to workplace hazards items was also calculated (NB: this was
previously described in Section 5.5.1).

8.9

DESCRIPTIVE STATISTICS FOR SCORE ITEMS

Descriptive statistics for constituent NOF score items are presented in Tables 72, 73 and 74. As
previously, all were coded 0-3 (NB 3 being the most negative). Except where signified with an
asterisk all items are coded 0-3 from left to right: positive to negative (NB this is reversed if
there is an asterisk).
Table 72 shows the descriptive statistics for the four physical hazards and the four working
hours items. Making a comparison of these data with Table 14 demonstrates that all stressors
were more frequently reported using this methodology.
Table 72
Descriptive statistics for physical hazards and working hours items

Never

Seldom

Sometimes

Often

52.8%
52.7%
74.1%
52.9%

10.1%
12.4%
9.6%
12.5%

15.9%
18.1%
9.6%
21.4%

20.0%
15.7%
5.4%
12.0%

53.7%
62.7%
39.7%
54.3%

6.8%
3.0%
8.1%
9.5%

18.2%
5.4%
19.0%
17.4%

19.8%
27.4%
31.8%
17.3%

Physical hazards:
Exposure to fumes
Handling harmful substances
Ringing in ears
Background noise
Working hours:
Night work
Shift work
Long/unsociable hours
Unpredictable hours

For the items that constituted both the Job Demand-Control-Support Model and the EffortReward Imbalance Model there were far fewer differences. When the profiles of Tables 73 and
74 on the subsequent pages are compared to those of Tables 15 and 16 respectively it is
apparent that there were no striking differences and considerable similarities despite the
divergent methodologies employed.

24

Previously this association had only been identified as an isolated effect: one not present when the other
components of the NOF score were included in the model. It was anticipated here that the greater number
of work-accidents would enable this issue to be addressed more effectively.
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Table 73
Descriptive statistics for job demand-control-support model items

Never

Seldom

Sometimes

Often

9.7%
9.3%
16.6%
30.8%

8.4%
10.6%
24.5%
20.8%

42.7%
39.0%
34.0%
34.5%

38.1%
39.9%
23.7%
12.6%

6.2%
9.7%
13.3%
14.1%
18.0%

11.5%
12.8%
18.8%
14.9%
19.1%

38.8%
32.5%
34.3%
31.4%
35.5%

41.9%
43.1%
31.5%
37.6%
26.2%

18.6%

22.2%

35.2%

22.7%

10.5%
9.6%
3.9%
5.0%
11.5%
33.9%
12.3%
26.6%
10.6%
12.6%
12.5%
32.1%
23.5%
50.1%
35.3%

10.1%
11.3%
5.6%
10.9%
12.5%
20.1%
10.2%
18.7%
15.6%
17.6%
15.4%
16.0%
10.6%
19.4%
19.3%

35.7%
29.5%
26.0%
34.2%
34.3%
31.0%
33.0%
31.1%
42.0%
36.1%
31.9%
24.5%
21.6%
14.3%
21.6%

43.0%
48.9%
63.3%
49.1%
40.8%
14.0%
42.4%
20.5%
29.3%
31.4%
37.4%
22.8%
40.9%
8.8%
17.9%

Job demand:
Work fast
Work intensively
Enough time*
Demands hard to combine
Work social support:
Help/support from colleagues*
Colleagues listen to problems*
Help/support from superior*
Superiors listen to problems*
Sufficient information from
management*
Consistent information from
management*
Decision latitude:
Learn new things*
High skill level*
Can take initiative*
Same thing over and over
Variety of interesting things*
Find job boring
Choice in HOW work*
Choice in WHAT work*
Others decide
Lot of say in decisions*
A say in work speed*
Flexible working time*
Decide when take break*
Choose who work with*
Say in planning work
environment*
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Table 74
Descriptive statistics for effort-reward imbalance model items

Reward:
Have experienced/expect to
experience undesirable change
at work
Job promotions prospects are
poor
Job security is poor
Treated unfairly at work
Considering all efforts my work
prospects are adequate
Receive respect I deserve from
superiors/colleagues
Experience adequate support in
difficult situations
Considering all efforts I receive
the respect/prestige I deserve

Not at all
distressed

Somewhat
distressed

Rather
distressed

Very
distressed

66.8%

14.4%

10.7%

5.5%

55.4%

17.9%

15.6%

8.0%

79.1%
82.3%
71.1%

8.6%
7.8%
15.2%

5.6%
5.3%
6.5%

4.2%
2.6%
3.6%

71.0%

15.2%

7.5%

2.9%

74.4%

14.0%

5.6%

2.7%

65.9%

18.8%

8.2%

3.3%

47.5%

32.6%

14.5%

3.4%

39.6%
40.4%
66.2%

37.0%
32.5%
15.6%

17.5%
19.7%
11.8%

3.9%
4.4%
4.3%

Disagree

Somewhat
disagree

Somewhat
agree

Agree

3.7%

8.5%

39.6%

46.2%

12.2%

19.6%

40.6%

25.6%

35.4%

22.0%

22.6%

18.2%

40.1%

23.7%

21.5%

12.9%

37.0%

20.9%

23.1%

17.1%

39.0%

22.3%

24.5%

12.5%

26.6%

23.6%

29.3%

18.3%

43.2%

20.9%

21.6%

12.5%

Extrinsic effort:
Constant time pressure due to
heavy workload
Many interruptions/disturbances
Lots of responsibility
Under pressure to work
overtime

Intrinsic effort:
If task has to be done well,
better do it myself
Get very upset when hindered in
duties
As soon as get up start thinking
about work problems
When come home, can easily
relax and switch off from work
People close to me say I
sacrifice too much for my job
Work rarely lets me go, still on
mind when go to bed
Every so often like it when
others hold me back from work
If I postpone something I was
meant to do today, I will have
trouble sleeping at night
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9.
9.1

WORK-ACCIDENTS

OVERVIEW

The following chapter presents a series of analyses intended to replicate those carried out on the
community survey data, with regards specific accident and injury outcomes.

9.2

ASSOCIATION OF NOF SCORE WITH WORK-ACCIDENTS

There was a stronger association between the NOF score and work-accidents using this
methodology (p < .0001). The odds ratios were greater for each quartile than previously seen
(compare Table 75 below with Table 18). The odds ratios for the 3rd and 4th quartiles were
significantly greater than unity; in the previous analyses it was only the 4th quartile that had an
odds ratio significantly greater than the reference category (i.e. the 1st quartile).
Table 75
NOF score and work-accidents

N
404
411
364
391

9.2.1

1st quartile
2nd quartile
3rd quartile
4th quartile

OR

95% CI

1.00
1.27
1.83
2.00

0.93 - 1.74
1.33 - 2.54
1.41 - 2.83

p
.0001
(df = 3)

NOF Score and Standard Occupational Classification Major Groups

With the greater number of work-accidents in the EU dataset it was possible to look at the data
in more detail. This 36-category variable was significantly associated with work-accidents (p <
.0001). It was evident that work-accidents were significantly more likely (than the overall effect
of the variable) to occur in the 4th quartile of the NOF score for the following occupational
groups: professional occupations (OR = 2.63, 95% CI = 1.05 - 6.55), sales occupations (OR =
2.79, 95% CI = 1.07 - 7.31), and plant and machine operatives (OR = 2.28, 95% CI = 1.26 4.14). There was one other significant category: craft and related occupations (OR = 2.32, 95%
CI = 1.16 - 4.66) in the 3rd quartile of the NOF score only.
9.2.2

NOF Score and Current Employment Status

This 16-category variable was significantly associated with work-accidents (p < .01). Workaccidents were significantly more likely (than the overall effect of the variable) to occur in the
3rd (OR = 1.54, 95% CI = 1.14 - 2.08) and 4th (OR = 1.81, 95% CI = 1.34 - 2.44) quartiles of the
NOF score for employees only, and not managers, supervisors or self-employed workers.
9.2.3

Stress Mediation and NOF Score

This 8-category variable was significantly associated with work-accidents (p <.01); when
looking at the NOF score stratified by high or low work-stress it was apparent that workaccidents were significantly more likely (than the overall effect of the variable) to occur in the
4th quartile high work-stress category only (OR = 1.51, 95% CI = 1.07 - 2.14). Addressing this
question slightly differently however (NB: using a ‘repeated contrast’ – comparing each
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category to the previous category) showed that there were no significant differences between the
high and low stress categories for each quartile.
9.3

SEPARATE COMPONENTS OF THE NOF SCORE

Having investigated the association between the NOF score and work-accidents, the three
constituent components were now considered; this was carried out with each component
individually and then with all three simultaneously included in the regression model. These
analyses made it clear that whether separately or together neither job demand-control-support
nor effort-reward imbalance were associated with work-accidents. The only component that was
significantly associated with work-accidents was exposure to hazards/working hours; this was
significant whether the other components were included in the regression model or not.
9.3.1

Exposure to Hazards/Working Hours and Work-Accidents

Previously, work-accidents had been associated with the exposure to hazards/working hours
variable in isolation but not when the other components of the NOF score (i.e. job demandcontrol-support and effort-reward imbalance) were included. This was not the case here, there
was very little difference between the odds ratios with the inclusion or exclusion of the other
components, and this is shown in Table 76.
Table 76
Exposure to hazards/working hours (4-categories) and work-accidents

N

OR

95% CI

Hazards/
working hours
(single
component)

480
314
256
510

Low hazards, low work hrs
Low hazards, high work hrs
High hazards, low work hrs
High hazards, high work hrs

1.00
1.42
2.49
3.53

1.02 - 1.98
1.75 - 3.54
2.59 - 4.80

Hazards/
working hours
(all 3
components)

468
311
248
497

Low hazards, low work hrs
Low hazards, high work hrs
High hazards, low work hrs
High hazards, high work hrs

1.00
1.37
2.46
3.29

0.98 - 1.92
1.72 - 3.54
2.39 - 4.53

9.3.2

p
.0001
(df = 3)

.0001
(df = 3)

Stress Mediation and Exposure to Hazards/Working Hours

This 16-category variable had not been previously calculated but was significantly associated
with work-accidents (p < 0.0001). When looking at the exposure to hazards/working hours
component stratified by high or low work-stress it was apparent that work-accidents were
significantly more likely (than the overall effect of the variable) to occur in the ‘high hazards,
high work hours’ group regardless of the level of work-stress reported (low stress OR = 1.69,
95% CI = 1.33 - 2.16; high stress OR = 2.48, 95% CI = 1.74 - 3.54). This suggested that
exposure to hazards/working hours was not mediated by work-stress.

9.3.3

Decomposing Exposure to Hazards/Working Hours Component

Table 77 shows the further investigation of the association between exposure to
hazards/working hours and work-accidents. The association was still highly significant. Six
categories had odds ratios where the lower-bound 95% confidence interval was greater than
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unity. It was clear that the number of stressor dyads was very important as all those categories
which represented combinations of three stressors were significant. The other significant
categories were: the final category representing exposure to all stressors and the category
representing exposure to the fumes/harmful substances and the ringing ears/background noise
dyads. Certain other categories (these are highlighted with an asterisk) were suggestive of a
greater risk of work-accidents but in each case the lower-bound 95% confidence interval
crossed unity. It may be that with a greater sample size this would have been resolved.
Table 77
Exposure to hazards/working hours only (16-categories) and work-accidents

N
281
35
97
65
63
143
17
7
22
93
47
155
74
28
93
350

None
N/SHF*
UNSC/PRD
FUM/SBS
NOISE
N/SHF, UNSC/UNPRD
N/SHF, FUM/SBS
N/SHF, NOISE
UNSC/PRD, NOISE*
FUM/SBS, NOISE
UNSC/PRD, FUM/SBS*
N/SHF, UNSC/PRD, FUM/SBS
N/SHF, UNSC/PRD, NOISE
N/SHF, FUM/SBS, NOISE
UNSC/PRD, FUM/SBS, NOISE
Exposed to all stressors

OR

95% CI

1.00
1.78
0.73
1.40
1.32
1.15
1.32
0.53
1.74
2.06
1.85
2.20
1.76
2.94
2.40
3.98

0.82 - 3.87
0.40 - 1.32
0.77 - 2.54
0.71 - 2.45
0.72 - 1.83
0.46 - 3.85
0.06 - 4.56
0.67 - 4.50
1.22 - 3.48
0.94 - 3.62
1.42 - 3.42
1.00 - 3.09
1.29 - 6.73
1.41 - 4.09
2.72 - 5.83

p
.0001
(df = 15)

N/SHF = night work and/or shift work
UNSC/PRD = long, unsociable hours and/or unpredictable hours
FUM/SBS = fumes exposure and/or exposure to harmful substances
NOISE = left with a ringing in the ears and/or disturbed by background noise
* = large odds ratio yet lower-bound 95% confidence interval crosses unity

9.4

OTHER OUTCOMES

9.4.1

Work-Minor Injuries

This outcome was not significantly associated with the NOF score (NB it had been so in the
previous analyses). When each component was added individually, job demand-control-support
(p < .05) and exposure to hazards/working hours (p < .0001) were both significantly associated
with work-minor injuries; effort-reward imbalance was not so. When all components were
added simultaneously only exposure to hazards/working hours (p < .0001) was significant.
Further decomposition of the hazards/working hours items revealed that the 16-category
predictor was significantly associated (p < .05) with work-minor injuries. Three categories were
significantly associated with the risk of reporting frequent work minor injuries: ‘fumes/harmful
subs. & ringing ears/noise’ (OR = 2.12, 95% CI = 1.16 - 3.91); ‘long, unsociable/unpredictable
hours & fumes/harmful subs. & ringing ears/noise’ (OR = 2.74, 95% CI = 1.49 - 5.04); and
‘exposure to all stressors’ (OR = 2.29, 95% CI = 1.43 - 3.68). It was clear that work-minor
injuries were less strongly associated with negative occupational factors here than they had been
in previous analyses.
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Other risk factors for reporting frequent work-minor injuries were: being a male worker, being a
worker aged less than 25 years old, having attained City & Guilds qualifications and being a
manual worker.
9.4.2

Work-Cognitive Failures

There was no significant association between the work-cognitive failures outcome and the NOF
score or any of the derived variables. Work-cognitive failures had only weakly been associated
with the NOF score in the previous analyses and so perhaps this was of little surprise.
Other risk factors for reporting work-cognitive failures in this analysis were earning in excess of
£30K per annum, being a non-manual worker and having no educational qualifications or
having City & Guilds qualifications.

