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variations that occur in a short period between the R-R intervals, obtaining information on how the
parasympathetic nervous system (SNP) affects the cardiovascular system. Thanks to the RMSSD we
know with little time of measurement if there have been changes, the greater the RMSSD being the
greater the parasympathetic activity.

Heart rate increases and, thus, the time between successive RR-intervals gets shorter during
inhalation (inspiration) and longer during exhalation (expiration). This fluctuation in the time between
the successive RR-intervals is called HRV. Image extracted by Stress and Recovery Analysis Methods
based on 24 h heart rate variability, Firstbeat Technologies Ltd. (Figure 5).

• Time stress in 24 h (minutes): time in minutes of an average of 24 h reacting to stress.
• Stress percentage (%) (% Stress): percentage of reaction to stress in an average of 24 h.
• Recovery time in 24 h (minutes): total time, measured in minutes, in which the body is recovering.
• Percentage recovery (%) (% Recovery): percentage of total recovery time in 24 h.

Figure 5. Electrocardiogram (ECG) exhibiting respiratory sinus arrhythmia.

The studies say that in 24 h, an adequate management of stress that impacts healthily in the
professional and personal environment would entail between 40–60% of the time spent in activities that
suppose a positive stress in the organism, indispensable for the high work performance, complemented
with more than 30% of regenerative activities/recovery, which would be equivalent to 432 min of the
1440 min that day. We could summarize it (Figure 6):

 
Figure 6. Values expressed in percentage of the impact of stress and recovery on performance.

It is important to note that stress is not always harmful. Stress can be positive or negative.
The presence of stress may indicate that the person is experiencing something exciting or joyful.
However, high stress indicators over a long period of time negatively impact personal well-being and
health. Moderate stress levels during a normal working day are associated with high productivity
at work.

Stress Balance: The 24 h stress balance features identify areas of stress in an executive’s routine.
This variable evaluates the balance between stress and recovery during the day or time slots analyzed,
identifying if the body tendency reacts predominantly towards stress or relaxation.
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Regular recovery is necessary for physiological systems to overcome the effects of stress. Recovery
means reduced activation levels in the body in the absence of internal and external stress factors.
During recovery, parasympathetic (vagal) activations dominate the ANS and psychophysiological
resources are restored.

The connection between HRV and stress-recovery is commonly recognized. Strong indicators of
recovery include individually low HR and high HRV. Night-time recovery rates are a key factor in
stress balance.

The Firstbeat software gives us the stress balance value automatically for all the monitored record,
this value being between 1 and −1 (values closer to 1 will indicate a correct recovery, while values
close to −1 indicate a poor recovery) (Table 1).

Table 1. Stress balance areas.

High Tendency
to Stress

Moderate Tendency
to Stress

Moderate Tendency
to Relaxation

High Tendency
to Relaxation

From −1 to −0.5 From −0.49 to 0 From 0.1 to 0.49 From 0.5 to 1

Following the Healthy Box® methodologyy for specialized research in companies (Freedom and
Flow Company, Spain) and in order to homogenize the recorded data as much as possible, we decided
to divide the day into three strips and analyze the variables in a segmented manner for each of them,
protocolizing the analysis and data processing:

• Work: in those cases in which the subject did not indicate an atypical variation of his work
schedule, we applied the protocol of the type schedule (09:00 a.m. to 6:00 p.m.), as well as in the
subjects who specified us schedule, and we filtered all the minutes worked throughout the 24 h of
analysis, even if it was a split day.

• After Work: we consider here all the hours in which you are not working or sleeping, being
the standardized hours from 6:00 pm to 11:00 pm, always respecting the specifics of the sample
indicated by each subject.

• Night: For the evaluation of the recovery index, the results are highly individualized, since the
method is to use a 4 h window that starts 30 min after going to bed, in order to compare the
intensity of recovery with the highest measurement of registry.

For the calculation of stress balance, all the moments in which there is no signal or identification
by the device, were broken. In this way, we were able to calculate the stress balance in each time slot
through the following formula:

Stress Balance =
(Relaxion + Recovery from exercise)− “non − identificable”
(Relaxion + Recovery from exercise) + “non − identificable”

The last of the analyzed data was training effect (TE), which represents the degree of alteration
of the homeostasis resulting from a physical activity session (in our case of the 24 h measurement).
The effect of training is based mainly on the values of COPD during the exercise, which is extended
depending on the physical state or level of activity of the people. The higher the value of TE, the
greater the expected increase in maximum performance after the exercise will also be. COPD (and TE)
increases when the intensity or duration of exercise increases.

• Training effect describes the effect of the exercise on a scale of 0–1: 0.0–0.9 = no effect;
1.0–1.9 = minor effect; 2.0–2.9 = maintenance effect; 3.0–3.9 = improvement effect; 4.0–4.9 = highly
improving effect; 5.0 = temporary overreach effect.
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2.5. Statistics Analysis

The data processing was carried out in two general lines:

• Descriptive study of the physiological burden of stress and recovery during a workday in a
sample of n = 48 executives. All values are shown as mean ± standard deviation (Med ± DS).

• Descriptive study comparative of the physiological load of stress and recovery during a workday
between men (n = 28) and women (n = 20).

All statistical analyses were performed with SPSS® V.23. (SPSS Inc., Chicago, IL, USA) for
Windows. All values are shown as mean ± standard deviation (Med ± DS). Due to the size of the
sample, less than 50 subjects, the U-Mann Whitney test was carried out to verify the normality of
the sample distribution. The level of significance was set at p < 0.05. Those variables that followed a
normal distribution were applied the Student’s T test for independent samples with two-tailed analysis,
making the comparison with a confidence interval of 0.95 percent. In case of finding differences, and in
order to avoid the type I errors that are made when making multiple comparisons, the Bonferroni post
hoc test was performed. For those variables that needed their corresponding analysis of non-parametric
type, Friedman’s nonparametric test was used. To determine between which intervals differences were
obtained, we used the nonparametric test of two Wilcoxon-related samples. The level of significance is
set at p < 0.05. For the correlation tests, the Pearson or Spearman test was used according to parametric
or nonparametric variables.

3. Results

In the descriptive study of the physiological burden of stress and recovery during a workday in a
sample of n = 48 executives. All values are shown as mean ± standard deviation (Med ± DS).

The general aspects to consider are the reaction time to stress in minutes and percentage with
respect to the total of the day. In this sense the reaction to stress can be positive or negative. An
optimal average for work performance and health would be to find the percentage of reaction to stress
between 40–60% of total hours of the day (9.6 h–14.4 h out of a total of 24 h). On the other hand,
the relaxation time corresponds to the periods of time in which the body is recovering/regenerating.
Important recovery periods include sleep and rest times during the day. As a reference, we should
rest at least 30% (7.2 h) in a 24 h period. The result of the average percentage of time directly related
to physiological reactions to stress during a 24 h workday in the group analyzed is 40.96 ± 18.91%,
placing them within the values rated as habitual and optimal for performance. On the other hand, the
average relaxation time in a 24 h period expressed as a percentage is 24.38 ± 11.45%, being lower than
the recommended values (<30%). Significant differences have been found between stress time and
relaxation time during the workday, a which mean that in a 24 h workday, stress is more present in the
body than relaxation (p < 0.05). Below are the results analyzed for each time slot (Table 2).

Table 2. Descriptive analysis of the physiological load and recovery (Med ± SD).

Relax Time (min) %Relax Total Stress Time (min) %Stress Total Stress Balance

Work 51.38 ± 89.14 3.57 ± 6.19% 310.11 ± 157.84 * 21.54 ± 10.96% −0.59 ± 0.48 *
After Work 38.41 ± 45.67 2.67 ± 3.17% 212.89 ± 93.08 * 14.78 ± 6.46% −0.52 ± 0.48 *

Night 276.13 ± 94.88 * 19.18 ± 6.59% * 85.78 ± 88.11 * 5.96 ± 6.12% 0.57 ± 0.43 *
Total 351.75 ± 164.86 24.38 ± 11.45% 589.88 ± 272.37 40.96 ± 18.91% −0.31 ± 0.37

Min = minutes. * p < 0.01

As we can see in Table 2, the highest stress time is given in the time slot corresponding to the
working hours, decreasing significantly in the after work range (p < 0.00) and during the night (p < 0.00).
With respect to the relaxation time, we did not find significant differences in the time of relaxation
inside and outside of work, although there we did between after work and night (p < 0.00), with
other types of activities being able to exist outside the working hours that the device does not identify
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as stressors, and with it their corresponding impact on the SN, but that also do not allow the body
to relax.

In the analysis of the impact of stress generated during working hours can generate in the rest
of the variables, we found that there is a low positive correlation between the time of stress at work
and stress time outside working hours (r = 0.30) (p < 0.05), being significantly different among them
(p < 0.00), which indicates that the more stress at work, the more stress tends to be outside of working
hours. We also found a low positive correlation between work stress and stress time present during the
night time (r = 0.38) (p > 0.05), being significantly different, so, in this sense, having higher work stress
is also relates to a greater tendency to suffer greater nighttime stress (p < 0.00). However, we did not
find in the results any kind of correlation between the stress time shown during working hours and
the nighttime relaxation time, which shows that the stress time generated during working hours does
not have to involve lower values of relaxation during the night, although it does imply a significant
decrease in the values of SB nocturne (r = −0.37) (p < 0.05).

On the other hand, when we analyze the impact of stress that is generated and/or remains outside
of working hours after working hours, we find a moderate negative correlation between the stress
time generated outside of working hours and the nighttime relaxation time, which indicates that the
greater the hours of stress outside of work, the shorter the relaxation time during the night (r = −0.48)
(p < 0.01) and the lower values of the SB at night (r = −0.35) (p < 0.05).

If we analyze separately the tendency of the organism to be in a state of stress or recovery
during the full working day (24 h), the average found is identified with “moderate tendency to stress”
(−0.31 ± 0.37), maintaining a high tendency to stress both within (−0.59 ± 0.48) and outside working
hours (−0.52 ± 0.48), compensated with moderate recovery values only during the night (0.57 ± 0.43)
(Figure 7).

 
Figure 7. Stress balance for different time slots.

In the descriptive study of the physiological load of stress and recovery during a workday,
segmented by gender (men, n = 28 and women, n = 20), we only found significant differences between
gender in the time of reaction to stress by the night, being significantly lower in men (62.37 ± 73.0 min)
than in women (119.0 ± 98.5 min) (Table 3).

In the descriptive study of the effect of training during a working day, we found that the analyzed
sample obtained a TE of 1.69 ± 0.67, which means that it has a low level of physical activity (less
training effect).
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Table 3. Descriptive analysis of the physiological load and recovery segmented by sex (Med ± SD).

Relax Time (min) % Relax Total Stress Time (min) % Stress Total Stress Balance

Work
Men 60.78 ± 104.02 4.22% 313.56 ± 175.72 21.78% −0.63 ± 0.48

Women 38.70 ± 64.33 2.69% 305.45 ± 134.25 21.21% −0.55 ± 0.50

After work
Men 42.37 ± 45.84 2.94% 194.48 ± 90.32 13.50% −0.46 ± 0.53

Women 32.79 ± 46.07 2.28% 239.05 ± 92.98 16.60% −0.61 ± 0.38

Night Men 292.3 ± 90.79 20.30% 62.37 ± 73.05 * 4.33% 0.65 ± 0.43
Women 253.16 ± 98.23 17.58% 119.05 ± 98.53 * 8.27% 0.47 ± 0.41

Total
Men 381.32 ± 182.87 26.48% 550.04 ± 294.57 38.20% −0.23 ± 0.41

Women 310.35 ± 128.91 21.55% 645.65 ± 233.66 44.84% −0.41 ± 0.26

* p > 0.05.

4. Discussion

After analyzing the results, we explained that the main objective of this study was fulfilled, which
was to describe the physiological burden of stress and the quality of recovery in a population of
senior managers during the workday analyzed during three differentiated time slots: work, after
work, and night. The marked secondary objective has also been met, through which it was sought to
transfer the use of high-performance technology for the objectification of parameters related to health
management and stress in executive positions of high responsibility to the business environment.

The hypothesis of research generated at the beginning of the study was fulfilled in which we
established that the physiological load derived from a low quality of recovery during the 24 h workday,
negatively influences the increase in the physiological load that stress entails in the manager in the
medium-long term.

As we can see, the stress generated in the time interval between the work output and the time
of going to bed is the one that significantly seems to influence more strongly in a low quality of
recovery during the night since it does seem to influence the nighttime relaxation time with a negative
correlation of r = −0.48. While the stress time generated during working hours does not correlate
with it. In this case, whether in a general way or segmented by sex, the organism’s longest period of
relaxation occurs significantly at night, finding in this range the only positive SB values, related to a
better quality of recovery.

To this effect, the data show a low positive and significant correlation between stress time at
work and stress time outside working hours, which a priori indicates that the more stress at work,
the more stress tends to exist outside working hours, thus influencing a worse quality of night recovery.
However, if the stress is significantly lower after working hours but does not find significant differences
in the relaxation time inside and outside of work, it may lead us to think that there may be other types
of activities outside of work hours that, although not being identified by the body as stressors and are
not directly related to work, nor allow the body to relax.

In line with this hypothesis, the device used identifies physical activity as an element different
from stress/relaxation, which is why we include in the analysis of variables the effect of training
derived from the time that the device collects as a practice of physical activity. In the analyzed
population, the effect of the training is 1.69 ± 0.67 out of a maximum of 5.0, which means that they
hardly did any physical activity during the day they wore the device, so we can rule out the practice of
physical activity outside the working hours as a physical stressor responsible for the values recorded
with respect to the time of stress and its relationship with relaxation time outside working hours,
leaving the hypothesis open to the cause of stress outside working hours corresponds to other types of
activities personal and/or professional.

In this regard, the study by Föhr et al., (2016) correlated in a sample of 16,275 lower Finnish
workers percentages of stress during the days of work and during the work itself in those who had
a practice of high daily physical activity, impacting also in its quality of recovery [28], In the upper
management segment, the practice of physical activity is, thus, defined as a great compensatory tool for
the stress generated during the day, deficient in the sample analyzed, which would serve to improve
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not only their levels of strength and aerobic capacity, but also improve the effects of training in general
health and the management of physiological stress in particular.

On the other hand, our results confirm previous studies showing a strong relationship between
the decrease in HRV and stress in the body [20,23,24], however most of these studies describe stress as
“work-related stress”. Analyzed in a general way, nevertheless, by segmenting the working day in
three time zones—work, after work, and night—our results show how the stress generated during
working hours is not directly responsible for the decrease in HRV sustained in time, and may not be
in this case and for this sample, the problem to “manage” if the period included outside work hours
(after work) until the time of going to bed.