9.5

HOSPITAL CLASSIFICATION VS. SELF-REPORTS

Using this alternative methodology enabled a comparison to be made between the individual’s
self-report of work-accident occurrence and the classification of the accident made by the A&E
staff. There was unsurprisingly some discrepancy between these two methods of classification,
as shown in Table 78 below, but they had little effect on the analyses.
Table 78
Comparison of the hospital classification and self-reports of accidents

No work-accident
Case – work-accidents
Control – accidents outside work
Non-trauma – non-accident admissions

137 (17.9%)
677 (82.8%)
262 (83.7%)

1 or more workaccidents
629 (82.1%)
141 (17.2%)
51 (16.3%)

The same pattern of odds ratios was found for the NOF score and exposure to hazards/working
hours (4-category) variables; there were some difference seen when analysing the exposure to
hazards/working hours (16-category) variable but these were not substantial. The findings for
this analysis are shown in Table 79 below. Significant effects for categories ‘night/shift & long,
unsociable/unpredictable hours & noise’ and ‘night/shift & fumes/harmful substances & noise’
using the self-report classification were not so using the A&E classification (NB these
categories are marked in the Table below with an asterisk).
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Table 79
Exposure to hazards/working hours only and work-accidents (hospital classification)

N
294
36
100
69
65
148
18
7
22
98
48
161
80
28
98
364

None
N/SHF
UNSC/PRD
FUM/SBS
NOISE
N/SHF, UNSC/UNPRD
N/SHF, FUM/SBS
N/SHF, NOISE
UNSC/PRD, NOISE
FUM/SBS, NOISE
UNSC/PRD, FUM/SBS
N/SHF, UNSC/PRD, FUM/SBS
N/SHF, UNSC/PRD, NOISE*
N/SHF, FUM/SBS, NOISE*
UNSC/PRD, FUM/SBS, NOISE
Exposed to all stressors

OR

95% CI

1.00
1.72
0.64
1.08
1.22
1.19
2.05
1.15
1.76
2.15
1.56
2.49
1.63
0.96
1.98
3.09

0.80 - 3.67
0.35 - 1.18
0.59 - 1.96
0.66 - 2.25
0.76 - 1.88
0.75 - 5.66
0.20 - 6.43
0.68 - 4.54
1.29 - 3.58
0.80 - 3.07
1.62 - 3.82
0.94 - 2.82
0.41 - 2.29
1.17 - 3.34
2.13 - 4.48

p
.0001
(df = 15)

* = lower-bound 95% confidence interval crossed unity here BUT not when the self-reported data was
used.

9.6

ACCIDENT PRONENESS

‘Accident proneness’ here refers specifically to the differential classification of those
individuals who had had work-accidents into those who had had only one work-accident in the
previous 12 months and those who had had two or more (NB it may also be thought of as
‘multiple accident occurrence’). The descriptive statistics for this were tabulated previously (see
Table 75). The NOF score proved to be unrelated to accident proneness; of the individual
components, both job demand-control-support (p < .10) and exposure to hazards/working hours
(p < .10) showed some degree of association with the outcome when included in the regression
alone. When all three components were included together there remained only a marginally
significant effect of exposure to hazards/working hours (p < .10). These findings are
documented in Table 80 below.
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Table 80
JDCS, exposure to hazards/working hours and accident proneness

N

OR

95% CI

0.39 - 2.15
0.31 - 1.38
0.71 - 2.88
0.37 - 1.93
0.66 - 3.05
0.31 - 1.26
0.89 - 3.31

Job-demandcontrolsupport
(single
component)

114
48
88
80
55
61
98
100

Low JD, high SS, high DL
Low JD, low SS, high DL
Low JD, high SS, low DL
High JD, high SS, high DL
High JD, high SS, low DL
High JD, low SS, high DL
Low JD, low SS, low DL
High JD, low SS, low DL

1.00
0.92
0.66
1.43
0.84
1.42
0.63
1.71

Job-demandcontrolsupport
(all 3
components)

114
46
86
79
55
58
96
97

Low JD, high SS, high DL
Low JD, low SS, high DL
Low JD, high SS, low DL
High JD, high SS, high DL
High JD, high SS, low DL
High JD, low SS, high DL
Low JD, low SS, low DL
High JD, low SS, low DL

1.00
0.94
0.63
1.17
0.82
1.20
0.62
1.53

0.39 - 2.25
0.29 - 1.36
0.56 - 2.44
0.34 - 1.93
0.52 - 2.76
0.30 - 1.28
0.74 - 3.17

Hazards/
working
hours (single
component)

115
103
130
295

Low hazards, low work hrs
Low hazards, high work hrs
High hazards, low work hrs
High hazards, high work hrs

1.00
1.08
2.11
1.95

0.51 - 2.30
1.06 - 4.21
1.02 - 3.72

Hazards/
working
hours (all 3
components)

114
103
128
286

Low hazards, low work hrs
Low hazards, high work hrs
High hazards, low work hrs
High hazards, high work hrs

1.00
1.08
2.16
1.79

0.50 - 2.35
1.06 - 4.39
0.92 - 3.49

p
.079
(df = 7)

.297
(df = 7)

.059
(df = 3)

.091
(df = 3)

Few other predictors proved to be associated with accident proneness; it was however
demonstrated that multiple accidents were more likely to occur in manual workers (OR = 1.57,
95% CI = 1.01 - 2.45). There was also some suggestion that male full-time workers were more
likely to have multiple accidents. This was also the case with those with no formal educational
qualifications, and ethnic minorities appeared to be at greater risk also. These findings were
hampered by the relatively small amounts of data for these categories.
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9.7

ACCIDENT SEVERITY

‘Accident severity’ is used here to specifically refer to the length of time taken off work
following the accident25. This variable was dichotomised to draw the distinction between taking
longer than three days off following the accident and taking less than three days off. It was
evident that there was no significant association between the NOF score and accident severity.
When looking at the components of the NOF score only exposure to hazards/working hours
suggested an association; even here this was marginally significant only, although much less so
when all three components were included simultaneously. The data for exposure to
hazards/working hours are shown in Table 81 below. It seems that those workers categorised as
exposed to ‘high hazards, high working hours’ were significantly more likely than those
categorised as exposed to ‘low hazards, low working hours’ to have been off work for over
three days following an accident at work.
Table 81
Exposure to hazards/working hours and accident severity

N

OR

95% CI

Hazards/
working
hours (single
component)

107
93
125
286

Low hazards, low work hrs
Low hazards, high work hrs
High hazards, low work hrs
High hazards, high work hrs

1.00
1.60
1.25
1.76

0.85 - 2.99
0.68 - 2.31
1.00 - 3.08

Hazards/
working
hours (all 3
components)

106
93
123
277

Low hazards, low work hrs
Low hazards, high work hrs
High hazards, low work hrs
High hazards, high work hrs

1.00
1.55
1.22
1.92

0.81 - 2.96
0.65 - 2.31
1.07 - 3.45

p
.178
(df = 3)

.104
(df = 3)

Very few covariates were significantly associated with this outcome; however workers
categorised as not married or cohabiting were more likely to have taken more than three days
off work following their accident. Aside from the accident specifically, those workers who had
taken more than three days off work were more likely to report that their health had generally
been ‘bad or very bad’ over the previous 12 months.

9.8

ACCIDENT TYPE

‘Accident type’ was divided into four categories: slips, trips and falls; handling/lifting injuries;
exposure to hazards; striking against something26. Descriptive statistics for these were
previously tabulated (see Table 71). Each of these was used to create a dichotomous variable
suitable for logistic regression analysis: the specific accident type versus other accident types.
This meant that there was a separate variable for each accident type, four variables in all. A
summary for each of these categories of accident type in turn is presented below.

25

NB ‘severity’ is here used to refer, somewhat simplistically perhaps, to the interpretation that the
longer the time taken off work – the more severe the injury must have been. It is acknowledged that there
were perhaps competing explanations available.
26
There were other, less frequent, accident types that have not been included in this investigation.
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9.8.1

Striking Against Something

There was a marginally significant association between this type of accident and the NOF score
(p < .10). The odds ratios were not however seen to increase with the quartile of the NOF score:
the greatest odds ratio was seen for the 2nd quartile. This is shown in Table 82 below. Analysis
of the components of the NOF score did not reveal any significant associations with this type of
accident.
Table 82
NOF score and accident type: striking against something

N
1st quartile (reference)
2nd quartile
3rd quartile
4th quartile

126
162
186
220

9.8.2

OR

95% CI

1.00
1.68
1.50
1.01

1.00 - 2.83
0.89 - 2.54
0.59 - 1.73

p
.059
(df = 3)

Slips, Trips and Falls

This type of accident was not significantly associated with the NOF score. Investigation of the
components revealed that there was a marginally significant association of this type of accident
with the exposure to hazards/working hours variable. This was not in the way that one may have
hypothesised however: in comparison to the overall effect of the variable, slips, trips and falls
were more likely in those workers who reported low exposure to hazards and working hours.
Data for this analysis, using a deviation contrast, is shown in Table 83.
Table 83
Exposure to hazards/working hours and accident type: slips, trips and falls

N

OR

95% CI

p

Hazards/
working
hours (single
component)

127
108
138
317

Low hazards, low work hrs
Low hazards, high work hrs
High hazards, low work hrs
High hazards, high work hrs

1.48
1.03
0.70
0.95

1.03 - 2.15
0.69 - 1.52
0.47 - 1.03
0.70 - 1.28

.138
(df = 4)

Hazards/
working
hours (all 3
components)

126
108
136
307

Low hazards, low work hrs
Low hazards, high work hrs
High hazards, low work hrs
High hazards, high work hrs

1.55
0.98
0.70
0.94

1.06 - 2.27
0.66 - 1.46
0.47 - 1.05
0.68 - 1.29

.124
(df = 4)

9.8.3

Handling or Lifting Injuries

This type of accident was not significantly associated with the NOF score. Investigation of the
components revealed that there was a significant association of this type of accident with the job
demand-control-support variable. Workers categorised in the hypothesised ‘most negative’
group (i.e. high demand, low control, low support) had the greatest odds ratio. High job-strain
showed the greatest risk associated with handling or lifting injuries; this is shown in Table 84
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(NB: it is worth noting that the small numbers in some categories may have affected some
findings).
Table 84
JDCS and accident type: handling or lifting injuries

N

OR

95% CI

Job-demandcontrolsupport
(single
component)

123
54
92
82
60
66
106
108

Low JD, high SS, high DL
Low JD, low SS, high DL
Low JD, high SS, low DL
High JD, high SS, high DL
High JD, high SS, low DL
High JD, low SS, high DL
Low JD, low SS, low DL
High JD, low SS, low DL

1.00
1.05
1.22
0.86
0.64
0.65
0.69
1.84

0.48 - 2.27
0.63 - 2.34
0.42 - 1.75
0.28 - 1.44
0.29 - 1.45
0.35 - 1.34
0.99 - 3.41

Job-demandcontrolsupport
(all 3
components)

123
52
90
81
60
63
104
104

Low JD, high SS, high DL
Low JD, low SS, high DL
Low JD, high SS, low DL
High JD, high SS, high DL
High JD, high SS, low DL
High JD, low SS, high DL
Low JD, low SS, low DL
High JD, low SS, low DL

1.00
0.93
1.11
0.86
0.60
0.61
0.61
1.64

0.41 - 2.09
0.60 - 2.16
0.41 - 1.80
0.25 - 1.40
0.26 - 1.42
0.30 - 1.22
0.84 - 3.24

9.8.4

p
.04
(df = 7)

.06
(df = 7)

Exposure to Hazards

This type of accident was not significantly associated with the NOF score. Investigation of the
components revealed that there was a marginally significant association of this type of accident
with the exposure to hazards/working hours variable. It was apparent that those workers
categorised as exposed to ‘high hazards, high work hours’ were at greater risk than the reference
category (i.e. low hazards, low work hours); this is shown in Table 85. Using a repeated contrast
(i.e. comparing each category to the previous category) showed that there was no significant
difference between the ‘high hazards, high work hours’ and ‘high hazards, low work hours’
categories.
Table 85
Exposure to hazards/working hours and accident type: exposure to hazards

N

OR

95% CI

Hazards/
working
hours (single
component)

127
108
138
317

Low hazards, low work hrs
Low hazards, high work hrs
High hazards, low work hrs
High hazards, high work hrs

1.00
1.68
1.91
2.75

0.62 - 4.59
0.70 - 5.22
1.10 - 6.80

Hazards/
working
hours (all 3
components)

126
108
136
307

Low hazards, low work hrs
Low hazards, high work hrs
High hazards, low work hrs
High hazards, high work hrs

1.00
1.70
1.85
2.66

0.62 - 4.69
0.67 - 5.13
1.04 - 6.78
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p
.150
(df = 3)

.208
(df = 3)

9.9

WORK-ACCIDENTS IN CONJUNCTION WITH OTHER RISK FACTORS

Additional risk factors for work-accidents were: being a manual worker and being aged less
than 25 year old; these were additionally significant variables from amongst the covariates
included in the multivariate models.
9.9.1

NOF Score, Other ‘Risk’ Factors and Work-Accidents

A new multilevel variable was derived that reflected the quartile of the Negative Occupational
Factors (NOF) score that the individual’s score fell into plus the additional identified risk
factors. For work-accidents, as there were only two additional risk factors this variable reflected
all quartiles of the NOF score plus either additional risk factor or both in combination. Thus it
had 16-categories. Data for the analyses using this variable are shown in Table 86.
Odds ratios increased both as a function of the quartile of the NOF score and the number of
additional risk factors. It was clear that being a manual worker was a far greater risk factor than
being aged less than 25 years old: manual work was a significant risk even in the lowest quartile
of the NOF score. This may have partially been explained by the small number of cases in some
of these cells.
Table 86
Negative occupational factors, other ‘risk’ factors and work-accidents

9.9.2

1 quartile + 0 risk factors (reference category)
2nd quartile + 0 risk factors
3rd quartile + 0 risk factors
4th quartile + 0 risk factors

OR
1.00
1.22
1.51
2.53

0.81 - 1.83
0.99 - 2.29
1.66 - 3.86

106
154
167
209

1st quartile + manual work only
2nd quartile + manual work only
3rd quartile + manual work only
4th quartile + manual work only

3.16
3.90
5.36
5.00

1.96 - 5.10
2.54 - 5.98
3.50 - 8.20
3.35 - 7.46

64
52
48
28

Neither stressor + < 25 years old only
Work hrs + < 25 years old only
Hazards + < 25 years old only
Hazards/work hrs + < 25 years old only

0.97
1.17
2.91
3.16

0.51 - 1.85
0.59 - 2.29
1.54 - 5.49
1.43 - 7.01

37
44
47
56

Neither stressor + manual work/ < 25 years old
Work hrs + manual work/ < 25 years old
Hazards + manual work/ < 25 years old
Hazards/work hrs + manual work/ < 25 years old

1.93
3.80
4.27
3.65

0.93 - 3.97
1.96 - 7.34
2.24 - 8.15
2.01 - 6.65

st

95% CI

P

p .0001 (df = 15)

N
254
227
192
162

Hazards/Working Hours, Other ‘Risk’ Factors and Work-Accidents

Of the three components of the NOF score only the exposure to hazards/working hours
component proved to be significantly associated with the work-accidents outcome; therefore
this approach was repeated but with this variable instead of the NOF score. This produced
interesting findings; these are shown in Table 87 below.
From this it was clear that although there was a risk associated with being a manual worker only
(OR = 3.50, 95% CI = 2.20 - 5.56) this increased with the different categories of the exposure to
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hazards/working hours variable and was greatest for the ‘high hazards, high work hours’
category (OR = 9.13, 95% CI = 6.28 - 13.30). There remained a risk associated with being aged
less than 25 years old, although this was lesser than that associated with being a manual worker.
It was also quite evident that there was a risk associated with being a manual worker AND
being aged less than 25 years old but this risk was not significantly different to being a manual
worker of any age. The odds ratios for the hypothesised ‘worst’ condition (i.e. high hazards,
high work hours; manual work; < 25 years old) was actually less (though not significantly so)
than that for the high hazards, high work hours and manual work only category.
Table 87
Negative occupational factors, other ‘risk’ factors and work-accidents

9.10

Neither stressor + 0 risk factors (reference)
Work hrs + 0 risk factors
Hazards + 0 risk factors
Hazards/work hrs + 0 risk factors

OR
1.00
1.88
2.20
5.29

95% CI
1.23 - 2.88
1.32 - 3.68
3.58 - 7.82

117
94
138
283

Neither stressor + manual work only
Work hrs + manual work only
Hazards + manual work only
Hazards/work hrs + manual work only

3.50
3.79
8.52
9.13

2.20 - 5.56
2.31 - 6.22
5.43 - 13.35
6.28 - 13.30

87
43
22
40

Neither stressor + < 25 years old only
Work hrs + < 25 years old only
Hazards + < 25 years old only
Hazards/work hrs + < 25 years old only

1.49
2.51
2.19
6.34

0.85 - 2.63
1.26 - 5.00
0.85 - 5.61
3.19 - 12.62

33
42
52
57

Neither stressor + manual work/ < 25 years old
Work hrs + manual work/ < 25 years old
Hazards + manual work/ < 25 years old
Hazards/work hrs + manual work/ < 25 years old

4.41
2.61
7.50
6.00

2.11 - 9.24
1.30 - 5.20
4.01 - 14.04
3.31 - 10.88

P

p .0001 (df = 15)

N
330
185
97
215

NOF SCORE, ITS COMPONENTS AND SAFETY OUTSIDE WORK

The NOF score, its components and various derived variables had shown various associations
with different aspects of safety at work: the occurrence of work-accidents and their frequency
(i.e. multiple accidents), severity (i.e. the amount of time taken off work for recuperation) and
even the type of accidents that occurred. What had not been addressed to this point was whether
there was an association between the various job characteristics measured by the NOF score and
safety outside of the workplace. Safety outside the workplace referred mainly to the occurrence
of two events: accidents outside the workplace and road-traffic accidents27. Analyses were
conducted with both these outcomes separately (compared to the non-trauma controls) and then
collapsed into one single dichotomous variable (descriptive statistics for these outcomes were
shown in Table 71). Neither approach revealed any associations between the NOF score (or its
components and various derived variables) and these outcomes. There were however significant
associations between some of the covariates included in the multivariate model and these
outcomes.
27

It is acknowledged that sometimes road-traffic accidents are considered work-accidents if they occur
whilst travelling to or from work or whilst driving as part of the normal day-to-day activity of work.
There were however very few of these.
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Road-traffic accidents were more likely in: part-time male workers and full-time female
workers, those aged less than 25 years old and higher earners (> £20K). Accidents outside work
were most likely in: full-time male workers, those aged less than 25 years old, those educated to
A-level standard, non-manual workers and white workers. When these two types of accidents
were taken together there were a number of additional risk factors: not being married or
cohabiting and finding work generally ‘very or extremely’ stressful. These data are summarised
in Appendix 1.

9.11

SUMMARY

The analysis of the A&E data demonstrated a strong association between the NOF score and
work-accidents. This was much more apparent than the association found in the community
survey data and this was likely to be largely due to the considerably greater number of workaccidents in this later sample. As was expected, analysis of the components of the NOF score
showed that it was exposure to hazards/working hours that was crucial; when looking at the 16category variable it became apparent that the number of stressors was crucial to both the
magnitude of the odds ratio and lower-bound confidence interval being greater than unity.
Looking at the other related outcomes (i.e. work-minor injuries and work-cognitive failures) it
was clear that there were no additional benefits of using this methodology to study these topics:
there may have been a greater proportion of ‘frequent or very frequent’ minor injuries but this
was less strongly associated with the NOF score than it had been in the previous analyses. This
may have been due to the different nature of the samples. Work-cognitive failures were not
significantly associated with the NOF score using this methodological approach. What was
apparent was that this methodology had succeeded in improving the study of factors associated
with work-accidents but not the other, related, outcomes.
The A&E study had brought to light a methodological issue: there were discrepancies between
the A&E classification of work-accidents (versus other reasons for attending A&E) and the selfreports of accident occurrence (whether that be work-, non work- or road-traffic accident). It
was clear that further use of a similar methodology would require this issue to be investigated in
more depth; it was also clear however that this discrepancy had little influence on the presented
findings. This does not mean that this discrepancy has been satisfactorily explained however.
Certainly the strongest association was between the occurrence of one or more work-accidents
(versus having reported none in the last 12 months) and the NOF score and subsequently
derived variables. The accident ‘proneness’ and ‘severity’ outcomes also showed some degree
of association with the outcome; however, neither outcome was significantly associated with the
NOF score itself. An association was seen between both outcomes and exposure to
hazards/working hours although this was only marginally significant on both counts. Looking at
the four-category predictor for the ‘proneness’ outcome, the greatest odds ratio was found for
the ‘high hazards, low work hours’ category although this was very similar to the ‘high hazards,
high work hours’ category28. For the ‘severity’ outcome the greatest odds ratio was found for
the ‘high hazards, high work hours’ category but here this seemed to be closer to the odds ratio
for the ‘low hazards, high work hours’ category. So, although ‘proneness’ appeared to be related
to reported high hazards, ‘severity’ appeared to be related to reported high work hours.

28

Use of a repeated contrast in analysis demonstrated that the difference between the ‘high hazards, low
work hours’ and ‘high hazards, high work hours’ categories was non-significant but that the difference
between ‘high hazards, low work hours’ and ‘low hazards, high work hours’ was significant.

130

So, why was there no overall effect of the NOF score on these specific outcomes? It was
apparent that these outcomes were largely only marginally significantly associated with any of
the components of the NOF score variable (i.e. exposure to hazards/working hours). Given that
the other components (i.e. job demand-control-support and effort-reward imbalance) were more
weakly associated with the outcomes, when the all three components were subsumed into the
NOF score the effect of the exposure to hazards/working hours component was diluted to the
extent of being not apparent.
Despite these summarised observations, neither of these outcomes could be adequately
investigated (i.e. that is to the level of the 16-category predictor variable) as the relatively small
number of work-accidents (N = 820) made this difficult. Despite the greatly increased number
of work-accidents here, the sample remained inadequate to investigate some of the other aspects
of work-accidents 29. It was the case that further investigation of work-accidents, to take account
of these other outcomes, would require a rethink of the methodology. There was too wide a
variety of work-accident types to do any kind of investigation other than purely descriptive
statistics with this sample. Interests in more specific questions may require targeted samples (as
the events are perhaps too rare to be expected to occur by any other means) or considerably
greater sampling frames or a greater number of A&E departments to gather data from.

9.12

DIRECTIONS FOR FURTHER RESEARCH

Between the combined (Bristol and South Wales) community survey and the A&E dataset the
focus has been on health and safety outcomes. The NOF score variable, its three components
and various other derived variables have offered considerable insight into the association
between certain job characteristics and health and safety. It was clear from this investigation
that certain job characteristics were associated with certain outcomes; particularly in this chapter
it was evident that the component ‘exposure to hazards/working hours’ was significantly
associated with various aspects of work-accidents. A set of outcomes that could reasonably be
expected to be influenced by job characteristics but have not yet been investigated are those
relating to performance efficiency. Examples of these include: reaction time, selective attention
and sustained attention. Investigation of such issues with specific reference to the methodology
employed is the subject of the next chapter.

29

For example: anatomical site of injury (i.e. head, hand, foot etc.) and the sort of injury sustained (i.e.
broken/fractured bone, burns etc.).
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10. THE IMPACT OF OCCUPATIONAL STRESSORS ON
OBJECTIVE MEASURES OF PERFORMANCE, MOOD AND
PHYSIOLOGY
10.1

OVERVIEW

The following chapter describes a series of studies examining the relationship between
occupational stressors (specifically noise and night work and cumulative negative factors) and
objective measures of performance, mood and physiology. Analyses were conducted on three
separate datasets: two derived from the general working population and a third from a sample of
offshore workers. Unfortunately, due to key differences in methodologies it was not possible to
calculate a negative occupational factors score for these samples in exactly the same way as
described in previous chapters. However, approximations derived from similar items and their
impact on performance, mood and physiology are detailed below.