Acute stress correlates with a decrease in HRV during sleep [21] and during the day [22],
which may mean that the acute stress peaks that significantly decrease the quality of recovery during
the night in our group are not given during work hours, but outside of work.

In this sense, the management of stress produced outside of work is decisive to achieve a quality
of positive recovery and enough to compensate the reactions to stress the rest of the workday, if the
stress generated outside of work is not caused for the practice of physical activity (positive stress),
there are other personal or professional causes that strongly condition the quality of recovery in the
upper management segment. In relation to this line of hypotheses, the team of Zoupanou et al. (2013)
concluded in its study that employees strongly influenced by work are the ones with the highest
negative stress, however, this result cannot be confirmed with our study, being necessary to continue
expanding the sample with the aim of knowing which activities are those that cause an increase or
maintenance of stress levels outside working hours, and cannot be directly attributed solely to the
workload generated during the same.

5. Conclusions

The stress generated or maintained outside working hours correlates significantly with a lower
quality of recovery during the 24 h workday.

It is necessary to prioritize strategies that help improve stress management in executives through
the improvement of tools and strategies that promote greater relaxation outside working hours mainly.

The sample analyzes presents values of physical activity practice lower than those recommended
by the World Health Organization.

6. Limitations

Variables, such as the IQ or socioeconomic status throughout the working life of the sample, were
not analyzed in this study, with possible covariates that would improve the analysis.

The comparison of the stress obtained through HRV with self-perceived stress questionnaires
could be very useful to obtain the physiological and mental relationship of stress both at a specific
time of the day and a total balance throughout the same.

There is some limitation in the exact control of the work and after work bands in terms of the
completion of the work moment and the start of after work, which can be a factor of confusion for the
reader. The rest of the strips selected in the sample are very clear and precise. When developing the
sample we analyzed its functions in a fixed physical place, and we could assess the possibility that
these strips were inside the workplace and outside the workplace, as long as there was no mobility on
the part of the subject.
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Abstract: Oral disease can cause economic loss due to impaired work performance. Therefore,
improvement of oral health status and prevention of oral disease is essential among workers.
The purpose of this study was to investigate whether oral health-related behavioral modification
intervention influences work performance or improves oral health behavior and oral health status
among Japanese workers. We quasi-randomly separated participants into the intervention group
or the control group at baseline. The intervention group received intensive oral health instruction
at baseline and a self-assessment every three months. Both groups received oral examinations and
answered the self-questionnaire at baseline and at one-year follow-up. At follow-up, the prevalence of
subjects who use fluoride toothpastes and interdental brushes/dental floss were significantly higher in
the intervention group than in the control group. Three variables (tooth brushing in workplace, using
fluoride toothpaste, and experience of receiving tooth brushing instruction in a dental clinic) showed
significant improvement only in the intervention group. On the other hand, work performance and
oral status did not significantly change in either group. Our intensive oral health-related behavioral
modification intervention improved oral health behavior, but neither work performance nor oral
status, among Japanese workers.

Keywords: work performance; oral health; intervention study; behavioral modification

1. Introduction

Health impairment influences work performance due to pain, absence for treatment and physical
disability [1–4]. The World Health Organization states that protecting workers’ health is important to
household income, productivity, and economic development, and work-related health problems result
in an economic loss of 4–6% of gross domestic product (GDP) for most countries [5].

Several chronic diseases, including oral diseases, were reported to cause economic loss due to
impaired work performance [6]. In Japan, 34.8% of workers had problems with work due to oral
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diseases and impaired work performance [7]. Another study reported that oral diseases indirectly
impose an economic burden, costing US$144 billion in terms of productivity losses due to absenteeism
from work [8]. Thus, prevention and control of oral diseases is important for workers to avoid impaired
work performance and subsequent economic loss.

Improving individual oral health behavior is effective for preventing oral diseases. Dentists
or dental hygienists perform behavioral modification for improvement of patient oral health
behavior [9–11]. Adopting methods for behavioral modification, such as “prompt self-monitoring of
behavior”, “prompt intention formation”, “prompt specific goal setting”, “provide feedback on
performance”, and “prompt review of behavioral goals”, are effective [12,13]. However, there have been
few studies investigating the effects of intervention for behavioral modification on work performance.

We hypothesize that oral health-related behavioral modification intervention will improve work
performance by improving oral health behavior and oral health status. This study aims to investigate
whether oral health-related behavioral modification intervention influences work performance or
improves oral health behavior and oral health status among Japanese workers.

2. Materials and Methods

2.1. Study Population

We estimated the sample size using G*Power and calculated minimum sample sizes for a
chi-squared test. We set the effect size at 0.3, alpha at 0.05, and power (1 − β) at 0.80 [14]. The minimum
sample size was 108 (chi-squared test). Assuming an attrition rate of 30% [15,16], the planned sample
size was therefore a minimum of 308 participants (154 in each group).

Among central or branch offices in Okayama in Japan, we recruited companies that have never
received oral examination in work places and agreed to participate in the study. A total of 14 companies
in Okayama, Hiroshima, Osaka, and Kyoto cities in Japan agreed to participate in this study. Inclusion
criteria for participant recruitment were to complete oral examinations and questionnaires, while
exclusion criteria were participants who did not agree to participate. We enrolled 611 workers from
April to December 2015 and performed re-examination from April to December 2016.

This study was an assessor-blinded, quasi-randomized trial (alternate allocation). All participants
first received an oral examination and answered self-administered questionnaires, and were then
divided into two groups in the order in which they came at baseline (2015). After alternate
allocation (ratio; 1:1), participants were assigned to the intervention group or the control group.
After oral examination, the intervention group received instructions for oral health-related behavioral
modification. They were involved in further intervention by the mailing method, which was performed
every three months. The control group received only oral examinations. After one year (follow-up)
(2016), the two groups received re-examination and answered self-questionnaires.

All study protocols were approved by the Ethics Committees of Okayama University Graduate
School of Medicine, Dentistry and Pharmaceutical Sciences and Okayama University Hospital
(no. 1507-001). Written informed consent was obtained from all targeted participants. Moreover,
this study was registered at the University Hospital Medical Information Network (no. 000023011)
before commencing.

2.2. Oral Examination

At baseline and follow-up, six dentists (M.M., T.I., H.M., A.T.-T., A.Y., D.F.) who did not know
the allocation performed oral examinations (single blind). The dentists assessed oral health status
based on community periodontal index (CPI) [17], debris index-simplified (DI-S) [18] and bleeding
on probing (BOP) using a CPI probe (YDM, Tokyo, Japan). CPI, DI-S, and BOP were measured
for 10 representative teeth (maxilla: right first and second molar, right central incisor, left first and
second molar; mandible: right first and second molar, left central incisor, left first and second molar).
CPI scores were binarized; 0–2 vs. 3, 4. DI-S was evaluated in 4 grades (0–3). BOP was expressed as
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percentage (%BOP). In addition, the number of present teeth, decayed teeth, and filling teeth were
recorded [17]. For assessment, all dentists received training and calibration. Data of CPI score (≤2/>2)
were analyzed using a non-parametric kappa test. The kappa coefficients for intra- and inter-examiner
reliability were 1.0 and 0.83, respectively.

2.3. Self-Questionnaire

Before oral examination, participants answered self-questionnaires on sex, age, job category [19],
work pattern (daytime/daytime and nighttime/flextime), and 10 questions about oral health [20],
as presented below:

(1) Do you have a family dental doctor? (Yes/No)
(2) Does your work disturb you going to dental clinic? (Yes/No)
(3) Do you brush your teeth in your workplace? (Always/Sometimes/No)
(4) Do you eat snack food between meals? (Always/Sometimes/No)
(5) Do you smoke tobacco? (Current smoking/Past smoking/Never)
(6) Do you brush your teeth before going to bed? (Always/Sometimes/No)
(7) Do you use fluoride toothpaste? (Yes/No/I don’t know)
(8) Do you use interdental brushes/dental floss? (Always/Sometimes/No)
(9) Have you received tooth brushing instruction at a dental clinic? (Yes/No)
(10) Have you received oral examination in the past year at a dental clinic? (Yes/No)

Furthermore, to assess whether oral status influences work performance, we asked “Have you
had any problems with work performance because of oral diseases?” [7]. The answer was given in a
“yes/no” format. If the answer was “yes”, work performance was assessed as impaired.

2.4. Intervention

The intervention group received individualized instruction for five minutes. During the study
briefing, the participants set three goals for oral health behavioral modification to improve individual
oral status and received advice on achieving the goals using a leaflet and a dental model. The instructors
were dental hygienists or dentists who did not perform oral examinations. Moreover, we performed
self-assessment questionnaires three times per year by mail (mailing method). In the mailing method,
the intervention group evaluated the level of achievement of the goals, which were suggested at
baseline intervention and reconsidered the direction. If the goals were achieved, new goals were
established by participants.

2.5. Statistical Analysis

SPSS version 20 software (IBM, Tokyo, Japan) was used for statistical analyses. Values of p < 0.05
were considered to indicate significant associations. Chi-squared tests or non-paired t-tests were used to
assess whether there were significant differences between the intervention group and the control group
at both baseline and follow-up. McNemar test, McNemar-Bowker tests or paired t-tests were used to
assess whether there were significant changes between baseline and follow-up.

3. Results

Figure 1 shows the flow chart for study participants. All participants agreed to participate in this
study. As the participants who did not undergo re-examination or provided incomplete data were
excluded, 371 workers out of 611 workers were included in the analysis (final follow-up rate; 60.7%).
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Figure 1. Flow chart showing the protocols for selecting analyzed workers from among those who
agreed to participate in this study.

Table 1 shows the distribution of participants’ characteristics at baseline. Data were not
significantly different between the two groups at baseline (p ≥ 0.05, chi-squared tests, data not shown).
The most common job category was professional and technical workers (36.9%). Daytime workers
accounted for 85.4% of participants.

Table 1. Characteristics of participants at baseline.

Variables Intervention (n = 188) Control (n = 183)

Sex

Male 149 (79.3) 1 148 (80.9)
Female 39 (20.7) 35 (19.1)

Age (y) 40.7 ± 11.9 2 41.4 ± 11.9

Job category

Administrative and managerial workers 16 (8.5) 25 (13.7)
Professional and technical workers 67 (35.6) 70 (38.3)
Clerical workers 38 (20.2) 23 (12.6)
Sales workers 20 (10.6) 15 (8.2)
Service workers 3 (1.6) 4 (2.2)
Security workers 9 (4.8) 7 (3.8)
Manufacturing process workers 28 (14.9) 36 (19.7)
Transport and machine operation workers 7 (3.7) 3 (1.6)

Work schedule

Daytime work 160 (85.1) 157 (85.8)
Daytime and nighttime work 8 (4.3) 6 (3.3)
Flextime work 20 (10.6) 20 (10.9)

1 n (%); 2 Mean ± standard deviation.
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In Table 2, we show a comparison of clinical variables between the two groups at baseline and
at follow-up. All variables related to oral health status did not significantly differ between the two
groups at baseline and follow-up (p ≥ 0.05, non-paired t-tests or chi-squared tests, data not shown).

Table 2. Comparison of clinical variables between the intervention group and the control group
at follow-up.

Variables

Baseline (2015) Follow-up (2016)
p-Value

Intervention
(n = 188)

Control
(n = 183)

Intervention
(n = 188)

Control
(n = 183)

DI-S 1 0.36 ± 0.34 4 0.38 ± 0.33 0.35 ± 0.36 0.34 ± 0.37 0.784 6

%BOP 2 39.0 ± 30.5 40.5 ± 28.4 36.3 ± 27.3 37.4 ± 26.3 0.674
Present teeth 28.3 ± 2.4 28.5 ± 1.8 28.3 ± 2.4 28.6 ± 1.9 0.246
Decayed teeth 0.69 ± 1.58 0.77 ± 2.06 0.64 ± 1.60 0.60 ± 1.56 0.796
Filling teeth 8.67 ± 6.08 9.06 ± 5.73 8.66 ± 6.13 9.20 ± 5.64 0.376
CPI 3 ≤2 113 (60.1) 5 110 (60.1) 121 (64.4) 116 (63.4) 0.845 7

1 Debris index-simplified; 2 Percentage of bleeding on probing; 3 Community periodontal index; 4 Mean ± standard
deviation; 5 n (%); 6 Non-paired t-test at follow-up; 7 Chi-squared test at follow-up.

The distribution of self-questionnaire answers between the intervention group and the control
group is shown in Table 3. At baseline, there were no significant differences between the two groups
(p ≥ 0.05, chi-squared tests, data not shown). After intervention, the frequency of fluoride toothpaste
and interdental brushes/dental floss use was higher in the intervention group than in the control
group (p < 0.05). There were no significant differences in work performance.

Table 3. Comparison of qualitative variables between the intervention group and the control group
at follow-up.

Vriables

Baseline (2015) Follow-up (2016)

p-Value 1
Intervention

(n = 188)
Control
(n = 183)

Intervention
(n = 188)

Control
(n = 183)

Have you had any problems with work performance because of oral diseases?

Yes 9 (4.8) 2 12 (6.6) 7 (3.7) 7 (3.8) 0.959
No 179 (95.2) 171 (93.4) 181 (96.3) 176 (96.2)

Do you have a family dental doctor?

Yes 118 (62.8) 116 (63.4) 126 (67.0) 122 (66.7) 0.942
No 70 (37.2) 67 (36.6) 62 (33.0) 61 (33.3)

Does your work disturb you going to dental clinic?

Yes 91 (48.4) 76 (41.5) 83 (44.1) 71 (38.8) 0.296
No 97 (51.6) 107 (58.5) 105 (55.9) 112 (61.2)

Do you brush your teeth in your workplace?

Always 56 (29.8) 46 (25.1) 51 (27.1) 50 (27.3) 0.07
Sometimes 38 (20.2) 43 (23.5) 62 (33.0) 42 (23.0)
No 94 (50.0) 94 (51.4) 75 (39.9) 91 (49.7)

Do you eat snack food between meals?

Always 43 (22.9) 45 (24.6) 43 (22.9) 52 (28.4) 0.344
Sometimes 115 (61.2) 111 (60.7) 114 (60.6) 108 (59.0)
No 30 (16.0) 27 (14.8) 31 (16.5) 23 (12.6)
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Table 3. Cont.

Vriables

Baseline (2015) Follow-up (2016)

p-Value 1
Intervention

(n = 188)
Control
(n = 183)

Intervention
(n = 188)

Control
(n = 183)

Do you smoke tobacco?