10.2

COMBINED EFFECTS OF OCCUPATIONAL FACTORS ON LABORATORY
STUDIES OF PERFORMANCE: ANALYSIS OF A WORKING POPULATION
COHORT (THE BRISTOL COHORT STUDY)

10.2.1 Overview
This study was carried out on a working population cohort from the Bristol area. The primary
aim of the study was to determine whether previously established links between subjective
reports of occupational stress and health could be replicated using more objective measures. The
methodology and results are summarised in the following section (these findings have
previously been published elsewhere30).
10.2.2 Sample and Methodology
A cohort study (N = 188) was undertaken, using objective measures known to be sensitive to
occupational factors. Participants visited the laboratory and performed four tasks: analogue
mood ratings, a repeated digits sustained attention task, the stroop colour-word task and a
variable fore-period simple reaction time task. Physiological measures (blood pressure, pulse,
cortisol and biochemical and haematological assays) were also taken. A description of the
cognitive performance tasks is given below.
Mood

Mood was assessed using 18 visual analogue scales comprising a pair of adjectives anchored at
either end of a linear scale (e.g. drowsy - alert). Participants were asked to move a display
pointer to a position on the scale that was representative of their mood. Three main factors were
extracted from the results: alertness, anxiety and hedonic tone.

30

Smith, Brice, Sivell, Wadsworth & Wellens (2001).
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Repeated digits sustained attention task

Participants were informed that a series of three digit numbers would be briefly presented on
screen. They were asked to respond (by pressing the space bar) when the same number was
presented twice in succession.
The Stroop colour-word test

Participants were given the first of four stroop sheets (colour control) and asked to read aloud
the colour of each of a set of blocks as quickly as possible, as they would be timed (errors were
not recorded). Participants were then given the remaining three sheets (one at a time) and
procedures for the first sheet were repeated. The second sheet displayed the names of colour
words (red, blue, green, yellow) printed in different colours (e.g. the word 'red' would be printed
in blue). Participants were asked to name the colours the words were printed in and not the
words themselves. The third sheet was a word control where the names of the words were
printed in black. Finally, sheet two was used again, but participants were asked to read out the
names of the words, and not the colours they were printed in.
Simple reaction time

A white frame was displayed in the centre of the screen and at varying intervals (1-8 seconds) a
solid white square appeared inside the frame. Participants were asked to press a response key as
soon as they detected the solid square. Mean reaction times were calculated for the task as a
whole as well as for each minute of the task.
10.2.3 Results
The following variables were investigated: combinations of physical stressors (e.g. noise) and
working hours (e.g. night work); combinations of job demand, decision latitude and social
support and a derived variable thought to be representative of the number of stressors exposed
to at work.
Combined effects

A number of significant effects emerged: most notably, combined effects of noise and night
work were observed for speed of response to targets (see Table 8831), and those in the highest
negative factors exposure category were most affected by disruption on the stroop interference
task (see Table 8932.) A linear relationship between alertness (see Table 90), hedonic tone and
exposure to negative factors was also observed. However, no effects of individual or combined
factors were observed for the simple reaction time task.

31
32

Table taken from Smith et al. (2001).
Table taken from Smith et al. (2001).
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Table 88
Effects of noise and night work on reaction times in a sustained attention task

Noise and night
work
605*
(25)

Night work only

Noise only

Neither

542
(14)

567
(12)

577
(10)

N = 24

N = 26

N = 47

85

*Mean reaction time in msecs (s.e.s in parentheses)
F (1, 178) = 5.57, p<.05

Table 89
Number of negative factors present and stroop interference

Very low

Low

High

Very high

81.3*
(3.4)

81.4
(2.7)

82.6
(2.2)

91.9
(2.6)

N = 43

N = 52

N = 45

N = 51

*Mean seconds (s.e.s in parentheses)

Table 90
Number of negative factors present and alertness

Very low

Low

High

Very high

300.5*
(9.9)

278.9
(10.6)

264.5
(10.6)

249.3
(10.5)

N = 40

N = 49

N = 43

N = 49

*A high score indicates greater alertness
F (3, 187) = 4.20, p<.01

Independent effects

A number of significant effects of individual stressors were observed: for example, noise was
found to be associated with increased cortisol levels (when examined in combination with night
work: F [1, 178] = 5.57, p < .05) and exposure to fumes led to significantly increased systolic (F
[1, 180] = 9.56, p < .005) and diastolic blood pressure (F [1, 180] = 4.0, p < .05), stroop
interference (F [1, 183] = 8.13, p < .005) and decreased alertness (F [1, 183] = 4.47, p < .05) and
hedonic tone (F [1, 183] = 5.52, p < .05). Low social support was found to be associated with
increased cortisol levels (e.g. at the start of the working week: F [1, 126] = 13.00, p < .0005).
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10.2.4 Conclusions
Despite the relatively small sample size, it appears that assessing performance outside of normal
working hours does demonstrate the combined influence of workplace stressors. Furthermore,
tasks previously shown to be sensitive to laboratory manipulations of stressors were found to be
useful in predicting longer term effects of exposure to negative occupational factors. Yet the
effects described above are selective, whereas findings obtained with more subjective measures
tend to give a more global profile. However, the sample size was relatively small in this
instance.

10.3

10.3.1

COMBINED EFFECTS OF SHIFT WORK AND OCCUPATIONAL NOISE
EXPOSURE ON PERFORMANCE TASKS IN A SEAFARING POPULATION
Overview

Objective data were collected from seafarers on board support vessels for the North Sea oilrigs
as part of a project on offshore fatigue, as previous research has highlighted the link between
combinations of work-related stressors and poor self-reported health in seafarers (McNamara
and Smith, 2002). The methodology and findings are summarised in the following section (these
findings have previously been described elsewhere33). The results described refer to the
combined effects of noise and night work: it was not possible in this instance to calculate a total
negative factors score approximating those described in previous sections. Noise and night work
were investigated for a number of reasons: firstly, the independent effects of noise (see Smith
and Jones, 1992 for a review) and time of day effects (i.e. night work - see Smith, 1992 for a
review) are well established. Secondly, the effects of noise and circadian variation have
previously been studied in a laboratory setting (Smith and Miles, 1986, 1987a, 1987b) offering
an opportunity for comparison.
10.3.2

Sample and Methodology

62 male workers from 3 different vessels took part in the study. Their mean age was 40.3 years.
Individuals were from a range of different jobs onboard the vessels. Workers were categorised
into day/night workers by their shift pattern: all shifts were 12 hours in length, from 18:00 to
06:00 for night workers and from 06:00 to 18:00 for day workers. Unfortunately, just 14.5% of
the sample comprised night workers and all of these were classified as non-marine crew. In
addition, a number of differences between day and night workers were observed: night workers
had generally been on tour for a shorter time ( 14 days) whereas a substantial proportion of day
workers had been on tour for  15 days. Day workers also experienced a greater degree of noise
exposure (see Table 91).
Table 91
34
Noise exposure by shift time

Noise (Leq) at time 2

Day shift
Night shift

33
34

Mean
62.06
57.94

SD
6.49
4.58

Wellens, McNamara, Ellis & Smith (2002).
Table taken from Wellens et al. (2002).
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Min
55.20
55.20

Max
72.50
69.30

There were two between-subjects factors (day/night shift and noise exposure) and one withinsubjects factor (test session). Workers were asked to complete a battery of computer tests both
before (pre-shift) and after (post-shift) their shift on one day. Four tests were presented using
laptop computers. These tests were visual analogue mood scales, a simple variable fore-period
reaction time and categoric search and focused attention choice reaction time tasks. Procedures
for the choice reaction time tasks are outlined below.
Focused attention

Target letters appear in upper case 'A' s and 'B's in the centre of the screen. Participants are
required to respond to the target letter, ignoring any distracters, as quickly and accurately as
possible. The correct response to A is to press the far left response key with the fore-finger of
the left hand, and the correct response to B is to press the far right key with the fore-finger of
the right hand. Prior to the presentation of the target, three warning crosses appear on the screen
for 500 ms: the central cross is then replaced by the target letter. The target is accompanied by
either: nothing; asterisks; letters which are either the same as, or different to, the target. The two
distracters are always identical and the targets and accompanying letters are always A or B. The
task is presented in blocks of 64 trials.
Categoric search

This task is similar to the focused attention task. Each trial is preceded by the appearance of two
crosses: either in the central positions occupied by the non-targets in the focused attention task,
or further apart towards the extremes of the screen. The target letter then appears in place of one
of these crosses, but the exact location of the target is unknown. For half the trials, the target is
presented alone and for the other half, it is accompanied by a distracter (any digit from 1 to 7).
The mood scales were presented at the beginning and end of the testing session. Occupational
noise exposure, or 'equivalent continuous level' (Leq) was measured in dB(a) over a two-day
period using a dosimeter.
10.3.3

Results

Analyses

Stepwise regression analyses were carried out where mood and performance measures served as
dependent variables. Noise exposure (Leq) was included in the model as a continuous predictor
variable, and shift type (day or night) as a categorical predictor variable. The two betweensubjects factors were noise exposure and day/night shift. The interaction between these two
factors was also included in the regression model. Results are described in terms of types of
effects demonstrated: main effects of noise; main effects of shift; and interactions between noise
and shift.
Noise Exposure

A large number of significant main effects of noise were observed: these were virtually always
evident both pre-and post-shift, suggesting that the influence of noise exposure may be chronic.
Mood

Increased noise was associated with greater alertness and hedonic tone: there was also a main
effect on anxiety, which decreased post-shift. Means and standard deviations for alertness are
shown in Table 92.
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Table 92
35
Noise exposure and levels of alertness

< 59 dB (A)

 59 dB (A)

Pre-shift
alertness36

F (1, 60) = 9.7, p<.01
ȕ = 0.38, t = 3.11, p<.01

Mean = 237.3
SD = 51.9
N = 28

Mean = 291.2
SD = 61.7
N = 33

Post-shift
alertness

F (1, 60) = 19.43, p<.001
ȕ = 0.49, t=4.41, p<.001

Mean = 235.2
SD = 50.2
N = 28

Mean = 287.9
SD = 62.5
N = 33

Simple reaction time

Slower post-shift mean reaction time was observed for those exposed to high noise, possibly
indicating an acute effect of noise exposure. Means and standard deviations for simple reaction
time are shown in Table 93.
Table 93
37
Noise exposure and simple reaction time

Post-shift reaction
time (msecs)

F (1, 61) = 5.14, p<.05
ȕ = 0.28, t = 2.27, p<.05

< 59 dB (A)

 59 dB (A)

Mean = 288.6
SD = 49.5
N = 28

Mean = 314.4
SD = 56.4
N = 34

Focused attention task

A number of significant noise effects were observed. Mean reaction time was greater both preand post-shift, as was the number/percentage of long responses. There was also a significant
main effect of noise on both pre- and post-test Eriksen effect measures, suggesting those
exposed to higher noise levels show less focusing of attention. Means and standard deviations
for reaction time on the focused attention task are shown in Table 94.

35

Table adapted from Wellens et al. (2002).
A high score indicates greater alertness.
37
Table taken from Wellens et al. (2002).
36
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Table 94
38
Noise exposure and reaction time on the focused attention task

< 59 dB (A)

 59 dB (A)

Pre-shift reaction
time (msecs)

F (1, 61) = 9.18, p<.01
ȕ = 0.36, t = 3.03, p<.01

Mean = 455.1
SD = 54.2
N = 28

Mean = 498.5
SD = 65.6
N = 34

Post-shift reaction
time (msecs)

F (1, 61)= 10.29, p<.01
ȕ = 0.38, t = 3.21, p<.01

Mean = 440.2
SD = 47.2
N = 28

Mean = 477.2
SD = 68.9
N = 34

Categoric search task

Exposure to noise was found to be associated with slower reaction times both pre- and post-shift
(see Table 95).
Table 95
39
Noise exposure and reaction time on the categoric search task

< 59 dB (A)

 59 dB (A)

Pre-shift reaction
time (msecs)

F (1, 61) = 7.71
ȕ = 0.34, t = 2.78, p<.01

Mean = 540.1
SD = 65.7
N = 28

Mean = 601.8
SD = 77.9
N = 34

Post-shift reaction
time (msecs)

F (1, 61) = 8.27
ȕ = 0.35, t = 2.88, p<.01

Mean = 522.3
SD = 55.2
N = 28

Mean = 574.5
SD = 70.1
N = 34

Day versus night shift

Change scores (between pre- and post-shift measurement) were calculated and served as
outcome measures. Few effects of day versus night shift were observed. Significant main effects
were observed however for alertness (alertness decreased post-shift for those working nights
and increased among day workers: see Table 96) and mean reaction time on the categoric search
task (Table 97).
Table 96
40
Day/night shift and alertness

Change – alertness
(the lower the score
the greater the drop in
alertness)

F (1, 59) = 7.18, p .01
ȕ = 0.33, t = -2.68, p  .01

38

Table adapted from Wellens et al. (2002).
Table adapted from Wellens et al. (2002).
40
Table taken from Wellens et al. (2002).
39
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Day

Night

Mean = 7.4
SD = 57.0
N = 51

Mean = -48.9
SD = 64.2
N=9

Combined effects: interactions between noise and night work

Significant interactions between noise and night work were found on a number of categoric
search measures (Table 97). These results suggest that the combined noise and night work
condition was associated with slower but more accurate responses.
Table 97
41
Noise exposure, day/night shift and categoric search