Current smoking 43 (22.9) 44 (24.0) 45 (23.9) 43 (23.5) 0.994
Past smoking 33 (17.6) 29 (15.8) 31 (16.5) 30 (16.4)
Never 112 (59.6) 110 (60.1) 112 (59.6) 110 (60.1)

Do you brush your teeth before going to bed?

Always 152 (80.9) 137 (74.9) 160 (85.1) 140 (76.5) 0.075
Sometimes 25 (13.3) 28 (15.3) 21 (11.2) 28 (15.3)
No 11 (5.9) 18 (9.8) 7 (3.7) 15 (8.2)

Do you use fluoride toothpaste?

Yes 95 (50.5) 82 (44.8) 124 (66.0) 96 (52.5) 0.029
No 36 (19.1) 46 (25.1) 34 (18.1) 44 (24.0)
I don’t know 57 (30.3) 55 (30.1) 30 (16.0) 43 (23.5)

Do you use interdental brushes/dental floss?

Always 26 (13.8) 28 (15.3) 43 (22.9) 32 (17.5) 0.021
Sometimes 74 (39.4) 70 (38.3) 88 (46.8) 70 (38.3)
No 88 (46.8) 85 (46.4) 57 (30.3) 81 (44.3)

Have you received tooth brushing instruction at a dental clinic?

Yes 129 (68.6) 129 (70.5) 146 (77.7) 135 (73.8) 0.382
No 59 (31.4) 54 (29.5) 42 (22.3) 48 (26.2)

Have you received an oral examination in the past year at a dental clinic?

Yes 72 (38.3) 65 (35.5) 89 (47.3) 87 (47.5) 0.969
No 116 (61.7) 118 (64.5) 99 (52.7) 96 (52.5)

1 Chi-squared test on differences between intervention and control groups at follow-up; 2 n (%).

Changes in measured variables from baseline to follow-up in each group were also compared
(Table 4). Use of interdental brushes/dental floss and dental examinations in the past year
improved significantly in both groups. On the other hand, three variables (tooth brushing in
workplace, using fluoride toothpastes, and experience of receiving tooth brushing instruction) showed
significant improvement only in the intervention group. Work performance and oral status did not
change significantly.

Table 4. Changes in variables in intervention and control groups.

Variables
Intervention (n = 188) Control (n = 183)

Baseline Follow-up p-Value 6 Baseline Follow-up p-Value 6

Continuous variables
DI-S 1 0.35 ± 0.36 4 0.36 ± 0.34 0.913 0.38 ± 0.33 0.34 ± 0.37 0.165
%BOP 2 39.0 ± 30.5 36.3 ± 27.3 0.290 40.5 ± 28.4 37.4 ± 26.3 0.179
Present teeth 28.3 ± 2.36 28.3 ± 2.37 0.381 28.5 ± 1.78 28.6 ± 1.90 0.414
Decayed teeth 0.69 ± 1.58 0.64 ± 1.60 0.515 0.77 ± 2.06 0.60 ± 1.56 0.062
Filling teeth 8.67 ± 6.08 8.66 ± 6.14 0.969 9.06 ± 5.73 9.21 ± 5.64 0.337
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Table 4. Cont.

Variables
Intervention (n = 188) Control (n = 183)

Improved Worsened p-Value 7 Improved Worsened p-Value 7

Categorical variables

CPI 3 33 (17.6) 5 25 (13.3) 0.358 32 (17.5) 26 (14.2) 0.512

Have you had any problems with work performance because of oral diseases?

9 (4.8) 7 (3.7) 0.804 10 (5.5) 5 (2.7) 0.302

Do you have a family dental doctor?

13 (6.9) 5 (2.7) 0.096 18 (9.8) 12 (6.6) 0.362

Does your work disturb you going to dental clinic?

26 (13.8) 18 (9.6) 0.291 25 (13.7) 20 (10.9) 0.551

Do you brush your teeth in your workplace?

30 (16.0) 16 (8.5) 0.003 22 (12.1) 19 (10.4) 0.256

Do you eat snack food between meals?

27 (14.4) 26 (13.8) 0.997 18 (9.8) 28 (15.3) 0.403

Do you smoke tobacco?

4 (2.1) 7 (3.7) 0.392 8 (4.3) 7 (3.8) 0.978

Do you brush your teeth before going to bed?

13 (6.9) 4 (2.1) 0.132 13 (7.1) 10 (5.4) 0.733

Do you use fluoride toothpaste?

53 (28.2) 7 (8.0) <0.001 35 (19.1) 22 (12.0) 0.076

Do you use interdental brushes/dental floss?

50 (26.6) 7 (3.7) <0.001 26 (14.2) 15 (8.2) 0.049

Have you received tooth brushing instruction at a dental clinic?

24 (12.8) 7 (3.7) 0.003 16 (8.7) 10 (5.5) 0.327

Have you received an oral examination in the past year at a dental clinic?

28 (14.9) 11 (5.9) 0.009 32 (17.5) 10 (5.5) 0.001
1 Debris index-simplified; 2 Percentage of bleeding on probing; 3 Community periodontal index; 4 Mean ± standard
deviation; 5 n (%); 6 Paired t-test; 7 McNemar test or McNemar-Bowker test.

Oral health behavioral interventions are not invasive. Therefore, there were no study-related
serious adverse events in this study. Furthermore, outcomes did not change after the trial commenced.

4. Discussion

To the best of our knowledge, this was the first study to assess changes in work performance
after oral health-related behavioral modification intervention. The study design was reliable as
examinations were performed blinded, participants were quasi-randomly (alternate allocation)
separated into either an intervention group or a control group, and the sample size was sufficiently
large. Unfortunately, this intervention did not improve work performance, and there are several
reasons for this. In a previous study [21], it was reported that work performance is mainly influenced
by pain from oral diseases. In this study, there was a significant association between work performance
and oral pain (baseline, p = 0.002; follow-up, p = 0.019; chi-squared tests; data not shown). However,
there was no significant difference in the decrease in oral pain between the intervention and control
groups (p ≥ 0.05). A previous study showed that a combination of professional oral hygiene treatment
and oral hygiene instructions contributed to a decrease in gingival-related pain [22]. Thus, in the future,
we should investigate whether a combination of professional oral hygiene treatment and oral health
instruction improves work performance.
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Oral health-related behavioral modification intervention improved oral health behavior but not
oral health status. A systematic review showed that oral hygiene instruction had short-term and
long-term effects [10]. The short-term effects were improving knowledge, attitudes, self-efficacy, oral
health behavior, and theory constructs. The long-term effects included improving the number of
decayed teeth, plaque score, BOP, and gingival condition [10]. The results of this study may be
included in the short-term effects. Menegaz et al. suggested that a follow-up time of less than one
year led to a lack of efficacy for educational intervention [23]. In addition, Oshikohji et al. reported
that workers who had more participation time for oral examination and oral health instruction had
better periodontal condition than those with less time [24]. If the duration of this study and/or the
frequency of instruction was increased, oral health status might improve.

The intervention in this study was advantageous as it included some of the known factors
that lead to behavioral modification. We explained why the workers should change their
behavior (prompt intention formation), let the workers set goals independently (prompt specific
goal setting), and checked their improvement and prompted them to reconsider their goals
(prompt self-monitoring of behavior and prompt review of behavioral goals) [12,13]. Goals to improve
oral status were also set based on individual situations in this study. These concepts were supported by
a previous study [25]. Finally, the intervention time was short (5 min), a factor which may be effective
in workplaces to improve oral health behavior.

There were 17 participants who had problems with work because of tooth or gum disease
(4.6% of participants) at baseline. These conditions agree with the prevalence of poor work performance
caused by oral pain in previous studies, which ranged between 1.0–7.6% [25–28]. The percentage in
this study was within this range. However, the job sector of participants in this study was skewed.
The percentage of workers who belonged to the tertiary industry sector was high (83%), and there were
no workers from the primary industry sector. Therefore, we should exercise caution when applying
our results more generally.

There were some limitations with regard to the interpretation of these results. First, although
most of the participants visited a dental clinic during the study period, the type of dental health
instruction they received was not confirmed. The intensity of instruction may have affected the results.
Second, the follow up rate was not high (approximately 60.7%). As >20% loss would pose a serious
threat [29], the high percentage of loss to follow-up may have affected our results. In the intervention
group, the ratios of work performance, oral status, and oral health behavior were not significantly
different between the analyzed and non-analyzed workers (188 vs. 85 workers, chi-squared test and
non-paired t-test, p > 0.05). However, in the control group, the percentage of those using interdental
brushes/dental floss was significantly different (183 vs. 90 workers, chi-squared test, p = 0.034).
In the control group, use of interdental brushes or dental floss might have been improved because
more workers who did not use these were not analyzed. Other limitations include the short-term
scale of the study period and the fact that this was not a randomized trial.

5. Conclusions

In conclusion, oral health-related behavioral modification intervention improved oral health
behavior, but not work performance in Japanese workers.
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Abstract: Background: People on long-term sick leave often have a long-lasting process back to work,
where the individuals may be in multiple and recurrent states; i.e., receiving different social security
benefits or working, and over time they may shift between these states. The purpose of this study
was to evaluate the effects of two vocational rehabilitation programs, compared to a control, on
return-to-work (RTW) or increased employability in patients on long-term sick leave due to mental
illness and/or chronic pain. Methods: In this randomized controlled study, 427 women and men
were allocated to either (1) multidisciplinary team management, i.e., multidisciplinary assessments
and individual rehabilitation management, (2) acceptance and commitment therapy (ACT), or (3)
control. A positive outcome was defined as RTW or increased employability. The outcome was
considered negative if the (part-time) wage was reduced or ceased, or if there was an indication of
decreased employability. The outcome was measured one year after entry in the project and analyzed
using binary and multinomial logistic regressions. Results: Participants in the multidisciplinary team
group reported having RTW odds ratio (OR) 3.31 (95% CI 1.39–7.87) compared to the control group
in adjusted models. Participants in the ACT group reported having increased employability OR
3.22 (95% CI 1.13–9.15) compared to the control group in adjusted models. Conclusions: This study
of vocational rehabilitation in mainly female patients on long-term sick leave due to mental illness
and/or chronic pain suggests that multidisciplinary team assessments and individually adapted
rehabilitation interventions increased RTW and employability. Solely receiving the ACT intervention
also increased employability.

Keywords: return-to-work; vocational rehabilitation; multidisciplinary rehabilitation; chronic pain;
mental illness; sick leave

1. Introduction

Common mental illness and chronic pain are the two most frequent reasons for long-term sick
leave in many countries, including Sweden [1,2]. In addition to the individual suffering related
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to mental illness and chronic pain, there is a major public/societal burden related to productivity
losses [3]. In 2008/2009, the social insurance system in Sweden was reformed and maximum time
sick-leave reimbursements were introduced; people on sick leave were transferred to the Swedish
Public Employment Service (SPES) to have their work ability assessed [4]. During 2010–2012,
about 40,000 people reached the maximum time for sick-leave compensation, and were among the first
to have their work ability assessed by SPES, and thus be available for work in the labor market.

People on long-term sick leave often have a long-lasting process back to work [5], where the
individuals may be in multiple and recurrent states; i.e., receiving different social security benefits or
working, and over time they may shift between these states. This includes shifts between different
social security benefits, programs, and part-time and full-time work [5]. Even if individuals do not
necessarily move directly to return-to-work (RTW), they might come closer to, or further apart from,
the labor market. Longer periods of sick leave are also known as a risk factor for not RTW [6,7].
Other factors that are associated with less RTW are female gender, age, pain, disability, depression,
high work demands, previous sick leave, unemployment, and activity limitations [8].

Several strategies have been proposed to prevent work absence and facilitate RTW, and these
interventions can be broadly classified as unimodal (for example individual psychotherapy),
multimodal programs (team-based assessments and synchronized treatment by several health
professionals), and interventions that target a structural level [9]. A recent systematic review of
workplace interventions for RTW for musculoskeletal, pain-related, and mental health conditions
concluded that there is strong evidence that multimodal intervention encompassing at least two
of the three domains shortens duration away from work [10]. The current intervention project,
which was carried out between 2010–2012, targeted people on long-term sick leave and at risk of
losing their reimbursement from social insurance. Previous studies have foremost targeted people
having short-term or medium-term sickness absence [10]. It is still not fully explored how people
on very long-term sick leave RTW after experiencing mental illness or chronic pain. The aim of the
study was to investigate the effects on RTW or changes in employability for people on long-term
sick leave. The objective was to analyze the effects of two vocational rehabilitation interventions: a
multidisciplinary team assessment and individualized treatment and/or unimodal psychotherapy
with ACT intervention in patients on sick leave due to common mental disorders or chronic pain. To
study an empirically relevant intervention outcome that reflects a stepwise rehabilitation perspective,
individuals shifting between sources of income was used as an indicator of increased or decreased
employability and RTW.

2. Materials and Methods

This study was conducted as a randomized controlled trial (RCT) and was implemented in two
phases. In the first phase, only female participants were allocated to the multidisciplinary treatment
(MDT) intervention group, the acceptance and commitment therapy (ACT) intervention group, or
to the control group. In the second phase, both women and men participants were allocated either
to the MDT group or the control group. The study sample from phase 1 has being used in previous
studies [11,12]. The present study evaluates pooled data from both phases.

2.1. Subsection

Participants eligible for the study were women and men (men only in phase 2) on long-term
sick leave or a temporary disability pension due to a mental illness and/or pain-related diagnosis
in Uppsala County, Sweden. Mental illnesses included F-diagnoses (with the exceptions of the
exclusion criteria diagnosis), and pain diagnoses included M-diagnoses and R-diagnoses defined in the
International Statistical Classification of Diseases and Related Health Problems 10th revision (ICD-10).
The office of the Swedish Social Insurance Agency (SSIA) identified 1331 individuals on sick leave,
with these problems expected to reach their maximum time of sick leave between 2010–2012. After
first inclusion, the individuals’ sickness certificates were screened by a physician and an occupational
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therapist or psychologist to determine fulfilment of the inclusion criteria, and to ensure that they
did not fulfil the exclusion criteria. The inclusion criteria were: (1) on sick leave for mental illness
and/or chronic pain; (2) aged between 20–64 years. The exclusion criteria were: (1) at high risk
for suicide; (2) ongoing alcohol/substance abuse; (3) major mental illness (schizophrenia, bipolar
disorder type I, severe social dysfunction/personality disorder); (4) participation in psychotherapy or
another vocational rehabilitation program. The SSIA initially identified 1331 people as eligible for the
project; after screening, 418 were excluded from the project due to not meeting the inclusion criteria
or meeting the exclusion criteria. The remaining 913 individuals were then contacted by mail with
information about the project and invited to participate. Out of these, 473 did not respond or declined
to participate. A further 13 people were excluded from the research part of the study (but received care
in accordance with their allocation) due to being contacted before the formal approval by the ethics
committee. The remaining 427 gave their consent to participate, and were randomized by the SSIA into
the multidisciplinary team group (n = 178), ACT group (n = 102), or control group (n = 147). Out of
these, 282 participants answered the outcome measure (see Figure 1). The inclusion, randomization,
and allocation were performed consecutively during the project, about three to four months ahead of
the date to match when participants were expected to transition to the SPES. Initially, the participants
had an equal chance of being allocated into either the MDT, ACT, or control groups. In phase 2 of
the study, two-thirds were randomized to the MDT group and one-third was allocated to the control
group. The second phase also included men; the reason for also including men was an increased need
among men for this type of intervention.

Figure 1. Flow chart of inclusion and follow-up procedure.

2.2. Interventions

The interventions started one to three months ahead of each participant’s expected transfer
to the SPES. Patients randomized to the MDT group met individually with professionals from a
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multidisciplinary team, including a psychologist (PS), a physician (MD), an occupational therapist
(OT), and a social worker (SW). The health professional assessed the participant’s strengths and
limitations for RTW from each perspective. The team then met without the participant to establish
an individualized rehabilitation plan, which was later brought back to the participant by one of the
team members. The participants had the choice of accepting all, none, or parts of the rehabilitation
plan’s suggestions and interventions. The plan could involve further examinations, assessments,
meetings, or psychotherapy (which then was delivered by the PS) for up to a period of one year.
The team met weekly during the project period to evaluate the situation and synchronize the planned
or ongoing activities for each participant. Participants allocated to the ACT group received solely ACT
treatment. ACT is psychological therapy that uses cognitive behavioral therapy (CBT) and acceptance
and mindfulness strategies, together with behavioral strategies, to increase function and quality of life
rather than decreasing symptoms to increase psychological flexibility, which has shown to be of value
for a number of long-lasting conditions [13]. Most psychotherapy sessions and meetings, for both the
multidisciplinary team and ACT group, took place at the clinic, but there was also a possibility of
conducting meetings at the participant’s home, work, or elsewhere. Sessions were typically about an
hour long.

In the second phase of the project, the possibility of being randomized to sole ACT treatment
(ACT group) was omitted. The reason was that during phase 1, it turned out that some participants
randomized to the ACT group were not interested in receiving ACT, but were interested in receiving
other types of treatments. Participants randomized to the MDT group (in both phases) had the option
of receiving ACT if suggested by the psychologist after assessment. In addition to the treatments,
all of the participants also had scheduled collaboration meetings with their administrator at the
SPES, the SSIA, and their contact person within the project. These meetings aimed to ascertain the
rehabilitation plan and its goal for the individual as well as for the participating organizations.

The control group did not receive any intervention organized within the intervention project,
but was free to receive the usual assistance and care provided by their regular contact with the SSIA,
SPES, and potential contacts with healthcare providers. The control group responded to the same
follow-up questionnaires as the intervention groups.

2.3. Questionnaires and Outcome Measures

Data collected before the intervention included demographics, such as the respondent’s gender,
age, and educational level (categorized as compulsory school, secondary school or equivalent, or
university). Factors related to mental health were assessed using the Hospital Anxiety and Depression
Scale (HADS) [14]. The HADS is a 14-item scale; seven of the items relate to anxiety, and seven relate
to depression. The General Self-Efficacy scale (GSE) was used to measure the participants’ perceived
self-efficacy [15]. The GSE consists of 10 statements and is answered on a four-point Likert scale
ranging from 1 = “Not at all true” to 4 = “Completely true”. The items were summed to give a total
score of 10 to 40. A mean value was calculated as the sum of all of the answers divided by the number
of statements, as long as no more than three statements were missing [16]. The current version of the
GSE has been translated into Swedish and has been validated [17]. There is no definite cut-off score
for the self-efficacy scale. In this study, the mean value (2.3) of self-efficacy was used to categorize
participants with lower (<2.3) versus higher (≥2.3) self-efficacy. The work-related predictor variables
that were used in this study included employment contract status (unemployed or employed), extent of
sick leave (full-time or part-time), and years with income replacement, which were collected through
SSIA registry data.

To measure intervention outcomes, the participants responded to a mailed follow-up
questionnaire 12 months from randomization (see Figure 1).

This study’s primary outcome uses self-reported sources of income at baseline and follow-up at
12 months to create an outcome variable with four exclusive categories that were believed to capture
both changes in RTW as well as changes in employability. Outcome was measured by using the
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following question: “How do you provide for yourself?” Participants indicated answers in percentages
of income from various sources currently and a year earlier. Income sources included: wages (through
employment or own business); sickness compensation from the SSIA; and compensation through
the SPES. The answers were then compared. If a person reported having increased their proportion
of wage due to more work as source of income at 12 months, then they were categorized as “RTW”
(having returned-to-work in full or to some degree). A person was categorized as having an “increased
employability” if the compensation change indicated increased availability for work, such as increased
compensation from the SPES instead of sick leave compensation from the SSIA, as an indication that
the person was (more) eligible for work in the labor market. Outcome was considered “negative” if
the (part-time) wage was reduced or stopped, or if there was an indication of decreased employability
(increased compensation from the SSIA without increased wage). An unchanged outcome was defined
as having no changes in wage, employability, or sickness benefits. The outcome variable was further
dichotomized for the binary logistic regression analysis into those having a positive (having RTW or
increased employability) or negative (having negative or unchanged outcome) outcome.

2.4. Analyses

Differences in outcome between the two intervention groups and the control group were
investigated using Chi-square tests. The intervention’s effects were analyzed using binary and
multinomial logistic regression models. In randomized controlled trials, confounders are believed
to be equally distributed between compared groups. However, it might be of interest to investigate
the associations among different factors to the outcome. It might be of further interest to adjust
for confounders that are potentially associated with the attrition. To adjust for potential predictors
and confounders and other variables that may be associated with the outcome, a stepwise approach
was performed using sets of variables. In model 1, the intervention group was adjusted for age and
education level. In model 2, additional adjustments were made for HADS, self-efficacy, employment
contract, extent of sick leave, and years with income replacement.

Multinomial logistic regressions were used comparing a negative outcome, increased
employability, and RTW to those with no changes as a reference category. Multinomial logistic
regressions were also performed and adjusted for potential confounders. A complete case analysis
was performed in which respondents answered the outcome measure; also, due to a large number of
missing values in the outcome variable (34.0%), a sensitivity analysis was performed, in which missing
participants were assumed to have made no change in outcome (reference category). All of the tests
were two-sided, and a level of p < 0.05 was considered statistically significant. The statistical analyses
were performed using SPSS statistics (IBM Corp, Armonk, NY, USA), version 22.0.

2.5. Ethical Considerations and Trial Registration

All of the participants provided written informed consent for the study. The first phase of the
study was approved by the Regional Ethical Review Board of Uppsala in 2010 (Reg. no. 2010/088)
and the extension (second phase) of the project was approved in 2011 (Reg. no. 2010/088/1). In the
reporting of the results of this trial, we have tried to follow the Consolidated Standards of Reporting
Trials (CONSORT) checklist as far as possible. The study was registered at the Clinicaltrials.gov
Register Platform (ID NCT03343457) on 15 November 2017 (retrospectively registered).

3. Results

The average age of the study group was 48.9 years (SD 8.3). The study group consisted of 94.7%
women and 5.3% men. Secondary school was the most common completed education level. Most of
the participants (68.1%) had an employer, and the average time on sick leave was 7.7 years (SD 3.2).
About half of the participants were on full-time sick leave, and half were on part-time sick leave.

One-third of the participants were on sick leave for psychiatric disorders, about one-third were
on sick leave for pain-related conditions, and about one-third were on sick leave for a combination of
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psychiatric and pain-related disorders. Common pain-related problems were fibromyalgia and pain
in the back, neck, or joints. Common mental disorders were depression (current and recurrent) and
stress-related and anxiety disorders.

Participants in the multidisciplinary team group attended on average 4.4 (SD 5.4) sessions
delivered by the MD, OT, PT and SW, and 4.7 (SD 6.4) sessions with a psychologist who provided ACT,
for a total average of 9.1 (SD 8.4) sessions. Participants in the ACT group attended on average 8.0 (SD
6.0) sessions with a psychologist providing ACT, as shown in Table 1. Of the complete cases in this
study, 66% of the participants in the MDT group received at least one meeting with a psychologist
providing ACT as one part of their individual plan.

Table 1. Characteristics of study participants.

Variable Group/Measure MDT Group ACT Group Control Group Total

Sex
Female 90.4 100.0 93.9 93.9
Male 9.6 0.0 6.1 6.1

Age, years Mean (SD) 49.9 (8.5) 47.8 (7.8) 48.0 (8.3) 48.7 (8.3)

Education
Compulsory school 22.2 14.7 21.1 20.1

Secondary school or equal 48.9 44.0 46.5 46.9
University 28.9 41.3 32.5 33.0

HADS a Anxiety, mean (SD) 10.9 (5.0) 10.1 (4.9) 11.1 (5.3) 10.8 (5.1)
Depression, mean (SD) 9.5 (4.7) 8.5 (4.2) 9.1 (5.1) 9.1 (4.7)

SE b SE, mean 2.3 (0.7) 2.4 (0.7) 2.3 (0.7) 2.3 (0.7)

Employment
contract

Employed 66.3 57.8 61.9 62.8
Not employed 33.7 42.2 38.1 37.2

Extent of sick leave
Full-time 55.7 53.9 55.2 55.1
Part-time 44.3 46.1 44.8 44.9

Years with income
replacement Mean (SD) 8.1 (3.3) 7.6 (3.1) 7.5 (3.2) 7.8 (3.2)

Dosage of
intervention

Sessions with psychologist,
mean (SD) 4.7 (6.4) 8.0 (6.0) 0.0 (0.0) 3.9 (5.9)

Sessions with MD c. OT d. PT
e and SW f, mean (SD)

4.4 (5.4) 0.0 (0.0) 0.0 (0.0) 1.8 (4.1)

Total sessions in the project,
mean (SD) 9.1 (8.4) 8.0 (6.0) 0.0 (0.0) 5.7 (7.4)

Figures as percentages if not stated otherwise. a Hospital Anxiety and Depression Scale, b Self-efficacy, c Physician,
d Occupational therapist, e Physical therapist, f Social worker. ACT: acceptance and commitment therapy.

3.1. Return-to-Work, Increased Employability, Negative Outcome, or No Change

At the 12-month follow-up, 64 participants (22.7%) had RTW, 69 participants (24.5%) had increased
employability, 28 participants (9.9%) had a negative outcome, and 121 participants (42.9%) had not changed
in any direction. Among participants in the multidisciplinary team, 31.1% had RTW, 27.0% had increased
employability, and 4.3% had a negative outcome. Among participants in the ACT group, 17.9% had RTW,
35.8% had increased employability, and 9.0% had a negative outcome, as shown in Table 2.

Table 2. Return to work, increased employability, negative, or unchanged outcome according to
different groups.

Outcome MDT Group ACT Group Control Group Overall

RTW (%) 31.3 ** 17.9 ** 16.0 ** 22.7
Increased employability (%) 27.0 ** 35.8 ** 14.0 ** 24.5

Negative outcome (%) 4.3 ** 9.0 ** 17.0 ** 9.9
No change (%) 37.4 ** 37.3 ** 53.0 ** 42.9

Pearson Chi-Square test was used for proportions. ** p ≤ 0.01. RTW: return-to-work.
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3.2. Logistic Regression Models

The adjusted binary logistic regression analysis showed that the MDT group had an OR of 4.62
(95% CI 2.27–9.41) for RTW or increased employability. The corresponding number for the ACT group
was OR 2.35 (95% CI 1.07–5.19), as shown in Table 3.

Table 3. Binary logistic regressions presenting odds ratios (OR) of reporting return to work or increased
employability vs. negative or unchanged outcomes.

Variable Group/Measure
Crude OR
(95% CI)

Model 1
OR (95% CI)

Model 2
OR (95% CI)

Intervention group

Group
Control (ref.) 1 1 1

MDTa group 3.26 **
(1.85–5.74)

4.22 **
(2.18–8.15)

4.62 **
(2.27–9.41)

ACTb group
2.71 **

(1.42–5.16)
2.42 *

(1.17–4.97)
2.35 *

(1.07–5.19)

Demographic

Age 0.96 *
(0.94–0.99)

0.96 *
(0.92 - 0.99)

0.96 *
(0.93–1.00)

Education level
Compulsory school 1 1 1

Secondary school-equal 1.87
(0.91–3.82)

1.60
(0.74–3.46)

1.98
(0.85–4.58)

University 1.24
(0.58–2.66)

1.23
(0.55–2.77)

1.28
(0.53–3.11)

Health and work
related factors

HADSc, Anxiety 0.99
(0.94–1.04)

1.05
(0.96–1.14)

HADSc

Depression
0.97

(0.92–1.02)
0.97

(0.89–1.06)
Self-efficacy (<2.30) 1 1

Self-efficacy (≥2.30) 1.76 *
(1.07–2.89)

2.75 **
(1.33–5.72)

Employment contract
Not employed 1 1

Employed 0.70
(0.42–1.15)

0.78
(0.38–1.61)

Extent of sick leave
Full time 1 1

Part time 0.67
(0.42–1.07)

0.56
(0.29–1.10)

Years with income replacement 0.97
(0.90–1.05)

0.97
(0.88- 1.06)

Nagelkerke r2 14.0% 24.1%

Odds ratio (OR), 95% CI: 95% confidence interval. * p < 0.05, ** p < 0.01. aMultidisciplinary treatment. bAcceptance
and Commitment Therapy. cHospital Anxiety and Depression Scale, ranging from 0 to 21. Model 1 = Intervention
group + age + education level, Model 2 = Model 1 + HADS + Self-efficacy + Employment contract + Extent of sick
leave + Years with income replacement.

3.3. Multinomial Regression Models

The adjusted multinomial logistic regression analysis showed that the multidisciplinary team
group had an odds ratio (OR) of 3.31 (95% CI 1.39–7.87) for RTW, an OR of 4.24 (95% CI 1.60–11.26)
for increased employability, and an OR of 0.19 (95% CI 0.05–0.72) on negative outcome. The adjusted
multinomial logistic regression analysis showed that the ACT intervention group had an OR of 3.22
(95% CI 1.13–9.15) on increased employability, but no significant effect on RTW. See Table 4.