Change - RT
(target alone) more positive
scores show a
greater slowing)
Post-shift long
responses
(>1,000 msec)

F (1, 61) = 9.97,
p<.01;
ȕ = 0.37, t = 3.11,
p<.01
F (1, 61) = 6.86,
p<.05;
ȕ = 0.32, t = 2.62,
p<.05

Post-shift number
of errors - low
scores = greater
accuracy

F (1, 61) = 5.52,
p<.05;
ȕ = 0.29, t = -2.35,
p<.05

Change - number
of errors

F (1, 61) = 11.55, p
.0001;
ȕ = -0.40, t = -3.40,
p .001

Day/
quiet42
-23.8
(28.6)

Day/
noise
-26.4
(34.2)

Night/
quiet
-2.4
(28.3)

Night/
noise
24.0
(3.8)

N = 22

N = 31

N=6

N=3

1.8
(1.9)

3.5
(4.8)

-2.4
(28.3)

24.0
(3.8)

N = 22

N = 31

N=6

N=3

5.8
(3.4)

4.7
(4.4)

3.2
(3.2)

1.4
(1.5)

N = 22

N = 31

N=6

N=3

1.6
(2.4)

1.6
(2.8)

1.7
(2.9)

-1.0
(0.0)

N = 22

N = 31

N=6

N=3

10.3.4 Conclusions
Exposure to noise was significantly associated with changes in mood and performance
measures: those with high exposure were more alert but demonstrated slower reaction speeds.
Although there were few effects of night work, those working night shifts were less alert than
day workers, and slower on tasks requiring greater organisation of response (i.e. trials involving
incompatible responses). Few combined effects were observed, although significant interactions
between noise and night work were evident on a number of categoric search measures. The
results suggest that the effects of noise and night work on measures of mood and performance
are largely independent: however, combined effects were associated with increased lapses of
attention and slower, yet more accurate responding on the categoric search task, an effect linked
with increased fatigue. These analyses were however carried out on a relatively small sample,
containing few night workers.

41
42

Table taken from Wellens et al. (2002).
Adjusted means (SD in parentheses)
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10.4

AN INVESTIGATION OF THE IMPACT OF COMBINATIONS OF
WORKPLACE FACTORS ON MOOD AND PERFORMANCE EFFICIENCY
AND LEVELS OF CORTISOL

10.4.1 Overview
The preliminary analyses described in section 10.2 indicated that high exposure to combinations
of negative occupational factors led to decreased mood, performance and physical health. The
purpose of the study outlined below (these results have previously been described elsewhere43)
was to examine this association in more detail. Measurement of potential stressors was designed
to allow assessment of both acute and chronic effects, and objective measures of performance
and physiology were taken over the course of the working week.
10.4.2 Sample and Methodology
86 working volunteers were recruited from various occupations. Participants completed a
battery of computerised mood44 and performance tasks ( in the same order) before and after
work on the first and last days of the working week, as previous research has demonstrated the
effectiveness of before and after work measures in predicting daily fluctuations in workload
(e.g. Broadbent et al. 1989). The tasks were as follows: mood, simple reaction time and two
choice reaction time tasks measuring focused attention and categoric search (Broadbent et al.
1989).
Physiological measures

A number of indicators of physiological health were also taken. Salivary cortisol was measured
at the beginning and end of the working day, on the first (day 1) and the last day (day 5) of the
working week. Systolic and diastolic blood pressure (BP) and pulse were measured both before
and after completion of the test battery on days 1 and 5, both before and after work.
Measurement of occupational hazards

Participants completed a general questionnaire detailing the nature of their work. Items referred
to the following: hours worked, shift/night work, unpredictable hours, exposure to hazardous
substances and noise, general health, job demand, decision latitude and social support45.
Participants were also required to provide similar information for days 1 through to 5, in order
that differences between chronic and acute exposure could be assessed.
10.4.3 Preliminary Analyses
Calculation of exposure to negative factors scores

For chronic exposure, a mean composite 'total negative factors' score was created, reversing
items as necessary. The score contained items relating to working hours (e.g. night/shift work),
physical hazards (e.g. exposure to harmful substances/noise), job demand (e.g. having to work
very fast), social support (e.g. getting help and support from superiors/colleagues), and decision
latitude (e.g. choice in deciding what to do/flexibility). The score comprised 35 items in total.
Scores were calculated for acute exposure (on days 1 and 5 of the working week) in the same
way: unfortunately however, it was not possible to include items identical to those on which the
chronic exposure score was based. No information relating to working hours was available,
43

McNamara, Wellens & Smith (2002).
Mood ratings were taken both before and after completion of the cognitive tasks.
45
Items adapted from the Job Demand-Control-Support Model (Karasek, 1979; Johnson & Hall, 1988)
and the Effort-Reward Imbalance Model (Siegrist, 1996).
44
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although 16 items measuring the following stressors were included: physical hazards, job
demands, social support and job satisfaction (e.g. 'did you find your job boring today?'). A total
'acute negative factors' score was also calculated from means of scores on these items for days 1
through to 5 of the working week.
Change scores

Change scores were calculated in order to assess the extent to which performance varied across
the task, day and working week. These were as follows: post- minus pre-test mood and
physiology for day 1 am, day 1 pm, day 5 am and day 5 pm. The following change scores were
calculated for all variables: day 1 pm minus day 1 am, day 5 pm minus day 5 am and day 5 pm
minus day 1 am. For the simple reaction time measure, 'time on task' measures were also
calculated for each session by subtracting mean scores for minute one from mean scores for
minute three.
Preliminary analyses

Correlational analyses indicated significant associations between change scores and chronic
exposure to negative factors, suggesting that fatigue may increase over the course of a test
session. However, few associations between raw scores (e.g. pre-test alertness on day 1 am) and
negative factors were observed. Acute exposure to negative factors was significantly associated
with very few of the outcome measures: this may be due to differences in the calculation
methods used for the chronic and acute negative factors scores, or occur as a result of the
relatively low levels of acute exposure reported in comparison to chronic exposure. Table 98
shows mean exposure scores for chronic and acute negative factors for day 1, day 5, and days 1
through to 5 of the working week.
Table 98
46
Mean exposure to chronic and acute negative factors

46

Mean

SD

Chronic exposure
(maximum score=52)

26.21

9.57

Acute exposure day 1
(maximum score=35)

18.87

6.48

Acute exposure day 5
(maximum score=43)

18.56

7.66

Acute exposure days 1 through 5
(maximum score=155.95)

91.07

22.80

Table taken from McNamara et al. (2002).
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10.4.4 Further Analyses: Alertness and Simple Reaction Time
Analyses of variance (ANOVA) were carried out, where the following served as within subjects
factors: day (1 or 5 of the working week), time (am or pm) and position (pre-or post test for
mood, BP and pulse). A median split of the chronic negative factors score served as the between
subjects factor. Alertness scores were taken as an example of the effects of chronic exposure to
negative factors on mood (see Table 99).
Table 99
47
Chronic exposure to negative occupational factors and alertness

Chronic
Negative
Factors
Low
High
Total

Mean

SD

259.4
228.3
245.7

68.0
64.2
67.8

Post-test alertness
Day 1 am

Low
High
Total

248.7
230.2
240.5

54.4
54.5
54.9

Pre-test alertness
Day 1 pm

Low
High
Total

262.7
250.9
257.5

55.9
49.8
53.3

Post-test alertness
Day 1 pm

Low
High
Total

235.7
216.2
227.1

62.9
51.8
58.8

Pre-test alertness
Day 5 am

Low
High
Total

246.6
218.8
234.3

64.3
60.3
63.7

Post-test alertness
Day 5 am

Low
High
Total

236.9
214.6
227.1

60.3
63.6
62.4

Pre-test alertness
Day 5 pm

Low
High
Total
Low
High
Total

254.7
244.9
250.4

55.6
54.1
54.8

242.6
209.3
227.9

58.0
65.4
63.2

Pre-test alertness
Day 1 am

Post-test alertness
Day 5 pm

47

Table taken from McNamara et al. (2002).
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Chronic exposure to negative factors demonstrated a significant main effect: F (1, 84) = 4.99, p
< .03. Significant within-groups effects were also found for: position (i.e. pre-or post-test: F [1,
84] = 31.74, p < .0001); time (i.e. am or pm) x position (F [1, 84] = 23.44, p < .0001) and time x
position x chronic exposure to negative factors (F [1, 84] = 7.58, p < .01). These effects suggest
that a high chronic total negative factors score leads to a decrease in alertness generally, and
over the duration of the session: an effect that is particularly evident at the end of the working
day. Decreases were most evident in those exposed to a high number of negative job
characteristics.
The same ANOVA were performed where simple reaction time served as the dependent
variable (see Table 100 on the following page for means and standard deviations). Although no
main effect of high chronic exposure to negative factors was observed, the following withinsubjects comparisons were significant: day (1 or 5) x position (minute 1 versus minute 3 of the
task) x chronic negative factors: F (1, 84) = 4.73, p < .03, and time (am or pm) x position x
chronic negative factors: F (1, 84) = 11.79, p < .001.
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Table 100
48
Chronic exposure to negative occupational factors and simple reaction time

Chronic
Negative
Factors
Low
High
Total

Mean

SD

300.4
314.1
306.5

48.8
66.6
57.4

Mean SRT min 3
Day 1 am

Low
High
Total

322.1
311.0
317.2

58.1
45.7
52.9

Mean SRT min 1
Day 1 pm

Low
High
Total

318.2
315.8
317.2

48.6
75.9
61.8

Mean SRT min 3
Day 1 pm

Low
High
Total

320.1
325.5
322.5

50.5
79.9
64.8

Mean SRT min 1
Day 5 am

Low
High
Total

307.8
321.9
312.4

48.1
81.9
65.3

Mean SRT min 3
Day 5 am

Low
High
Total

315.6
331.7
322.7

48.9
75.3
62.1

Mean SRT min 1
Day 5 pm

Low
High
Total

326.5
317.7
322.6

61.8
57.6
59.8

Mean SRT min 3
Day 5 pm

Low
High
Total

325.5
338.7
331.3

53.7
65.9
59.4

Mean SRT min 1
Day 1 am

These effects suggest that reaction times were generally slower at the end of the working day
and week, and also at the end of the task (i.e. minute three). High chronic exposure to negative
factors results in slower reaction speeds over the duration of the task and the week. Those in the
low exposure group (i.e. the lower median of the chronic negative factors score) were slowest at
the beginning of the day, whereas those reporting high chronic exposure showed a greater
slowing of reaction speed at the end of the working day. Physiological measures did not
demonstrate similar associations with chronic exposure to negative occupational factors.

48

Table taken from McNamara et al. (2002).
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10.4.5 Further Analyses: Chronic Exposure to Negative Occupational Factors
Given the significant association between chronic exposure to negative occupational factors and
mood and performance outlined in the preceding section, a number of further analyses were
conducted, in order to determine whether this association could be generalised to other objective
outcomes. These analyses are described below.
Mood and focused attention

Analyses of variance (ANOVA) were repeated where anxiety, hedonic tone, physiological
indicators and measures from the focused attention and categoric search tasks served as
dependent variables. A similar pattern of results was observed for anxiety (significant main
effect of exposure to negative factors: F [1, 84] = 5.15, p < .03) and hedonic tone (F [1, 84] =
3.82, p < .05) as for alertness. No significant effects of chronic exposure to negative factors on
the focused attention measures were found, however.
Categoric search

A number of significant effects were observed for the categoric search task: those reporting high
exposure to negative occupational factors generally demonstrated slower reaction times (F [1,
84] = 6.28, p < .01), although significant within-subjects effects of both day (i.e. 1 or 5) and
time (i.e. am or pm) suggest that reaction speeds were faster at the end of the day and week than
at the beginning (this is more than likely due to practice effects). Means and standard deviations
where reaction time to the target when presented alone served as the dependent measure are
shown in Table 101.
Table 101
Categoric search MRT (target alone) and chronic exposure to negative factors

Chronic
negative
factors
Low
High
Total

Mean

SD

N

543.81
570.94
555.79

52.99
73.58
63.98

48
38
86

MRT target alone day 1 pm

Low
High
Total

524.36
562.00
540.99

52.96
84.45
70.78

48
38
86

MRT target alone day 5 am

Low
High
Total

513.60
548.34
528.95

47.21
78.83
65.10

48
38
86

MRT target alone day 5 pm

Low
High
Total

507.79
514.76
522.80

60.91
74.03
68.74

48
38
86

MRT target alone day 1 am

MRT = mean reaction time

A significant main effect of chronic exposure to negative factors was also found for long
responses on the categoric search task (F [1, 84] = 4.36, p < .04). Participants who reported high
exposure to negative factors made more errors, although a significant effect of day (i.e. 1 or 5)
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indicates a practice effect: participants tended to make less errors at the end of the week than at
the beginning (see Table 102).
Table 102
Categoric search errors and chronic exposure to negative factors