Due to a large number of internal missing values in the outcome measure (34.0%), a multinomial
logistic regression analysis was also performed, in which non-responding participants were assumed
to have made no change (reference category) in outcome. Similar results, despite somewhat lowered
effects, showed that the multidisciplinary team group had an adjusted OR of 2.57 (95% CI 1.19–5.58)
on RTW; an adjusted OR of 2.80 (95% CI 1.20–6.52) on increased employability; and an adjusted OR of
0.18 (95% CI 0.05–0.62) on negative outcome. The ACT intervention group had an adjusted OR of 2.79
(95% CI 1.12–6.97) on increased employability.
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Table 4. Results of multinomial logistic regression of intervention group’s effect on negative outcome,
return to work, or increased employability.

Variable

Return to Work or Change in System Position

Negative Outcome Increased Employability Return to Work

Crude
OR (95% CI)

Adjusted
OR (95% CI)

Crude
OR (95% CI)

Adjusted
OR (95% CI)

Crude OR
(95% CI)

Adjusted
OR (95% CI)

Intervention group

Group
Control (ref.) 1 1 1 1 1 1

MDTa group 0.36
(0.12–1.06)

0.19 *
(0.05–0.72)

2.73 **
(1.29–5.77)

4.24 **
(1.60–11.26)

2.77 **
(1.36–5.66)

3.31 **
(1.39–7.87)

ACTb group
0.75

(0.26–2.13)
0.36

(0.10–1.35)
3.63 **

(1.61–8.19)
3.22 *

(1.13–9.15)
1.56

(0.66–3.86)
1.36

(0.48–3.86)

Demographic

Age 0.99
(0.94–1.04)

0.94
(0.88–1.01)

0.95 **
(0.92–0.99)

0.94 *
(0.90–0.99)

0.97
(0.93–1.01)

0.96
(0.92–1.01)

Education level
Compulsory school 1 1 1 1 1 1

Secondary school or equal 1.41
(0.40–4.91)

0.76
(0.16–3.57)

3.78 *
(1.31–10.92)

4.52 *
(1.29–15.87)

1.16
(0.49–2.77)

1.08
(0.40–2.89)

University 1.44
(0.40–5.22)

0.61
(0.13–2.98)

1.79
(0.57–5.64)

2.24
(0.58–8.71)

1.10
(0.45–2.74)

0.85
(0.30–2.39)

Health and
work-related factors

HADSc, Anxiety 0.93
(0.85–1.01)

0.92
(0.80–1.06)

0.99
(0.93–1.06)

1.02
(0.92–1.14)

0.96
(0.90–1.02)

1.05
(0.94–1.16)

HADSc, Depression 0.93
(0.85–1.02)

1.14
(0.96–1.35)

0.96
(0.90–1.02)

0.98
(0.87–1.10)

0.96
(0.89–1.02)

1.01
(0.90–1.13)

Self-efficacy (<2.30) 1 1 1 1 1 1

Self-efficacy (≥2.30) 1.99
(0.84–4.73)

1.81
(0.52–6.34)

1.74
(0.93–3.25)

2.71*
(1.07–6.91)

2.35 *
(1.22–4.50)

3.31 **
(1.34–8.15)

Employment contract
Not employed 1 1 1 1 1 1

Have work 3.96 *
(1.13–13.93)

1.66
(0.32–8.70

0.52 *
(0.28–0.95)

0.64
(0.27–1.54)

1.55
(0.78–3.11)

1.09
(0.44–2.71)

Extent of sick leave
Full time 1 1 1 1 1 1

Part time 15.65 **
(3.55–68.94)

34.57 **
(3.84–311.31)

0.56
(0.30–1.05)

0.44
(0.17–1.02)

1.65
(0.89–3.05)

1.42
(0.62–3.21)

Years, with income
replacement

1.07
(0.94–1.22)

1.07
(0.89–1.29)

0.99
(0.90–1.09)

0.99
(0.89–1.12)

0.98
(0.89–1.07)

0.96
(0.85–1.07)

Reference outcome category: No change. For the adjusted model, Nagelkerke r2 = 37.8%. * p < 0.05, ** p < 0.01.
aMultidisciplinary treatment. bAcceptance and Commitment Therapy. cHospital Anxiety and Depression Scale,
ranging from 0 to 21. Odds ratio (OR), significant level and confidence interval (CI) for having made RTW or
(positive) system position change or negative change.

4. Discussion

This study aimed to investigate the effects on RTW and increased employability of two vocational
rehabilitation interventions in patients on long-term sick leave due to mental illness and/or chronic
pain. In this study, a non-dichotomous outcome was used to capture not only RTW, but also changes
in increased or decreased employability. The results indicate that multidisciplinary interventions and
individualized treatments may increase RTW and employability in patients on long-term sick leave due
to common mental illness and/or chronic pain. The results in this study are similar to results presented
in other studies regarding RTW [18–23]. Also, in review studies, this type of multi-domain intervention
seems to be the most effective intervention for RTW outcome when managing musculoskeletal
and pain-related conditions [10]. The results also suggest that multidisciplinary team and ACT
interventions may increase employability, i.e., transferring individuals in the insurance system to
increased availability for employment and work.

One reason for removing the separate ACT group in the second phase of the project was that the
intervention providers discovered that some people who were randomized to ACT were not keen on
receiving psychological therapy [24]; this might also explain the somewhat weaker outcome of the
ACT group.

At the time when the study was conducted, the participants were about to lose their sickness
insurance benefits due to a major change in the social insurance system. These circumstances may
have led to the inclusion of participants who would not otherwise have been motivated to participate
in vocational rehabilitation, thus creating a study population with relatively low motivation and
belief in their own ability to RTW. Since longer periods of sick leave and absence from the labor
market are known risk factors for RTW failure [6,7], this project was believed to target a difficult
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group. Taking all of the factors into account, including the interventions, the multinomial regression
explained 37.8% (r2) of the outcome, which leaves a 62.2% unexplained variance that is dependent
on factors that were not assessed in the model. This indicates that there are other factors outside
the intervention program that affect the outcomes. For instance, this study did not include any
work-directed modifications or interventions, which is seen as a factor to increase the chances of RTW
goals [25]. The causal chain between sick leave, mental illness, and chronic pain is not fully explored.
Sick leave is warranted by an inability to work, but sick leave may in itself also contribute to depression,
unhealthy living, and stress [26]. Previous research has identified several important factors for RTW [8].
Current demands in the labor market are important for re-entry to the workforce, including factors on
a systemic/organizational level [27]. Many of these factors are not affected by health and rehabilitation
interventions such as this project. Instead, several of these factors are found “upstream” in the analogy
of a “river”, which is used to describe how previous social, financial, environmental, and historic
factors ultimately go on to profoundly influence present outcomes [28]. In the present study, this
implies that even if a participant in the project reduces their ill health and increases employability,
these results might not be captured in a sole RTW outcome; thus, RTW is (also) dependent on upstream
factors that are determined outside the reach of the project. Especially when considering the long-term
sick leave period among the project participants (on average 7.7 years), it is reasonable to assume
that the labor market has changed in several aspects during their absence, such as work content and
demands etc. Therefore, an outcome measure was constructed that also captures changes in different
transition stages made by program participants, such as increased employability. This does not apply
to all of the participants; several had part-time jobs.

In Sweden, as well as in many other countries, concern and efforts provided by society for people
on sick leave are regulated by different laws and principals and divided among different authorities.
There have been doubts about whether a multi-actor model is optimal, and limitations have been
found in the system. This project included several authorities and professions with one collaborative
goal: to support the participants in their vocational rehabilitation and increase their likelihood for RTW.
This project was also a collaborative challenge, as different professions in the MDT worked closely
with one goal. It should be noted that the MDT and ACT groups received about the same total number
of sessions in the project. The ACT group only received sessions with an ACT psychologist; the MDT
group received on average about half of the sessions from an ACT psychologist and half from the
other professions.

The major findings in this study imply that a multidisciplinary team-based intervention directed
at people on long-term sick leave, including ACT counseling, seems to help people, even those on
long-term sick leave, to RTW. The findings add to the evidence that multidisciplinary interventions
such as vocational rehabilitation may increase RTW among patients with mental illness and/or chronic
pain [29].

There is a need to further investigate multidisciplinary RTW interventions, determine their core
components, and consider combining them with workplace collaboration, including the employer and
interventions in the work environment.

Strengths and Limitations

The strengths of this study include the randomized prospective controlled design and the
experimental design, which suggest that the effects on RTW are in fact effects of the interventions.

This study also has some limitations. Reliable evidence for RTW should be assessed using
information on validated employment and work activity. In this study, the outcome was based on
self-reported data and actual RTW was not measured; instead, a changed proportion of income source
was used as an indicator for changes in working status and employability. However, similar studies
often use proxy variables for measuring RTW [23]. Since the data—both exposures and outcomes—are
self-reported, there is a risk of recall bias. Another limitation of this study is that education level,
HADS, and self-efficacy were measured after randomization, so the scores could have already been
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influenced by the knowledge of intervention group affiliation. The results were not adjusted by type
of disease (mental illness or chronic pain).

Many participants did not show up, dropped out, or did not answer the follow-up questionnaires,
which weakens the assessment of the outcomes. There could be different reasons for the high attrition:
perhaps the participants did not actually want to be part of the project, were too sick to participate,
or felt they had a problem that would not benefit from the project.

Since participants in the treatment groups received individual treatment as well as organizational
collaboration, this raises the question of which of these interventions mediated the effect, if either.
The reason to include organizational collaboration was to set and mutually agree on each individual’s
RTW goal. Another potential problem with this study is that the two types of multidisciplinary team
interventions that were combined were not identical, but they were similar.

5. Conclusions and Practice Implications

This study of vocational rehabilitation in men and women on long-term sick leave due to
mental illness and/or chronic pain showed that multidisciplinary team assessments and individually
adapted rehabilitation interventions increased RTW and employability. Sole ACT intervention
increased employability.

The study implies that it is possible to increase RTW among people on long-term sick leave
due to mental illness and/or chronic pain with a multidisciplinary rehabilitation intervention.
Multidisciplinary team rehabilitation and sole ACT also seem to be useful for increasing employability
and gradually moving people in a stepwise positive direction, through the welfare system,
and eventually toward RTW.
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Abstract: Dust exposure is one of the major risk factors for respiratory health in many workplaces,
including coffee factories. The aim of this study was to assess the prevalence of respiratory symptoms
and lung function reduction among workers in Ethiopian primary coffee processing factories,
compared to a control group of workers. A total of 115 coffee workers and 110 water bottling
workers were involved in this study, from 12 coffee and 3 water bottling factories in Ethiopia,
respectively. The chronic respiratory symptoms were assessed using a structured interview, using a
standardized questionnaire adopted from the American Thoracic Society (ATS). The lung function
tests were performed according to the ATS recommendation for spirometry. The coffee workers had
a significantly higher prevalence of coughing, coughing with sputum, breathlessness, work-related
shortness of breath, and wheezing compared with the controls. The prevalence ratio of work-related
shortness of breath (PR = 3.7, 95% CI: 1.6–8.7) and wheezing (PR = 3.3, 95% CI: 1.3–8.4) was
significantly higher for the coffee workers compared to the controls. The coffee workers in the
age groups 28–39 years and ≥40 years, had a significantly lower forced vital capacity and forced
expiratory volume in 1 s compared to the controls in the similar age groups. The findings indicated
the need for longitudinal studies on the possible effect of coffee dust on respiratory health of coffee
production workers.

Keywords: coffee workers; dust exposure; Ethiopia; lung function; respiratory symptoms

1. Introduction

Several studies have indicated an association between working in coffee factories and respiratory
health problems. Allergies have been suggested to be related to the problems [1–7]. A few older studies
conducted in primary coffee processing factories have indicated that exposure to coffee dust is likely
to cause acute and chronic respiratory symptoms in these factories as well [8–11].

Recently, studies were conducted in primary coffee processing factories in Tanzania.
These demonstrated a higher prevalence of chronic respiratory symptoms in coffee workers than among
the controls [11,12]. The primary coffee processing factories are factories that perform mechanical
cleaning of the debris from the coffee-making process, such as the hulling, grading, hand picking,
and packing of green coffee beans. The lung function parameters were not different between the
coffee workers and the controls [12]. The Robusta coffee workers had higher prevalence of asthma
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symptoms than Arabica coffee workers [12]. The findings related to lung function were not clear,
and more studies are needed for conclusive information regarding the respiratory health of coffee
workers. Ethiopia produces exclusively Arabica coffee. The respiratory health impact of working with
these coffee beans has not yet been explored. In addition, the coffee pre-processing methods used on
the farms in Ethiopia is different from the ones used in Tanzania. Moreover, a recent study conducted
in the coffee factories of Ethiopia found much higher levels of personal dust exposure compared with
the levels measured in the Tanzanian factories [13].

In Ethiopia, more than 50% of foreign income comes from coffee, with an estimated 15 million
people relying on coffee production for their livelihood [14]. Understanding the level of respiratory
problems in Ethiopian coffee processing factories can generate information that could aid policy
makers and other relevant stakeholders to develop any necessary preventive and control methods.

Studying respiratory disease is difficult in these types of factories, as a healthy worker effect may
occur. This means that workers developing an illness may stop working, and may therefore not be
found at the work sites. Cohort studies are difficult to perform, as the methods for tracing persons
over longer periods is challenging. Case-control studies are also difficult to perform in Ethiopia, as the
population does not have easy access to hospitals, and are treated at a large number of small health
units. Therefore, a comparative cross-sectional study design was chosen, where the coffee factory
workers were compared to a control group.

The aim of this study was to assess the prevalence of respiratory symptoms and to study the lung
function among workers in the primary coffee processing factories of Ethiopia, and to compare these
findings with a control group of water bottling workers. The methodology can detect early signs of
respiratory diseases and is therefore useful in a company setting of relatively healthy workers.

2. Materials and Methods

2.1. Study Site and Period

There are about 746 primary coffee processing factories in Ethiopia. Almost all are found in three
regions, Oromia; Addis Ababa; and Southern Nations, Nationalities and Peoples’ Region (SNNPR).
We did a power calculation before beginning the study in order to estimate the required number of
workers. Taking into consideration the available resources, we selected 12 primary coffee processing
factories for inclusion in this study. The 12 primary coffee processing factories were divided equally
among the three regions (i.e., four factories from each of the three regions), and the factories were
selected randomly. The study was conducted from May to October 2016.

2.2. Control Group

The workers from three water bottling factories, one from each of the three study areas,
were selected as the control group. Water bottling factories were chosen as their workers experience
less dust exposure at work. Water bottling workers’ tasks are loading bottled water to the trucks.
There are about 38 water bottling factories in Ethiopia.

2.3. Dust Exposure Levels

The personal total dust was sampled in the workers’ breathing zone using 25-mm three pieces,
conductive cassettes with a cellulose acetate filter attached to a Side Kick Casella (SKC) pump with
a flow rate of 2 l min−1 [15] Altogether, 360 full-shift exposure measurements were conducted on
randomly chosen days of the week, and repeated sampling was conducted the next day. The sampling
process is described in a previous paper [13]. A total of 60 full-shift personal exposure measurements
were conducted in the water bottling factories. The arithmetic mean (range) of the personal total
dust exposure was 17.36 mg/m3 (1.12–81.61 mg/m3) and 0.33 mg/m3 (0.11–1.16 mg/m3) for the
coffee workers and controls, respectively. The personal total dust exposure levels among the coffee
workers were significantly higher than among the control workers with geometric means (GM) of
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12.30 and 0.30 mg/m3, respectively. The dust samples were analyzed gravimetrically using a standard
microbalance scale AT261 Mettler Toledo with a detection limit of 0.01 mg/m3, in the accredited
laboratory SINTEF MOLAB in Norway.

2.4. Study Population and Sample Size

The sample size for this study was calculated using a double population formula considering
that the prevalence of wheezing among the primary coffee workers in Tanzania was 16% and 4.3%
among the controls [12]. An 80% power was set to detect a difference in the wheezing between
the two groups at significance level of 0.05. After considering 15% for non-response, a total of 240
participants (i.e., 120 from coffee factories and 120 from water bottling) were selected by systematic
random sampling method, using the workers’ registration list as a sampling frame. All of the
participants were male. In the coffee factories, only workers directly related to coffee processing
were involved in this study. Office workers and guards were not included in this study.

2.5. Data Collection

2.5.1. Chronic Respiratory Symptoms Interview

The chronic respiratory symptoms among participants were assessed with an interview, using
a standardized questionnaire from the American Thoracic Society (ATS) [16]. This questionnaire
was chosen because it has been used in previous occupational studies of respiratory health in
East-Africa [12], making comparisons possible. The questionnaire was translated from English to
Amharic and Afan Oromo languages, and translated back to English. A pre-test was conducted prior to
the actual data collection for the validation of the data collection tool. Questions that were not easy for
the participants to understand were rephrased to make them more easily understood. The interviews
were conducted in an office located at their workplaces in absence of other people, in order to help the
interviewee speak freely. The interviews lasted between 25 and 40 min per respondent.

The data were collected by the principal investigator together with an experienced research
assistant. The questionnaire included socio-demographic data (age, height, weight, and Body Mass
Index (BMI)), occupational history (years of work experience in the present and other dusty factories),
past respiratory diseases (pneumonia, tuberculosis, bronchitis, asthma, and chest injury), and smoking
habits (current smoker, ex-smoker, and never smoker). The questionnaire also included questions
about the use of respiratory protective devices while working (yes/no), and the reason for not using
respiratory protective devices (RPD). We asked the workers about this information to see how many
of the workers use of RPD. The use of RPD during work might reduce respiratory health problems.
The questionnaire also included questions about chronic respiratory symptoms—coughing, coughing
with sputum, breathlessness, work related shortness of breath, wheezing, and chronic bronchitis.

2.5.2. Lung Function Test

Lung function tests were performed for a total of 225 participants (i.e., 115 coffee workers and
110 control workers), according to the ATS [17] recommendation for spirometry. A portable spirometer
(SPIRARE 3 sensor model SPS 320) was used to measure the lung function. The standing height
and weight of the participants was measured using standard weight and height measure. The test
was performed during the day shift between 08:00 and 16:00, with the workers in a sitting position.
Three acceptable maneuvers with consistent (“repeatable”) results were retained and the best of
all of these was recorded. Only the absolute values for the lung function are given in the results,
as there are currently no reference equations for the Ethiopia population for obtaining predicted
values. The lung function parameters included were FVC and FEV1, as well as the percentage ratio of
FEV1/FVC. The participants with FEV1/FVC < 0.70 were considered to have airflow limitations [18].
FEV1 is the maximal volume of air exhaled in the first second of a forced expiration from a position
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of full inspiration. FVC is the maximal volume of air exhaled with maximally forced effort from a
maximal inspiration.

Eleven spirometer results among coffee workers and seven among the controls were excluded
from the analysis because of unacceptable readings.

2.6. Operational Definition of Variables

Current smoker: participants who smoke currently or those who stopped smoking less than one
year ago.

Ex-smoker: participants who had stopped smoking more than one year ago.
Never smoker: participants who had never smoked.
Cough: participants were considered to have coughed if they answered “yes” to at least one of

the following four questions; cough first thing in the morning, cough during the day or night, cough as
much as four to six times a day in a week, or cough for most days for as much as three consecutive
months during the year.

Cough with sputum: participants were considered to have cough with sputum if they answered
“yes” to at least one of the four questions: cough with sputum first thing in the morning, cough with
sputum during the day or night, cough with sputum as much as four to six times a day in a week,
or cough with sputum for most days for as much as three consecutive months during the year.

Breathlessness: participants were considered to have breathlessness if he/she was troubled by
a shortness of breath when hurrying on level ground or walking up a slight hill, or get shortness of
breath when walking at his/her own pace on the level ground.

Work-related shortness of breath participants were considered to have work-related shortness of
breath if he/she usually experience chest tightness while at work or just after work.

Wheezing: participants were considered to have wheezing if his/her chest ever sounded wheezy
(whistling sound).

2.7. Data Management and Analysis

The collected data were checked for completeness and consistencies by the principal investigator
through a close follow up during the data collection period. The data were coded, and no names were
included in the database. The code list as well as the data were kept confidential, and were accessed
only by the research team.

Independent t-tests were used to compare mean values for the continuous variables. The Pearson
chi-square test or Fisher’s exact test, if the expected value was less than 5, were used to test the
difference between the groups regarding the categorical variables. Poisson regression analysis with
a robust variance was used to determine the prevalence ratio of the different respiratory symptoms
between the coffee workers and controls, with a corresponding 95% confidence interval, and the
statistical significance level was set to a p-value less than 0.05. As the prevalence of the chronic
respiratory symptoms was high, we chose the prevalence ratio over the odds ratio, because the odds
ratio overestimated the strength of association [19].

Analysis of covariance (ANCOVA) were used to compare the mean lung function parameters
between the coffee workers and controls when adjusting for height and education level. We adjusted
for education level, because there was a significant difference in the educational level between the
coffee workers and the controls.

2.8. Ethical Approval

The Institutional Review Board of the College of Health Sciences of Addis Ababa University
(Protocol number: 051/15/SPH) and the National Research Ethical Review Committee of the Federal
Ministry of Science and Technology (NRERC-3/10/110/2016) approved the study. Permission to
conduct the study was obtained from the factory managers. Written informed consent was obtained
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from each participant, and participation in the study was voluntary. Participants with lung function
impairments were advised to consult the nearest health center.

3. Results

3.1. Characteristics of the Study Participants

All of the participants were men. A total of 115 coffee workers and 111 controls participated in
the study, making the response rate 94%. The reasons for non-response were that five workers refused
to participate, seven workers were in sick leave, and two had stopped working. The coffee workers
were older and had a lower educational level than the controls (Table 1). No difference was found
between the groups regarding weight, height, BMI, and past respiratory diseases (Table 1).

Table 1. Characteristics of the participants.

Variable
Coffee Workers

(n = 115)
Control
(n = 110)

p-Value

Age (years); AM (range) 35.1 (18.0–75.0) 30.9 (18.0–71.0) 0.008 $

Weight (Kg); AM (range) 59.8 (43.0–88.0) 60.0 (45.0–90.0) 0.9 $

Height (cm); AM (range) 169.3 (148.0–187.0) 169.9 (153.0–183.0) 0.5 $

BMI (Kg/m2); AM (range) 20.8 (15.4–30.5) 20.7 (16.6–29.1) 0.8 $

Duration of employment at present work years AM (range) 6.5 (1.0–30.0) 3.4 (1.0–6.0) 0.001 $

Years worked in other dusty factories AM (range) 0.23 (0.0–12.0) 0.5 (0.0–12.0) 0.2 $

Education

Illiterate; n (%) 14 (12.2) 3 (2.7) 0.007 †

Primary education & above; n (%) 101 (87.8) 107 (97.3) 0.007 †

Smoking habits

Ex smoker; n (%) 4 (3.5) 1 (0.9) 0.37 ±
Current smoker; n (%) 3 (2.6) 4 (3.6) 0.71 ±

Cigarettes smoked per day for current smokers AM (range) 3 (2–4) 2 (1–3) 0.2 $

Cooking

Cooking food at home; n (%) 103 (89.6) 97 (82.2) 0.74 †

Kitchen located inside the living room; n (%) 34 (33) 31 (32) 0.87 †

Use biomass for cooking; n (%) 96 (93.2) 86 (88.7) 0.26 †

Previous Respiratory Disease

Pneumonia; n (%) 7 (6.1) 5 (4.5) 0.61 †

Bronchitis; n (%) 3 (2.6) 1 (0.9) 0.62 ±
Tuberculosis; n (%) 4 (3.5) 2 (1.8) 0.68 ±

Asthma; n (%) 8 (7) 4 (3.6) 0.27 ±
Participants who have had at least one of the respiratory

diseases, n (%) 22 (19.1) 12 (10.9) 0.09 †

AM: arithmetic mean; $ Independent t test between control and coffee workers; † Pearson chi square test; ± Fisher’s
exact test. BMI—body mass index; “n”: Number of study participants.

3.2. Use of Respiratory Protective Device (RPD)

The majority of the 112 (97.4%) coffee workers did not use any type of respiratory protective
devices (RPD). Among the non-users of RPD, 109 (97.3%) of the coffee workers indicated that the reason
for not using RPD was because it was not available or not provided at the work place. Others reported
that the reasons for not using RPD were because it was not comfortable (one worker) (0.9%), and that
the worker experienced that the RPD did not protect from the dust (one worker) (0.9%).

3.3. Chronic Respiratory Symptoms

The prevalence of chronic respiratory symptoms was in the range of 5.2–55% and 2.7–12.7% among
the coffee workers and controls respectively (Table 2). Six of the coffee workers (5.2%), and none
of the controls had chronic bronchitis. The prevalence ratio of all of the respiratory symptoms was
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significantly higher for the coffee workers compared to the controls after adjusting for age, education,
years worked in other dusty factories, and previous respiratory disease (Table 2). As the number of
current smokers were few, the analysis was also performed after excluding the smokers. This did not
change the results substantially.

Table 2. Prevalence of chronic respiratory symptoms among coffee workers and controls.

Variable
Coffee Workers

n = 115
Control
n = 110

Prevalence
Ratio, 95% CI

p-Value

Cough; n (%) 52 (46.4) 8 (7.5) 5.6 (2.9–11.7) <0.001
Cough with sputum; n (%) 26 (23.2) 2 (1.9) 11.4 (2.7–47.8) <0.001

Breathlessness; n (%) 40 (35.7) 12 (11.3) 2.9 (1.6–5.3) <0.001
Work-related shortness of breath; n (%) 22 (19.6) 6 (5.5) 3.7 (1.6–8.7) 0.003

Wheezing; n (%) 20 (17.9) 5 (4.7) 3.3 (1.3–8.4) 0.01

CI, confidence interval while adjusting for age; education, years worked in other dusty factories and previous
respiratory disease; p-value when comparing coffee workers vs. controls; “n”: Number of study participants.

3.4. Lung Function

Table 3 shows the result of lung function stratified age among the coffee workers and controls.
The coffee workers in the age group 28–39 years and ≥40 years, had significantly lower FVC and FEV1

compared with the controls in the similar age category. The FEV1/FVC-ratio was significantly lower
among the coffee workers compared to the controls in the oldest age group (Table 3). The prevalence of
airflow limitation (FEV1/FVC < 0.7) was higher among the coffee workers compared to the controls in
all of the age categories (Table 3). The analyses were also performed again without including education
level in the model, and the results were quite similar (data not shown).

Table 3. Lung function among primary coffee processing factories and control groups stratified by age
(three age groups).

Lung Function Parameters Age Group

No of Participants Absolute Value Mean (SD)

p-Value
Coffee Workers

n = 104
Controls
n = 103

Coffee
Workers

Controls

FVC (l)

18–27 35 57 4.60 (0.43) 4.70 (0.49) 0.35
28–39 35 23 4.08 (0.47) 4.43 (0.46) <0.001
≥40 34 23 3.38 (0.53) 3.67 (0.51) 0.05

All age group 104 103 4.03 (0.69) 4.41 (0.63) <0.001

FEV1 (l)

18–27 35 57 3.74 (0.46) 3.87 (0.39) 0.15
28–39 35 23 3.29 (0.58) 3.63 (0.47) 0.02
≥40 34 23 2.60 (0.50) 3.05 (0.51) <0.001

All age group 104 103 3.22 (0.69) 3.63 (0.54) <0.001

FEV1/FVC

18–27 35 57 0.81 (0.08) 0.83 (0.05) 0.43
28–39 35 23 0.80 (0.09) 0.82 (0.07) 0.48
≥40 34 23 0.77 (0.09) 0.83 (0.06) 0.02

All age group 104 103 0.80 (0.09) 0.83 (0.06) 0.01

FEV1/FVC < 0.7; n (%)
18–27 35 57 3 (8.6) 0 -
28–39 35 23 2 (5.7) 1 (4.3) 1 *
≥40 34 23 9 (26.5) 0 -

Analysis of covariance between coffee worker and controls while adjusting for height and education level. * Fisher
exact test between coffee workers and controls; p-value: significance level; “n”: Number of study participants.

4. Discussion

This study found a significantly higher prevalence of respiratory symptoms and lower lung
function among the coffee workers compared to controls. Our results are consistent with studies
conducted in primary coffee processing factories in Papua New Guinea, Uganda, and Tanzania [8,9,11].
All of these studies show that coffee workers have high prevalence of respiratory health problems.
However, our present study found a higher prevalence of some of the respiratory symptoms compared
with the studies conducted among Arabica coffee workers in Tanzania, where the prevalence of
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breathlessness was 14%, wheezing 13%, and chronic bronchitis 3.1% [12]. One of the reasons
for this difference could be the higher personal total dust exposure in Ethiopian coffee factories
(GM = 12.3 mg/m3) compared with the comparable job groups in Tanzanian primary coffee factories
(GM = 2.1 mg/m3) [20]. The different methods of coffee pre-processing could be another reason;
the Arabica coffee is pre-processed only by a wet-method in the Tanzanian factories, whereas in
Ethiopia, Arabica coffee is pre-processed either by dry or wet method, based on the individual farmers’
interests. In addition, only 3% of the workers used RPD in Ethiopia, compared to 33% in the coffee
workers in Tanzania. The lack of RPD use makes it more likely that the workers actually were exposed
to the dust levels measured in the factories. There may have been other additional factors that were
not identified in the present study that may also have influenced the respiratory health of the workers.