Chronic
negative
factors
Low
High
Total

Mean

SD

N

1.60
3.89
2.62

3.11
7.51
5.59

48
38
86

Mean errors day 1 pm

Low
High
Total

1.23
4.03
2.47

2.91
8.37
6.10

48
38
86

Mean errors day 5 am

Low
High
Total

1.08
2.18
1.57

1.96
3.88
2.99

48
38
86

Mean errors day 5 pm

Low
High
Total

1.25
3.66
2.31

2.80
8.84
6.31

48
38
86

Mean errors day 1 am

Physiological indicators

With regards physiological measures, chronic exposure to negative factors was significantly
associated with increased systolic blood pressure (BP) only: F (1, 84) = 9.22, p < .003.
Significant main effects of time (i.e. am or pm), position (i.e. pre-or post-test) and a significant
interaction between day and position were also observed, indicating that:
·
·
·
·

Systolic BP increased as a function of exposure to negative factors
BP was reduced following administration of the test battery (except on day 1 am)
BP was generally higher in the afternoon than in the morning
The post-test drop in BP was greatest at the end of the week

Means and standard deviations where systolic BP served as the dependent measure are shown in
Table 103.
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Table 103
Systolic BP and chronic exposure to negative factors

Chronic
negative
factors
Low
High
Total

Mean

SD

N

113.95
123.00
117.74

14.60
18.36
16.77

43
31
74

Post-performance systolic
BP (day 1 am)

Low
High
Total

113.67
124.35
118.15

14.43
16.00
15.91

43
31
74

Pre-performance systolic BP
(day 1 pm)

Low
High
Total

117.63
124.23
120.39

11.49
14.91
13.34

43
31
74

Post-performance systolic
BP (day 1 pm)

Low
High
Total

112.79
122.42
116.82

12.44
13.94
13.85

43
31
74

Pre-performance systolic BP
(day 5 am)

Low
High
Total

115.88
119.45
117.38

10.72
13.74
12.12

43
31
74

Post-performance systolic
BP (day 5 am)

Low
High
Total

110.26
116.81
113.00

16.36
13.18
15.36

43
31
74

Pre-performance systolic BP
(day 5 pm)

Low
High
Total

117.33
125.55
120.77

11.92
14.22
13.47

43
31
74

Post-performance systolic
BP (day 5 pm)

Low
High
Total

113.21
120.68
116.34

11.52
15.37
13.68

43
31
74

Pre-performance systolic BP
(day 1 am)

10.4.6 Conclusions
Chronic exposure to negative factors (e.g. long hours, high demands) resulted in increased
susceptibility to fatigue over the course of the test session, working day and working week,
providing further support for the 'after-effects' technique (Broadbent, 1979). In addition,
previously established links between exposure to negative occupational factors and subjective
well-being (e.g. Smith et al., 2001) also appear to generalise to more objective measurement.
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10.5

SUMMARY: THE IMPACT OF OCCUPATIONAL STRESSORS ON
OBJECTIVE MEASURES OF PERFORMANCE, MOOD AND PHYSIOLOGY

These studies highlight the potential for applying the combined effects approach to objective
measures of mood, performance and physical health. Preliminary analyses conducted on the
Bristol cohort data indicate a linear relationship between exposure to negative occupational
factors and decreased mood, and significant interaction effects between noise and night work,
and speed of response to targets on tasks measuring focused attention. Objective measurement
of occupational noise exposure and night work amongst a seafaring population provided further
evidence to suggest the effects of these stressors are largely independent, although those in the
combined condition were more susceptible to fatigue, in that they demonstrated more lapses of
attention, and slower (although more accurate) responses to targets.
It is also evident from studies employing the 'after-effects technique' that high chronic exposure
to negative occupational factors resulted in decreased mood and reaction speed, and increased
systolic blood pressure. However, although mood and simple reaction time have been shown to
decrease over the course of the working day and week as well as the testing session (indicative
of increased susceptibility to fatigue) this was not found to be the case for the categoric search
measures or systolic blood pressure. Furthermore, examination of the acute effects of exposure
to negative occupational factors revealed few significant associations (as determined from
preliminary correlational analyses). This may simply be an artefact of methodological
differences however, as it was not possible to derive acute negative factors variables in exactly
the same way as for the chronic measures: furthermore, levels of acute exposure to negative
factors were low in comparison to chronic exposure.
Despite these methodological difficulties and the relatively small sample sizes of the studies
outlined in this chapter, the potential for obtaining a more objective assessment of the impact of
negative work characteristics on mood, performance and health has been established. Further
examination of these issues within a larger working population, use of uniform measurement
techniques and objective assessment of stressors (e.g. noise, nightwork and job demands) would
further our understanding of this area.
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11.

11.1

CONCLUSIONS AND RECOMMENDATIONS FOR
FURTHER RESEARCH

OVERVIEW

The effects of physical and psychosocial workplace hazards on health are well documented (see
Chapter 1 for a review of the literature), yet potential stressors are often studied in isolation.
This singular approach is unlikely to realistically model the workplace, as individuals are often
exposed to multiple stressors simultaneously. The current report outlines a number of
complimentary approaches to the study of combined effects of occupational hazards: subjective
assessment of combined workplace factors on physical and mental health, accidents and injuries
and objective assessment of combined exposure to hazards on work performance and
physiology. The following chapter highlights the outcomes from the research described above in
terms of what is currently known about the combined effects of workplace hazards on health,
well-being and performance. Directions for further research are also addressed.

11.2

SUBJECTIVE ASSESSMENT: THE IMPACT OF COMBINED EFFECTS OF
OCCUPATIONAL HAZARDS ON HEALTH AND WELL-BEING

Analyses conducted on a large dataset (n = > 8000) enabled assessment of the following:
·
·
·

Physical workplace stressors (e.g. noise, exposure to hazardous substances)
Undesirable working patterns (e.g. shift/night work, long hours)
Psychosocial stressors (as measured by the JCDS and ERI Models)

These stressors were combined in several ways and examined in terms of their impact on health,
accident and injury outcomes. Relevant findings and possible interpretations are outlined in the
following sections.
11.2.1 No Evidence of Combined Effects
When combined linearly (i.e. to comprise the 'Total Negative Factors' [NOF] score), the
potential stressors outlined above demonstrate a number of patterns of association with health
outcomes. Firstly, a number of the outcomes showed no significant association with the NOF
score: smoking, alcohol consumption, lifetime prevalence of cancer, hospital visits and chronic
back pain. Incidence of some outcomes may have been too low, even within the current dataset
to show significant associations with any stressors. For the remaining health and health-related
behaviour outcomes that did not demonstrate a significant association with the NOF score, a
number of possibilities are considered: firstly, that experience of the workplace stressors studied
does not increase the likelihood of these outcomes, and secondly, and perhaps more
convincingly, that the relationship between exposure to workplace stressors and certain physical
health problems (and health-related behaviours) cannot be adequately measured in terms of
linear additive effects. These outcomes may be more susceptible to particular types of exposure,
effects which are possibly masked by assessment utilizing global measures.
11.2.2 The Impact of the Negative Occupational Factors (NOF) Score
Level of exposure to workplace stressors (as measured by the NOF score) demonstrated a clear
linear association with a number of mental health measures, namely work-related stress,
probable clinical anxiety and acute (i.e. within the last 14 days) psychological problems. This
suggests that the greater the level of exposure to negative work-related factors, the more likely
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employees were to report mental distress; an effect seemingly independent of the nature of
stressor/s exposed to. However, the NOF score was only found to predict cases of (probable)
clinical depression, poor acute physical health and accidents and minor injuries when exposure
reached very high levels (i.e. cases fell within the upper quartile of the score).
These effects were found to be independent of occupational group, although a number of
outcomes were more highly associated with certain types of employment status: for example
acute back pain was more likely to be reported amongst the self-employed and managers within
the upper quartile of the NOF score, whereas this was not the case for those classified as
'employees'. Furthermore, the likelihood of reporting several outcomes was found to be
exacerbated by high levels of work-related stress; for example acute musculoskeletal problems,
cognitive failures and acute gastrointestinal problems. Further evidence of the cumulative
effects of workplace stressors on the likelihood of reporting negative outcomes was provided by
identification of additional risk factors. Demographic characteristics that demonstrated a
significant association with particular outcomes were combined with the NOF score; results
indicate that for certain outcomes the risk of reporting is further increased by the presence of
demographic risk factors, such as gender, age and socio-economic status.
These results suggests that the nature of the relationship between the NOF score and poor
physical and mental well-being depends to a large extent on the type of outcome under study;
deterioration in general psychological functioning increases significantly with even low
exposure to negative occupational factors, whereas the likelihood of serious psychological
disorders, poor physical health and accidents and injuries only increases with relatively high
exposure to workplace stressors, indicative of a 'benchmark' effect. The impact of workplace
stressors does however appear to be cumulative; risk of reporting particular outcomes is often
increased as a function of the number of stressors exposed to. The experience of work-related
stress and the presence of additional demographic risk factors also exacerbate negative
outcomes in some cases. These effects were found to be independent of occupational group,
although it should be noted that a number of outcomes did vary according to employment status.
11.2.3 Deconstructing the NOF Score: The Relative Impact of Working
Hours/Physical Hazards and Models of Psychosocial Workplace Stressors
Three factors based on the major components of the NOF score were created: a working
hours/exposure to physical hazards factor, and two factors based on models of psychosocial
workplace stressors, namely the Job-Demand-Control-Support Model (Karasek, 1979; Johnson
& Hall, 1988) and the Effort-Reward Imbalance Model (Siegrist, 1996). These factor scores
were designed to represent all possible combinations of exposure to the stressors outlined.
These three scores were then entered into a single regression equation, in order that the relative
impact of each could be assessed on the various outcome measures.
Outcomes influenced by all three components of NOF

Only work-related stress was found to be significantly associated with all three components of
the NOF score, suggesting that exposure to any of these negative job characteristics is sufficient
to increase the likelihood of stress, but that a negative outcome is most likely where exposure to
all three factors is observed. For the remaining outcomes, selective effects of particular types of
stressor were found.
Outcomes influenced by two components of NOF: job demand-control support & effort
reward imbalance

The likelihood of reporting probable clinical anxiety was significantly increased by a high
exposure score on the job demand-control-support and effort-reward imbalance components.
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Further analysis indicated that intrinsic effort was the critical sub-component of the effortreward imbalance factor in terms of predicting anxiety, and the simultaneous experience of high
demand, low control and low social support at work was associated with increased levels of this
outcome. However, likelihood of reporting anxiety was highest where intrinsic effort and
demands were high, and control and social support low.
Outcomes influenced by two components of NOF: effort-reward imbalance & working
hours/physical hazards

Effort-reward imbalance and working hours/physical hazards impacted significantly on acute
health problems, namely lower respiratory tract and psychological symptoms. The critical
factors in terms of predicting acute lower respiratory tract symptoms were related to undesirable
working patterns and the experience of high effort and low reward. Conversely, physical
hazards and intrinsic effort were found to be the best predictors of acute psychological
problems.
Outcomes influence by two components of NOF: job demand-control-support & working
hours/physical hazards

The job-demand-control-support and working hours/physical hazards components were found to
significantly affect whether workers were currently smoking and levels of alcohol consumption.
However, there are significant differences in the particular elements of these models that result
in increased levels of the two outcomes. Smokers were more likely to report high demand, low
control and social support and high exposure to undesirable working patterns, yet individuals
who reported consumption of alcohol above recommended levels reported high demands and
high exposure to physical hazards, concurrent with high levels of control and social support.
It seems reasonable to conclude that increased anxiety is associated with high levels of
psychosocial stressors (i.e. high demand, high effort and lack of support and rewards).
However, the pattern of combined effects of workplace stressors on the other outcome measures
discussed in this section is more complex; although high demands are implicated in healthrelated behaviours, smoking was more likely where control and support were also low, whereas
alcohol consumption was greatest under conditions of high demand, despite the hypothesised
buffering effects of high social support and high control at work. Furthermore, although the
working hours/physical hazards factor was also implicated in increased risk of negative healthrelated behaviours, working patterns were associated with smoking, and exposure to physical
hazards with alcohol consumption above recommended levels. Similarly with acute health
problems, high effort was found to have a significant impact on both lower respiratory tract and
psychological symptoms, yet working hours were significantly associated with the former, and
high exposure to physical hazards with the latter. In summary, there is some evidence to suggest
that the impact of particular types of stressors is selective, dependent upon the outcome.
However, it is also the case that the sub-components detailed in the preceding section produced
the greatest impairments to health and associated outcomes in combination.
Outcomes influenced by a single component of the NOF score

Where outcome measures were significantly associated with a single component of the NOF
score only, there would seem to be little evidence of combined effects. However, for a number
of dependent variables, further analysis revealed that negative outcomes were most highly
associated with two or more sub-components of the relevant factor.
Working hours/physical hazards

Minor injuries at work, cognitive failures outside work and lifetime prevalence of respiratory
disease were all significantly associated with the working hours/physical hazards component of
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the NOF score. The critical elements in terms of predicting likelihood of minor injuries were:
unsociable/unpredictable hours, exposure to fumes/harmful substances and background noise. In
other words, the combination of these particular factors was a better predictor of minor injuries
at work than any other combination or single factor (with the exception of the high exposure to
all stressors category). A similar pattern of results was observed for lifetime prevalence of
respiratory disease, indicating that increased likelihood of these particular outcomes is
dependent on the type of exposure, and not simply the level. Conversely, cognitive failures
outside work were most likely to occur where exposure to all working hours/physical hazards
stressors were high, which suggests that risk of reporting this outcome increases as a function of
the level of exposure reported.
Job-demand-control-support

Probable clinical depression was most likely to be reported where low control over work and
low levels of social support from superiors and colleagues were reported simultaneously. The
combination of high demands, high support and low control was found to significantly predict
hospital outpatient visits, and allergic symptoms (in the previous 12 months) were associated
with low control only.
Effort-reward imbalance

Several of the outcome measures demonstrated a significant association with the effort-reward
imbalance component of the NOF score only. Increased risk of reporting acute musculoskeletal
problems, cognitive failures and acute gastrointestinal problems was associated with high effort
(both intrinsic and extrinsic) and low reward only, whereas high intrinsic effort was sufficient to
predict acute upper respiratory tract infections and gastrointestinal problems/depression in the
last 12 months. The significant impact of the effort-reward imbalance component on use of pain
relief/digestion medication (in the last 14 days) and sick leave (in the last 12 months) was more
difficult to interpret.
Therefore, although the outcomes described above demonstrated a significant association with
only one of the sub-components of the NOF score, when broken down into its' constituent parts,
aspects of each component were found to produce a more negative impact when considered in
combination: for example, where effort-reward imbalance demonstrated a significant
association with acute musculoskeletal problems, risk of reporting this outcome was found to be
highest where both intrinsic and extrinsic effort were high and rewards were low.