Similarly, the prevalence of a cough with sputum and wheezing in our study was higher than in
the study in Uganda; where the prevalence was 5.2% and 13.5%, respectively [9]. This might be due to
the different types of coffee species between the two countries; the Robusta and Arabic coffee were
processed in Ugandian factories, whereas only Arabica coffee was processed in Ethiopia.

For a cough with sputum, we found a higher prevalence than reported in the study in Papua New
Guinea (8.7%) [8]. This difference might be due to higher dust exposure in the present study compared
with what was measured in Papua New Guinea (0.7–10 mg/m3). In addition, the difference in working
environments, coffee processing methods, and level of awareness among the coffee workers about
the impact of dust exposure on their health might be the reason for the difference in the symptom
prevalence. In addition, there may be differences between these countries regarding the presence
of, for instance, lung infections or sequela after lung infections. Infections may cause respiratory
symptoms and influence lung function. This possibility is not very likely, as the examined workers are
performing hard physical work, but this factor needs to be considered, because of the high prevalence
of tuberculosis as well as HIV in East-African countries [21]. However, it is not likely that this type of
health problem is different among the workers in the two factory types included in our study.

The present study’s results showed that in the two oldest age groups of coffee workers, the FVC
and FEV1 were lower than among the controls, while FEV1/FVC was lower in the oldest age group
of coffee workers than among the controls. In the Tanzanian study, there were no difference in the
FVC and FEV1 between coffee workers and controls [12]. The considerably higher dust exposure in
the Ethiopian study (GM = 12.3 mg/m3) [13] compared to the levels reported for the processing of
Arabica coffee in Tanzania (GM = 2.1 mg/m3) [20] may have contributed to the difference in findings
related to lung function. Also, the study conducted in Papua New Guinea, where the dust levels were
lower than in the present study, did not find significant differences in FVC and FEV1/FVC between
the coffee workers and controls.

Both FEV1 and FVC were reduced among the coffee workers, indicating both obstructive and
restrictive lung effects. However, in the oldest age group, the FEV1/FVC ratio was less than 0.70 for
about 27% of the coffee workers, which indicates the presence of an obstructive lung disease [18]. It is
noteworthy that such a result was found, even though these workers were present at the workplaces
in physically demanding work.

No statistically significant difference was observed in the incidence of past respiratory diseases
between the coffee workers and controls; unfortunately, we have no information about when these
past respiratory diseases occurred. For example, they could have been before starting work in coffee
factories or after starting working in the factories. We only asked the participants if they had ever had
any previous respiratory disease.

The control group in the present study was from another production factory, with very low dust
levels. Another possibility would have been to choose a control group from the general population,
but this would have introduced other types of bias in the study, related to socioeconomic differences
between the factory workers and the population.

This is the first study to assess the prevalence respiratory symptoms and lung function among
coffee workers in Ethiopia. However, as this study is a cross sectional study, the cause and effect
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association between dust exposure, and respiratory symptoms and lung function reduction cannot be
drawn based on our findings. Our analyses were adjusted for other factors, including age, which may
affect lung function. However, it is worth noting that there may be other variables present, which we
have not identified. We would therefore recommend that a longitudinal study is undertaken in order
to characterize the association between dust exposure and lung function reduction.

This study used a questionnaire-based interview to assess the respiratory symptoms that might
result in recall and interviewer bias. However, similar questions were used to assess the respiratory
symptoms in both the coffee workers and control groups. To minimize bias, a well-trained interviewer
was involved in interviewing both groups. Also, the reported symptoms agreed with the objective
measures from the spirometry. Symptoms such as coughing, wheezing, and breathlessness are often
associated with obstructive lung disease [22].

This study included workers from all three coffee growing and processing regions of Ethiopia,
and the factories are considered to be representative to all similar primary coffee processing factories
in Ethiopia. Similar results might also be expected by any African coffee factory with a similar dust
exposure level and similar production type of Arabica coffee beans.

As this study showed that the majority of the coffee workers did not use any type of respiratory
protective devices, an immediate action to reduce respiratory health problems among coffee workers
would be to provide proper facemasks.

5. Conclusions

Workers in primary coffee processing factories in Ethiopia had a higher prevalence of chronic
respiratory symptoms and lower lung function than the controls. This might represent early signs of
lung disease. A longitudinal study on the possible effects of coffee dust on respiratory health among
coffee production workers is recommended.
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Abstract: This study aimed to describe the epidemiological characteristics, the occupational context,
and the cost of hospitalised work-related traumatic spinal injuries, across New South Wales, Australia.
A record-linkage study of hospitalised cases of work-related spinal injury (ICD10-AM code U73.0 or
workers compensation) was conducted. Study period 2013–2016. Eight hundred and twenty-four
individuals sustained work-related spinal injuries; 86.2% of whom were males and had a mean age of
46.6 years. Falls led to 50% of the injuries; predominantly falls from building/structures, ladders
or between levels. Falls occurred predominantly in the construction industry (78%). Transport
crashes caused 31% of injuries and 24% in heavy vehicles. Half of all the transport injuries occurred
‘off road’. The external cause was coded as ‘non-specific work activity’ in 44.5% of cases; missing
in 11.5%. Acute care bed days numbered at 13,302; total cost $19,500,000. High numbers of
work-related spinal injuries occurred in the construction industry; particularly falling from a height.
Off-road transport-related injuries were significant and likely unaddressed by ‘on-road’ prevention
policies. Medical record documentation was insufficient in injury mechanism and context specificity.
Workers in the construction industry or those using vehicles off-road were at high risk of spinal injury,
suggesting inefficient systems approaches or ineffective prevention policies. Reducing the use of
non-specific external cause codes in patients’ medical records would improve the measurement of
policy effectiveness.

Keywords: workplace injuries; spinal trauma; record-linkage data

1. Introduction

Traumatic spinal injuries (TSI) can comprise column fractures, spinal cord injury or both.
They are among the most severe injuries with potential long-term, physical, psychological, and social
consequences. The leading causes of TSIs are widely reported as falls and motor vehicle crashes [1–5];
some of these occur in occupational settings, placing a significant financial burden on both employer
and employee, the compensation system, and the health care system. Safe Work Australia calculated
the cost of work-related falls to be at $6,640,000, in 2012–2013 [6,7]. The economic cost of work-related
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injury and illness, more broadly, has been estimated at ranging from 1.8% to 6.5%, of a country’s gross
domestic product [8]. Safe Work Australia’s current “Work Health and Safety Strategy” [9] has set
one of its three national targets as a 30% reduction in serious workplace injury compensation claims,
by 2022.

The global epidemiology of TSI has recently been estimated in a systematic review [10].
The modelled overall global incidence was 10.5 cases per 100,000 persons; meaning around 768,000
new cases across the world per year. These authors reviewed 102 studies, reporting the TSI from
work-related falls to be more common in low-to-middle-income countries, than in high-income
countries. Road traffic crashes and falls were the most common mechanisms of injury in all
income strata, however, low-to-middle-income countries had a higher proportion of cord injuries,
only, as part of the injury profile in TSI. While comprehensive, this review was unable to report,
more specifically, the industry context of the work-related TSIs. Numerous studies describing TSI
epidemiology have been single hospital or trauma centre-based only and have not apportioned
attributable risk to work-related incidents [2,3,11]. The authors recognised the paucity of the
literature, globally, in examining TSI in population-based studies [10], particularly relative to the
preponderance of studies considering solely cord injuries. If we are to consider only injuries to the
spinal cord, and which are attributable to work globally, this was estimated at between 10–25%,
in 2001 [12]. More recently, the Australian Institute for Health and Welfare (AIHW) reported the
incidence and prevalence of traumatic spinal cord injuries across Australia [13]; “working for an
income” was the second most common specified activity type at the time of injury, over the five-year
period; accounting for 13% of all spinal injuries. A notable limitation of the AIHW data is that it is
compiled using only data provided by consenting patients from the participating spinal cord injury
units (SCIUs), in Australia, therefore likely to be an underestimate, based on an analysis of state-wide
record-linked data, in New South Wales (NSW) [14]. Further, a vital missing component of these
reports is the examination of the activity, at the time of injury.

The primary aim of this study was to describe the population-based epidemiology and
occupational context of hospitalised traumatic spinal column and cord injuries, that occurred while
‘working for an income’ in NSW, the most populous state in Australia. The study does not include
work-related ‘back’ injuries, for example, only musculoskeletal injuries without any spinal column or
cord injuries. Traumatic spinal cord and column injuries are severe, and highly unlikely to avoid a
period of hospitalisation; hence, the capacity of this study to accurately describe the health system
burden of these injuries. A secondary aim was to describe the completeness of activity-coded data.

2. Methods

The study is set in the most populous Australian state—NSW, with approximately 7.5 million
inhabitants, spread over 800,000 km2 in suburban, rural, and very remote areas [15]. The study time
period covered from 1 June 2013–30 June 2016.

Study inclusion criteria were: patients aged ≥16 years, who had a recorded TSI as the reason
for their index admission and an indication that this injury was related to work. Work-relatedness
was defined by the International Classification of Diseases and Related Health Problems, 10th Version,
Australian Modification (ICD10-AM) [16] code U73.0, or at least some of the costs covered by funding
from workers compensation, in either the index admission or any subsequent episode of care within
the acute care continuous period of stay.

Study exclusion criteria were: patients aged <16 years, and those for whom the first admission
with a record of spinal injury was for rehabilitation.

Spinal injuries included all traumatic spinal cord injuries or spinal column injuries, defined on
the basis of specific ICD-10-AM [16] codes (Appendix A). Probabilistic data linkage was undertaken
by the Centre for Health Record Linkage (CHeReL), linking all patients where a TSI code was either
a principal or additional diagnosis, for any separation within the Admitted Patient Data Collection
(APDC). The APDC contains records for all patients admitted to all public hospitals across the state of
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NSW. Corresponding records were linked with the Emergency Department (ED) Data, NSW Mortality
data, NSW Ambulance data collections, and the NSW District Network Return (DNR) activity-based
funding data. The NSW APDC contains all inpatient records including patient demographics,
comprehensive admission, transfer and discharge data, ICD-10-AM [16] diagnosis codes, Australian
Refined-Diagnostic Related Group (AR-DRG) codes, procedure codes, separation mode (discharges,
transfers and deaths), and financial information from all NSW public hospitals, private hospitals,
and day procedure centres. The NSW DNR records the individual patient-level health service activity,
enabling the estimation of the costs incurred by the health service providers, in a bottom-up approach.
The first hospital episode for the patient, satisfying inclusion criteria conditions, as well as all other
contiguous episodes of care, including nested/non-nested transfers, was recognised as the ‘index
event’. The Socio-Economic Indexes for Areas (SEIFA); developed by the Australian Bureau of Statistics,
to rank areas in the country according to the relative socio-economic disadvantage or advantage, was
derived from the patients’ residential postcodes to describe the population relative to their education
and occupation, within this index.

Activity and the place of injury were derived from the first record, or from subsequent records of
the first continuous period of stay, if relevant information was missing in the first record. The
sub-codes of the root U73.0 were used to identify the attributed industry (U73.00–U73.09). Type of
TSI and body region affected was derived from any record within the first continuous period of stay.
Length of stay was calculated for the first continuous period of stay. Costs were derived from the NSW
DNR, which included the ED and the admitted costs.

Descriptive statistics were used to report the prevalence of various factors. Values were reported
as the mean and the standard deviation (SD), in normally distributed continuous variables, or
proportions; median and interquartile range (IQR) for non-normally distributed continuous variables.
All statistical analyses were performed using Stata version 15.0 (Stata Corporation, College Station,
TX, USA). Standardised reporting of the demographic and other variables, as recommended by
De Vivo et al. [17], was followed where possible. The incidence of injury was based on the NSW
Labour Force, aged 15 years and over [18],—note that the numerator data are based on persons 16 years
and over—with 95% confidence intervals calculated, assuming a Poisson distribution [19].

This study was approved by the Cancer Institute NSW, Population and Health Services Research
Ethics Committee: AU RED Reference: HREC/16/CIPHS/19, Cancer Institute NSW reference number:
2016/07/647.

3. Results

From this record-linked administrative dataset, 824 patients aged 16 years or over were identified
as having sustained a TSI in NSW, while working for an income over the period June 2013–June 2016.
Injury victims were predominantly male (86.2%), with a gender ratio of 6.22. Almost half of these
injuries occurred as a result of a fall (49.2%), and more than half of these (55.1%) were falls from building
structures, scaffolding or ladders (Table 1). Of the 254 (31%) transport-related spinal injuries, 50%
occurred in an off-road setting. Fewer workplace injuries occurred in summer (20%), compared with
other seasons, but the variation between seasons was not substantial (note that the proportion of
‘winter injuries’ includes one more month—June 2013—than the other seasons). Workplace-related
spinal injuries represented almost 5% of all acute TSI, identified in this dataset.

Table 2 shows that the most common injury was a fracture and/or dislocation to the lumbosacral
region (58%). Comorbid head, chest or abdominal injury was also sustained in 21% of incidents. Table 2
also quantifies the measure of resource required caring for these injuries. The mean length of the
acute-care stay was more than two weeks (16.1 days). The total number of acute-care bed days, used by
the 824 injured persons, was 13,302 at a total cost of $ 19,500,000 (95%CI $16 M–$23 M). The mean (SD)
per patient cost for acute admission was $23,681.00 ($62,304.00); median (IQR) per patient cost was
$7436.50 ($3381.50–$20,393.00).
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Table 1. Characteristics of the patient population and context of injury occurrence (n = 824).