11.3

LONGITUDINAL ANALYSES OF SELF-REPORT DATA

Further analyses were conducted on the Bristol sample, as data were collected at two time
points 12 months apart. This enabled examination of potential changes in exposure to stressors
and any deterioration in health status that may have occurred in the intervening period. The
results indicated that any change in the level of total exposure reported (i.e. changes in the NOF
score) were significantly associated with negative changes in health status: for example,
individuals whose' NOF score had increased at time 2 also reported a significant increase in
work-related stress.
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11.4

SUBJECTIVE ASSESSMENT: THE IMPACT OF COMBINED EFFECTS OF
OCCUPATIONAL HAZARDS ON ACCIDENTS AND INJURIES

Little evidence of the hypothesised relationship between negative occupational factors and
accidents and injuries was uncovered within the community surveys outlined above. This may
be due to the low incidence of these outcomes within the samples studied. A survey of A&E
department attendees, specifically those in full-time employment who had been treated for a
work-related injury within the last 12 months, was therefore undertaken to address this.
A high NOF score was associated with an increased risk of having a work-related accident; the
crucial components in terms of accident prediction were undesirable working hours (e.g.
night/shift work) and exposure to hazardous substances. However, this methodology offered no
benefits in terms of prediction of minor injuries and cognitive failures. No association between
work-related cognitive failures and NOF was found, possibly due to inherent characteristics of
the sample. Although minor injuries at work were more prevalent in the A&E study, the
strength of association between negative occupational factors and this particular outcome was
actually weaker in the current sample than in the previously described community samples.
However, the increased incidence of work-related accidents within the current dataset enabled
further examination of the relationship between workplace stressors and the nature of workrelated accidents. Accident proneness (i.e. multiple accidents at work) and injury severity
(inferred from duration of recovery before returning to work) were significantly associated with
the working hours/physical hazards component of the NOF score.
It would seem to be the case that subjective assessment of workplace stressors is able to predict
the occurrence of work-place accidents. Specifically, exposure to long or unsociable working
hours (i.e. night/shift work) and physical hazards (i.e. harmful substances/noise) significantly
increased the likelihood of work-related accidents. However, little is known about the
relationship between accident type and the role of negative occupational factors; even given the
increased incidence of injuries within the current sample, too few cases meant that
deconstruction of the nature of accidents in this manner was not feasible. A similar problem
presented itself with the minor injuries outcome. The findings described in this section could be
thought of as preliminary evidence to suggest a link between exposure to certain types of
workplace stressors and accidents. However, the ways in which such stressors might combine to
produce effects on accident rates and particular types of injury requires further investigation.
This might be achieved by increasing the sampling frame of the study, or targeting specific
occupational groups who tend to demonstrate a high incidence of work-related accidents as
these events are comparatively rare in the general population and thus difficult to study.

11.5

SUMMARY: SUBJECTIVE ASSESSMENT OF THE COMBINED EFFECTS
OF OCCUPATIONAL HAZARDS ON HEALTH, WELL-BEING, ACCIDENTS
AND MINOR INJURIES

Subjective assessment of workplace stressors within such large samples has enabled thorough
investigation of their combined impact on health and well-being, and accident and injury
outcomes. There is a substantial amount of evidence to suggest that the NOF score is an
accurate predictor of the relationship between exposure to stressors and a large number of health
(physical and mental), health-related behaviour and accident and minor injury outcomes. For
some outcomes, this effect is cumulative and linear; the likelihood of reporting particular
outcomes increased as a function of the number of stressors exposed to. Such associations were
found to be generally independent of occupational group, although certain outcomes were more
strongly linked with certain categories of employment status. Furthermore, work stress and
demographic factors combined with occupational hazards in some instances to produce greater
impairments to health and associated outcomes. For other measures, threshold effects were
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evident; either a significant association was observed concurrent with relatively low levels of
exposure and did not increase linearly, or exposure at very high levels was necessary before a
negative impact was observed.
Although the NOF score itself is not an exhaustive list of potential workplace hazards, it does
incorporate a wide range of factors and is likely to represent a realistic model of the workplace.
Further analysis of its' components revealed particular patterns of association between certain
types of stressor and certain types of outcomes - for example, although high exposure to NOF
led to an increased likelihood of having a work-related accident, more detailed examination
indicated that it was exposure to physical hazards such as noise or harmful substances, and
undesirable working patterns such as night work that were the key factors in terms of predicting
accident likelihood. However, within these sub-components combined effects still exerted the
greatest negative influence. In addition, longitudinal analyses demonstrated the ability of the
NOF score to predict longer-term changes in health status.
However, there are a number of problems inherent in self-report data. Although controlling for
negative affectivity alleviates some of these, more objective measurement of both stressors
exposed to and outcomes of interest are needed. Furthermore, the majority of effects described
in this report are derived from cross-sectional surveys, allowing no inferences to be made about
the direction of associations. Although the Bristol data was gathered at two time points (12
months apart), a smaller sample in this instance means that the conclusions drawn from these
results may be less robust.

11.6

OBJECTIVE ASSESSMENT: THE IMPACT OF COMBINED EFFECTS OF
OCCUPATIONAL
HAZARDS ON MOOD,
PERFORMANCE
AND
PHYSIOLOGY

The subjective data described in preceding sections indicate that workplace stressors produce
the greatest impairments to health and well-being when considered in combination. A number
of studies were carried out to determine whether similar effects could be replicated when more
objective outcome measures, i.e. cognitive performance and physiology, were employed. Two
studies comprised the general working population and a third was conducted on a sample of
offshore workers. Relevant findings in terms of combined effects are described below.
11.6.1 Analysis of the Bristol Cohort Data
A cohort (N = 188) from the Bristol Stress and Health at Work study carried out a number of
computerised performance tests known to be sensitive to occupational factors. Physiological
measures (e.g. blood pressure, cortisol, pulse) were also taken. Despite the relatively small
sample size, some evidence of combined effects of stressors was observed; noise and night work
produced a greater slowing in speed of response to a target in combination than either when
measured alone. Furthermore, those in the highest negative factors category were most
susceptible to Stroop interference.
The findings raise a number of issues; firstly, when examined in pairs, the effects of workplace
stressors (in this instance physical hazards and working hours) tend to be independent. Where
combined effects are observed, these are selective, i.e. they are specific to particular types of
performance deficit. However, there is some evidence to suggest that NOF score49 is able to
predict deterioration in work performance when measured objectively. It is difficult to ascertain
however, given the small sample size, whether the relative absence of combined effects is a
49

It was not possible in this instance to calculate NOF in exactly the same way as described earlier in this
report; an approximation was used.
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realistic reflection of what might occur in the workplace. Furthermore, no evidence of combined
effects of stressors on measures of physiology were observed in this instance.
11.6.2 The Impact of Noise & Night Work on Performance in the Offshore
Industry
Given that combined effects of noise and night work were observed in the Bristol Cohort study,
further examination of these issues was undertaken in a sample of offshore workers. However,
the effects of both noise and night work on mood and performance were found to be largely
independent, with one notable exception; a significant interaction between noise and night work
was found using a measure of selective attention (the categoric search task), indicating that a
combination of these potential stressors is associated with slower (although more accurate)
responding.
Again it would seem that the combined effects of noise and night work are selective; tasks
measuring speed of response appear particularly sensitive to disruption. However, these
analyses were also conducted on a limited sample containing relatively few night workers. In
order to clarify the extent to which stressors exert combined effects and which tasks, if any, are
particularly sensitive to disruption, further research would need to be conducted on a much
larger sample, targeted specifically to contain a high proportion of night workers.
11.6.3 Interpolated (Before & After Work) Mood and Performance Task Data
This study was undertaken to further explore the relationship between combinations of
workplace stressors and objectively measured mood, performance and physiology. In this
instance, objective measures were taken at the beginning and end of the working day, on the
first and last days of the working week. This allowed examination of longer term, as well as
acute effects of stressors. Similarly, exposure to stressors was measured both generally (though
to reflect 'chronic' exposure) and daily (i.e. acute exposure). Chronic exposure to negative
occupational factors (as measured by a composite NOF score) was found to be associated with
an increased susceptibility to fatigue (inferred from slowing in reaction speeds) over the course
of a test session, working day and working week. However, few effects of acute (i.e. daily)
exposure were observed, and measures of physiology were not significantly associated with
high exposure to stressors.
These results suggest that the previously established relationship between combined exposure to
negative occupational factors and subjective well-being does generalise to more objective
measures, even given the small sample size (N = 89). Furthermore, the effect of exposure to
stressors appears to be cumulative.

11.7

SUMMARY: OBJECTIVE ASSESSMENT OF THE COMBINED EFFECTS OF
OCCUPATIONAL HAZARDS ON MOOD, PERFORMANCE AND PHYSICAL
HEALTH

The three studies detailed above all indicate that combined effects of workplace stressors are
evident in terms of objectively measured, as well as subjectively measured deficits. However,
all three studies were carried out on relatively small samples, and differences in methodology
make comparison difficult. Where a total negative occupational factors score was calculated (for
the Bristol Cohort Study and the Before & After Work Study) it was not possible to do this as
has been described elsewhere in this report, as these analyses were carried out retrospectively.
For the same reason, it was not possible to calculate a NOF score approximating anything that
had previously been used for the offshore sample. It is also important to be aware of differences
in objective measurement: slightly different performance tasks were employed in the re-analysis
of the Bristol Cohort Study from those used within the offshore and remaining working
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population sample. Noise was not objectively measured in the Bristol Cohort either, and
physiology was not assessed among the offshore workers.
Despite these methodological difficulties, a number of interesting findings did emerge from
these studies in terms of our understanding of combined effects. The NOF score appeared to be
a good predictor of performance deficits, not just over the course of testing session, but also
over the course of the working day and week. Noise and night work in combination tended to
demonstrate selective effects on certain types of performance task, namely those measuring
speed of response to targets. However, further examination of these issues is needed in order to
advance our understanding of this area. Uniform measurement of both workplace stressors and
objective outcomes on a much larger sample would go some way to achieving this aim.
Furthermore, targeting a range of specific working populations likely to be exposed to particular
stressors would enable more detailed analysis of physical stressors such as noise and
undesirable working patterns such as night work, for example. Finally, measurement over a
longer time period (for example, over the course of the working week, as in the Before and
After Work Study) would allow differentiation of acute versus more chronic effects of exposure
to negative occupational factors.

11.8

WHAT IS CURRENTLY KNOWN ABOUT THE COMBINED EFFECTS OF
OCCUPATIONAL HAZARDS ON HEALTH, ACCIDENTS, INJURIES AND
PERFORMANCE?

The results outlined in the current report lead to a number of conclusions with regards the
combined effects of occupational hazards on health, accidents, injuries and performance.
Subjective measurement of hazards suggests that summing the number of potential stressors
exposed to at work can be an accurate predictor of negative outcomes, such as work-related
stress, health-related behaviours, a number of acute and chronic physical health problems,
psychological distress and accidents and injuries at work. This additive approach allows
assessment of different types of potential stressors in the workplace: namely physical stressors
(noise, exposure to harmful substances), work patterns (e.g. night/shift work, long hours) and
psychosocial stressors (demand, control, effort and reward). Given the ability of the NOF score
to predict cumulative effects of stressors on health and well-being outcomes, models that
incorporate comparatively few aspects of the working environment and assess their impact on
these variables may not give an accurate picture. For example, although there was an association
between the JDCS model and anxiety, high job demands may occur concurrently with high
effort and long working hours; the current findings suggest that the presence of these additional
factors is likely to influence incidence of reporting. Preliminary longitudinal analyses also
indicate that a cumulative linear approach to the study of workplace hazards is able to predict
longer-term changes in health status, such as stress and cardiovascular disease risk factors.
Furthermore, where the additive (NOF) score was deconstructed and examined in terms of the
relative influence of its' constituent parts, it is evident that particular components had a selective
influence on particular outcomes. For example, where the effort-reward imbalance factor was
found to exert a significant influence, this may be largely have been due to the experience of
high intrinsic effort. However, where the three components of the NOF score (physical
hazards/working hours, job demand-control-support and effort-reward imbalance) were
deconstructed in this manner, the influence of, say intrinsic effort, on a particular outcome may
have been exacerbated by the simultaneous occurrence of high demands, low control and low
social support. We are therefore able to conclude that individuals exposed to multiple stressors
in this way are at greater risk of negative outcomes than those exposed to a single stressor.
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Preliminary analyses assessing the impact of negative workplace factors on objective measures
indicated a similar pattern of association. A linear approach to the assessment of workplace
hazards on performance tasks indicated a cumulative effect in terms of deficits on tasks
measuring speed of response to a target. Similarly, noise and night work in combination tended
to produce greater deficits in terms of mood and performance than the experience of either
stressor in isolation. Furthermore, this approach was also able to predict fluctuations in
performance over the course of a testing session, the working day and the working week,
allowing assessment of longer-term effects of exposure.

11.9

SUPPORT FOR PREVIOUS FINDINGS

The current project provides support for previous research in a number of ways. Firstly, the
association between both the Job Demand-Control-Support Model and the Effort-Reward
Imbalance Model and CHD is well-documented (e.g. Kawakami & Haratami, 1999; Siegrist,
1996). Furthermore, evidence of a link between these two models and a number of other
outcome measures has also been found in previous studies (e.g. musculoskeletal problems:
Faucett & Rempel, 1994 [JDCS] and Joksimovic et al., 2002 [ERI]; mental health: Stansfeld et
al., 1999, 2001).
The impact of physical stressors (e.g. noise, exposure to harmful substances) and working hours
(e.g. night/shift work) on negative outcomes has been extensively researched (e.g. noise: Butler
et al, 1999; working hours: Sparks et al, 1997). However, few studies have addressed the effects
of these potential stressors in combination, with some notable exceptions (e.g. noise and
working hours on physical health: Lercher et al., 1993: noise and working hours on
performance: Smith & Miles, 1986, 1987). With regards the relative influence of the JDCS and
ERI models on outcome measures, a small body of literature suggests that use of these in
combination may yield greater predictive power than either individually, or that each model
may be differentially associated with particular outcomes (e.g. Bosma et al, 1998; Kivimäki et
al., 2002; de Jonge et al., 2000; Tsutsumi et al., 2001).
However, very few studies have attempted to address how all of these stressors might combine
to produce effects on health, accident and performance outcomes, as was the intention of the
current research project. One group of researchers (Luz et al., 1990; Melamed et al., 2000;
Shirom et al., 2000) demonstrated the predictive validity of a similar cumulative measure of
workplace stressors, although this has largely been limited to the study of workplace accidents
and injuries.
It should also be noted that the previous research has tended to concentrate on the association
between these stressors and very specific outcomes: i.e. the effect of the JDCS and ERI models
on cardiovascular disease, and physical hazards/working hours on performance and accidents at
work. The current project takes a more global view and attempts to assess not only a wide of
range of potential stressors, but also a representative set of negative outcomes.

11.10 DIRECTIONS FOR FUTURE RESEARCH
A number of methodological issues are highlighted by the research detailed in this report.
Firstly, that accurate prediction of work-related accidents and minor injuries requires study of
specifically targeted samples. Such events are relatively rare in the general population; therefore
in order to assess the nature of the relationship between occupational hazards and accident and
injury type, much larger numbers would be needed. This may be achieved by increasing the
sampling frame (i.e. by accessing a greater number of A&E departments or sampling over a
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longer time period) or by specific examination of occupational groups at high risk of accidents
and injuries.
There are also a number of problems inherent within cross-sectional subjective analyses;
controlling for negative affectivity and demographic factors goes some way to alleviate these,
yet we are not able to draw conclusions regarding longer-term (i.e. chronic) effects of exposure
to workplace hazards, or to make inferences with regards the direction of the effects observed.
Although preliminary longitudinal analyses do indicate that the approach used with crosssectional data can also predict longer-term changes in health status for example, the smaller
sample size makes detailed analysis of the components of the NOF score difficult.
With regards objective measurement of performance, uniform measurement techniques in terms
of both dependent and independent measures carried out on large samples, would provide more
detailed information on the relationship between combined effects of occupational hazards and
performance deficits suggested by the current findings. In addition, studies targeted at specific
occupational groups known to contain a high proportion of night workers, for example, would
further our understanding of this area. There are also other psychosocial job characteristics that
may be worth considering in a combined model, these include organisation justice (Elovainio,
Kivimäki, Vahtera, Keltikangas-Järvinen & Virtanen, 2003).

11.11 SUMMARY
Even given the methodological difficulties highlighted, the research described in this report
points to a number of conclusions in terms of the combined effects of occupational hazards on
health, well-being, accidents, injuries and work performance:
·
·
·
·
·

Workplace stressors may combine cumulatively to produce negative outcomes
The level of exposure that predicts negative effects may be dependent on the outcome
Particular combinations of stressors often produce selective effects on outcomes
This approach is able to predict longer-term changes in health status
Effects observed from subjective data generalise to more objective measurement

When taken together, these findings offer a significant contribution to the study of combined
effects of workplace stressors. Although not an exhaustive list of all possible hazards that may
occur in the working environment, the NOF score appears to be a valuable tool in the prediction
of likelihood of a number of different types of negative outcome: poor physical and mental
health, negative health-related behaviours, accidents, injuries, and impaired cognitive
performance.
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12.

12.1

RECENT APPLICATIONS OF THE COMBINED EFFECTS
APPROACH AND IMPLICATIONS FOR POLICY
INDUSTRY SPECIFIC ISSUES

The combined effects approach has been used in recent research on seafarers’ fatigue
(McNamara and Smith, in press; Smith et al., 2003). Fatigue is a major occupational problem
and this research addresses the issue using both the standard job characteristics associated with
many occupations and also features of the job that are more specific to seafarers (e.g. motion
and vibration). The results showed that the negative occupational factors score was linearly
related to both fatigue and general health (as measured by the Short Form Health Questionnaire
[SF-36]).
Figure 3
Combined effects of work hazards and scores on the PFRS Fatigue scale
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Figure 4
Combined work hazards and the General Health Score from the SF-36
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12.2

ETHNICITY AND NEGATIVE OCCUPATIONAL FACTORS

In our current research on ethnicity and stress at work we have identified differences between
ethnic groups in reported stress, with Afro-Caribbean and Asian workers reporting higher stress
levels than white workers. However, the associations between negative job characteristics and
reported stress were the same for all the ethnic groups. This shows that the association is very
robust and also shows that differences in perceived stress in the ethnic groups does not reflect a
difference in the job characteristics-stress mechanism.

12.3

A SIMPLE MEASURE OF OCCUPATIONAL FACTORS TO BE INCLUDED
WHEN ASSESSING THE IMPACT OF OTHER FACTORS

Wadsworth, Moss, Simpson and Smith (in press) have examined the impact of psychotropic
medication on accidents, minor injuries and cognitive failures at work. Initial analyses showed
strong associations between medication use and the outcomes but most of these could be
explained by confounding factors especially the negative occupational score. However, sleeping
tablet use showed an association with accidents at work even when negative occupational
factors were taken into consideration.
Smith et al. (unpublished) have also examined the association between illegal drug use and
safety at work. The results showed little effect of drugs when no other risk factors were present
and in the case of accidents, use of drugs clearly had a much smaller impact than the presence of
negative occupational factors (see Table 104). In the case of minor injuries and cognitive
failures a different profile was seen, with drug use having no effect when no other risk factors
were present but being associated with an increased risk when other risk factors were present
(see Tables 105 and 106).
Table 104
Accidents at work: drug use and total negative score as a risk factor

N=3883
Quartiles of total negative job
characteristics score & drug use
in the last year

Lowest quartile & no drug use
Lowest quartile & drug use
2nd quartile & no drug use
2nd quartile & drug use
3rd quartile & no drug use
3rd quartile & drug use
Highest quartile & no drug use
Highest quartile & drug use
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OR
1.00
0.64
1.42
1.48
1.91
2.41
3.62
3.99

Table 105
Minor injuries at work and interactions of drug use with risk factors

N=3541
Number of risk factors & drug
use in the last year

No risk factors & no drug use
No risk factors & drug use
1 risk factor & no drug use
1 risk factor & drug use
2 risk factors & no drug use
2 risk factors & drug use
3 risk factors & no drug use
3 risk factors & drug use
4 risk factors & no drug use
4 risk factors & drug use

OR
1.00
1.16
1.09
2.45
2.04
3.89
3.77
7.61
5.65
8.99

Table 106
Cognitive failures at work and interactions of drug use with risk factors

N=3715
Number of risk factors
& drug use in the last
year

12.4

Less than 4 risk factors & no drug use
Less than 4 risk factors & drug use
4 risk factors & no drug use
4 risk factors & drug use
5 risk factors & no drug use
5 risk factors & drug use
6 risk factors & no drug use
6 risk factors & drug use
7 or more risk factors & no drug use
7 or more risk factors & drug use

OR
1.00
1.35
1.97
5.83
4.50
5.08
6.64
9.28
15.20
36.69

IMPLICATIONS FOR POLICY: STRESS MANAGEMENT STANDARDS

The present approach has a number of implications for the development of stress management
standards. The Health and Safety Commission has concluded that reducing stress at work
depends on modifying business culture and that employers and employees should work together
in partnership against a framework of management standards. This involves employers gauging
their performance in tackling a range of key stressors (demands, lack of control, lack of support,
poor relationships, role conflicts and change). The first relevant point to emerge from the
present research is that consideration of these stressors in isolation is a mistake. However,
something similar to the negative occupational score could easily be derived from the tools that
have been developed. A second problem, which has not been addressed even by the present
research, is that factors and items need to be weighted rather than merely added up. For
example, high demands and high effort clearly have a much greater impact on stress than do
control and support. A third problem reflects the cut-off points for satisfactory performance.
This can now be addressed precisely by quantifying the associations between the factors,
combinations of factors and reported stress. Probably the most urgent need is to examine
combinations of some of the factors not covered in the present project (role, relationships and
change). The impact of not achieving satisfactory performance also needs to be considered for
other indicators than just stress. Indeed, many factors known to influence stress also have
effects on performance efficiency and this approach is often much easier to sell to organisations
than one based solely on improving the quality of working life.
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12.5

OVERALL SUMMARY OF THE PROJECT

The research reported here had five main aims. First, to review the current literature on the
combined effects of occupational hazards on health and safety. Second, to conduct secondary
analyses of self-report data from randomly selected community samples to examine the impact
of combinations of workplace factors on health and safety. Third, to investigate the effects of
combinations of workplace factors on accidents at work in a sample attending Accident and
Emergency units in Wales. Fourth, to investigate, using measures taken before and after work at
the start and end of the working week, effects of combinations of workplace factors on
performance efficiency and physiology. Finally, to assess the utility of the approach to other
current topics of interest and review the implications of the results for policy issues such as
stress management standards.
The results showed that a measure of exposure to combinations of workplace factors (the
Negative Occupational Factors Score) was associated with a number of health and safety
outcomes, many of which were consistent across different industry sectors. Some of the
associations reflected levels of perceived stress at work whereas others did not involve stress
mediation. Negative occupational factors combined with non-work factors (e.g. demographic
characteristics) to increase the risk of stress and minor injuries at work. Dissection of the
negative occupational factors score identified outcomes influenced by job demand-controlsupport, effort-reward imbalance and physical hazards/working hours. Some outcomes were
associated with all of these dimensions, others by pairs of dimensions and some were specific to
a particular dimension. Stress at work was associated with all dimensions but a combination of
high demands/high effort had the major effect. Analyses of longitudinal data confirmed effects
observed in the cross-sectional analyses and gave a better indication of causality. The results
from the Accident and Emergency Unit study showed that the negative occupational factors
score also predicted accidents at work. Similarly, objective measures of performance and
physiology were influenced by exposure to combinations of occupational factors. The present
approach has also been shown to be important in assessing specific problems in certain
occupations (e.g. seafarers’ fatigue) and in clarifying the effects of drug use on safety at work.
In addition, it has strong implications for the development of stress management standards.
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Covariates significantly associated with the 14-day medication use outcomes
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