Characteristics n (%)

Sex

- male 710 (86.2)
- female 114 (13.8)

Age category years

- 16–29 145 (17.6)
- 30–44 233 (28.3)
- 45–59 280 (33.9)
- 60–74 144 (17.5)
- 75+ 22 (2.7)

Season of injury

- Summer 165 (20.0)
- Autumn 205 (24.9)
- Winter 230 (27.9)
- Spring 224 (27.2)

Mechanism of injury (more detail Table 3)

- Falls (W00–W19) 405 (49.2)
- Transport (V01–V99) 254 (30.8)

o Traffic 127 (50.0)
o Non-traffic (off-road) 127 (50.0)

- Mechanical forces (W20–W64) 135 (16.4)
- Other and unspecified (X58–X59) 30 (3.6)

Place of injury occurrence

- Industrial and construction area 161 (19.5)
- Street and highway 124 (15.0)
- Farm 84 (10.2)
- Trade and service area 57 (6.9)
- Home 37 (4.5)
- Sports and athletics area 27 (3.3)
- Other specified 49 (5.9)
- Unspecified 285 (34.6)

Industry (external cause—within activity code)

- Construction 163 (19.8)
- Agriculture, forestry, and fishing 104 (12.6)
- Transport and storage 82 (9.9)
- Manufacturing 13 (1.6)
- Other specified work for income 183 (22.2)
- Unspecified 184 (22.3)
- Missing 95 (11.5)

SEIFA Index (Education/Occupation: quintiles)
*

- First quintile # 138 (17.3)
- Second quintile 193 (24.1)
- Third quintile 202 (25.3)
- Fourth quintile 151 (18.9)
- Fifth quintile ## 116 (14.5)
- Missing 24 (2.9)

* derived from patient’s residential postcode # lowest education and occupation status ## highest education and
occupation status.

For the 47 patients who had inpatient rehabilitation (130 hospital separations), the mean (SD)
length of stay in rehabilitation was 40 days (44).

478



Int. J. Environ. Res. Public Health 2018, 15, 2121

Table 2. Injury detail and consequent hospitalisation.

Injuries Sustained Number %

Spinal cord injury 62 7.5
Cervical level fracture/dislocation 183 22.2
Thoracic level fracture/dislocation 295 35.8
Lumbosacral level fracture/dislocation 480 58.3
Co-morbid traumatic brain injury 65 7.9
Co-morbid severe chest injury 93 11.3
Co-morbid severe abdominal injury 33 4
Subsequent rehabilitation admission = yes 47 5.7
Length of stay acute care days (mean (SD)) 16.1 (39.7)
Length of stay acute care days (median (IQR)) 4.9 (1.7–11.5)
Length of stay rehabilitation days (mean (SD)) 40 44
Length of stay rehabilitation days (median (IQR)) 24.3 (13.9–45.9)

Table 3 further investigates the activity within each broad mechanism of injury category,
permitting a greater understanding of the circumstances of injury, within certain activities.
The most common type of fall injury was related to falling from a building or structure (24.4%),
while the most common transport injury was sustained as an occupant of a heavy vehicle (23.6%).
Over half the workplace TSIs caused by a mechanical force resulted from being struck by a projected
or falling object (54.1%).

Table 3. A detailed description of injury in the context of activity.

Specific Activity Leading to Injury n (%)

Falls

- From building/structure 99 (24.4)
- On and from ladder 91 (22.5)
- Other from one level to another 77 (19.0)
- On and from scaffolding 33 (8.1)
- On and from stairs 27 (6.7)
- Same level 24 (5.9)
- Other same level 22 (5.4)
- Other & unspecified 21 (5.2)
- From tree 11 (2.7)

Total falls 405 (100)

Transport accidents

- Occupant of heavy transport vehicle (V60–V69) 60 (23.6)
- Car occupant (V40–49) 48 (18.9)
- Animal-rider (V80) 37 (14.6)
- Motorcycle (V20–V29) 21 (8.3)
- Occupant of special all-terrain vehicle (V86) 21 (8.3)
- Pedestrian (V01–V09) 12 (4.7)
- Occupant of pick-up truck (V50–V59) 11 (4.3)
- Other and unspecified (V98–V99) 11 (4.3)
- Occupant-vehicle mainly used in agriculture (V84) 9 (3.5)
- Other 9 (3.5)
- Pedal cycle (V10–V19) 8 (3.1)
- Occupant-vehicle used on industrial premises (V83) 7 (2.8)

Total transport accidents 254 (100)

Mechanical forces

- Struck by thrown, projected or falling object (W20) 73 (54.1)
- Bitten or struck by other mammals (W55) 21 (15.6)
- Contact with other and unspecified machinery (W31) 17 (12.6)
- Striking against or struck by other objects (W22) 13 (9.6)
- Other specified 11 (8.1)

Total mechanical forces 135 (100)
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The external cause activity was coded as ‘other or unspecified’ in 44.5% of cases, and ‘missing’ in
another 11.5% of cases (Table 1). Of the remaining cases where codes were specified to an industry,
78.8% of all falls occurred to persons in the construction industry, as did 48.3% of all mechanical force
injuries. Transport-related injuries occurred predominantly in the transport and storage industry (51%)
or agriculture/forestry industry (41.5%), and rarely in the construction industry (4%).

The annual rate of workplace-related spinal injuries was 7.2 (95% CI 6.8–7.7) per 100,000 persons,
with the rate per 100,000 persons for males (11.6, 95% CI 10.7–12.5) being six times that of females
(2.2, 95% CI 1.8–2.6).

4. Discussion

This study identified 824 persons during a three-year period who sustained TSIs while working
for income. Almost half of these injuries resulted from a fall (49.2%); often from building structures,
scaffolding or ladders (55.1%). Given that only 18% of TSI occurred in the 16–29 years age
group, developmental vulnerability, and inexperience do not seem to be major contributing factors.
The SEIFA index classifying education and occupational status shows a slightly higher proportion in
the lowest three quintiles (67%), than in the higher two. The only comparator to this study analysed
NSW hospitalisation and workers compensation data almost 20 years ago and considered all injury
types, and not TSI alone [20].

Almost half of all work-related spinal injuries in our study were due to falls. Fall risk in Australian
workplaces has been the focus of national attention over recent years. A Working at Heights Association
survey [21], in 2014, found concerning failure rates of unsafe equipment installation, where 94% of
fixed ladders were identified as potentially fatal. Despite numerous publications of codes of practice
promoting workplace health and safety (WHS), and strong WHS laws, our results suggest that
increased local surveillance of safety systems and stricter enforcement of relevant legislation may be
required to reduce risks and, therefore, fall-related injuries.

Heavy transport vehicle crashes were the leading cause of transport-related spinal injuries in this
study. A heavy vehicle driving crash risk is known to be reduced by the consumption of caffeinated
substances [22], however, increased with night shift driving, insufficient breaks, and lack of vehicle
safety devices [23]. Industry safety for heavy vehicle drivers has a long chain of responsibility that
involves general practitioners in driver licensing, logistics managers, employers of various sizes,
loading managers, goods consigners, and many others. Where multiple parties may be responsible
at different stages in risk profiles, it is clear that all parties must work seamlessly together to reduce
overall risk.

The reliability of the external cause codes in ICD10-AM [16] has been previously proven to be
questionable, with high levels of missing activity codes, and ‘non-specific’ coding to describe events
surrounding injury cause [24,25]. Analysis of a nationally representative sample of injury admissions
across Australia, in 2002, revealed an underestimation of around 32%, in hospital coding, of the true
burden of occupational injury [26]. The sub-codes of the root U73.0, used to identify the attributed
industry (U73.00–U73.09), within which the activity was being undertaken at the time of injury;
was missing or coded as ‘other’ or unspecified, in more than half of all cases (56%). Lack of coding
specificity clearly hampers the provision of information to injury prevention activities and policy
and likely leads to underestimation of actual events. The importance of improving the quality of
clinical documentation, and particularly the level of specificity surrounding the injury events has been
previously highlighted by Soo et al. [25]. These authors suggested that this perhaps indicated a
relatively lower perceived importance of activity information, compared to injury mechanism codes,
which have been more completely coded [25].

A particular strength of this study is its comprehensive profile of work-related TSIs, drawn from
a population-based record linkage; not previously offered in Australia. Despite the undoubted
under-reporting due to medical coding issues, these data aptly inform the current policy targets from
the Australian Work Health and Safety Strategy 2012–2022 [9], to achieve a “reduction in the incidence

480



Int. J. Environ. Res. Public Health 2018, 15, 2121

rate of claims resulting in one or more weeks off work of at least 30%” for workplace injuries. Baseline
data for this policy included serious non-fatal workers’ compensation claims, reportedly around
11.5 claims per 1000 employees, over the 2009–2010 to 2011–2012 period. The objective of 30% reduction
is acknowledged as ‘ambitious’ but thought to be attainable, if ‘concerted and sustainable effort is
made to target the most common causes of injury in those industry sectors that experience both high
numbers and high rates of injury’ [27]. This study did not consider TSIs related to other workplace
injuries, however, this injured population certainly would be included within a ‘30% reduction’
target. A replicated follow-up record linkage, in 2022, would ideally quantify the measure of any
reduction achieved.

Limitations of this study included the unavailability of various important variables about the
injured worker, such as ethnicity, level of education and experience, the employment situation
(e.g., whether permanent/part-time/casual), and specific occupation. Indigenous status was not
identified within the APDC collection; the population of NSW has 2.9% of indigenous people. These
variables may influence the risk profile within particular industries or worker groups. The source data
coding issues have been discussed earlier. Finally, the APDC does not include hospitalisation data for
patients who were admitted to private hospitals across NSW. The degree of under-representation that
this presents is uncertain, however, such severe injuries are much more likely to be treated within the
public hospital system.

5. Conclusions

Work-related traumatic spinal injuries create a significant burden of cost and disability for the
Australian workforce but are preventable, and also fall under a current focus of the Safe Work Australia
policy to reduce serious injury compensation claims, by 30%, by 2022. This study demonstrates
that the construction industry is still experiencing a high burden of work-related spinal trauma,
particularly related to falling from heights, with a need for more effective policies, risk management
strategies, and countermeasures for prevention. Transport injury prevention efforts equally need to
address heavy vehicle occupant risk. Further research is required to better understand the factors
contributing to traumatic spinal injuries in the workplace, including worker risk profiles, job design,
work environment, culture, and leadership. Finally, the design and tailoring of industry-specific
injury prevention strategies would be greatly assisted by improving the quality of medical record
documentation, including, specifically, a reduction in the use of non-specific external cause codes.
A more accurate identification of the activities and sectors which give rise to workplace spinal trauma,
has policy relevance, as injury circumstances inform public health initiatives to target injury prevention.
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Appendix A

ICD10-AM Codes provided to the Centre for Health Record Linkage, in order to identify persons
aged 16 years or over, at admission, who were admitted after sustaining a traumatic spinal injury:
S12, S12.0, S12.1, S12.2, S12.21, S12.22, S12.23, S12.24, S12.25, S12.7, S12.8, S12.9, S13.1, S13.10, S13.11,
S13.12, S13.13, S13.14, S13.15, S13.16, S13.17, S13.18, S13.2, S13.3, S14.0, S14.10, S14.11, S14.12, S14.13,
S14.70, S14.71, S14.72, S14.73, S14.74, S14.75, S14.76, S14.77, S14.78, S22.0, S22.00, S22.01, S22.02, S22.03,
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S22.04, S22.05, S22.06, S22.1, S24.0, S24.1, S24.10, S24.11, S24.12, S24.7, S24.70, S24.71, S24.72, S24.73,
S24.74, S24.75, S24.76, S24.77, S32, S32.0, S32.00, S32.01, S32.02, S32.03, S32.04, S32.05, S34.0, S34.1,
S34.3, S34.70, S34.71, S34.72, S34.73, S34.74, S34.75, S34.76, T06.0, T06.1, T09.3.
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Abstract: In recent decades, many researchers have focused on the issue of medical failures in the
healthcare industry. A variety of techniques have been employed to assess the risk of medical failure
and to generate strategies to reduce the frequency of medical failures. Considering the limitations of
the traditional method—failure mode and effects analysis (FMEA)—for risk assessment and quality
improvement, this paper presents two models developed using data envelopment analysis (DEA).
One is called the slacks-based measure DEA (SBM-DEA) model, and the other is a novel data-driven
approach (NDA) that combines FMEA and DEA. The relative advantages of the three models are
compared. In this paper, an infant security case consisting of 16 failure modes at Western Wake
Medical Center in Raleigh, North Carolina, U.S., was employed. The results indicate that both
SBM-DEA and NDA may improve the discrimination and accuracy of detection compared to the
traditional method of FMEA. However, NDA was found to have a relative advantage over SBM-DEA
due to its risk assessment capability and precise detection of medical failures.

Keywords: failure mode and effects analysis; medical failure; novel data-driven approach; data
envelopment analysis; healthcare

1. Introduction

In recent decades, medical failures, which are referred to as errors or adverse events in a medical
service, have attracted much attention in the healthcare industry due to the increasing concern for
patient safety [1]. The occurrence of medical failures may result in additional costs and a reduction
in medical quality [2]. The U.S. Institute of Medicine reported that preventable medical failures
result in 1,000,000 injuries and 44,000–98,000 deaths in hospitalized patients [3] and incur a loss of
$17,000,000 [4] each year in America. In Taiwan, approximately 500 medical conflicts each year await
legal mediation or trial [5]. Researchers suggest that reducing medical failures is critical for improving
patient safety in healthcare systems. The prevention of medical failures may consist of two stages:
risk assessment and quality improvement to monitor medical failures that may occur in a system.
In general, risk assessment is processed by categorizing medical errors and predicting the probability
of their occurrence [6]. The Joint Commission on Accreditation of Healthcare Organizations (JCAHO)
requires all accredited hospitals or other healthcare organizations to complete at least one proactive
risk assessment annually to assess the risk of errors and to continuously improve quality [7].

The techniques of risk assessment and quality improvement involve a variety of methods
to prevent medical failures, including Six Sigma, hazard analysis and critical control points
(HACCP), failure mode and effect analysis (FMEA) or healthcare failure mode and effect analysis
(HFMEA), the Toyota production system (TPS), hazard and operability studies (HAZOP), total
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quality management/continuous quality improvement (TQM/CQI), root cause analysis (RCA),
and probabilistic risk assessment (PRA) [8]. Among these methods, FMEA is widely accepted and
employed to assess the risk of medical failures [9–11] and thus serves as a basis for generating
preventive actions [12]. The validity of FMEA is commonly noted for the assessment of medical risk
by the JCAHO. In FMEA, three indexes, including severity (S), occurrence (O) and detection (D), are
applied to assess risk, where S denotes the seriousness of the effect of failure, O is the probability or
frequency of the failure, and D represents the probability that the failure will be detected before the
impact of the effect is realized. However, weaknesses in the process of assessing risk in FMEA have
been reported [13,14]. Based on a review of previous studies, the limitations of FMEA include the
following: (1) FMEA may not provide sufficient information regarding S, O, and D because it assumes
that the relative importance of S, O and D is equal [13]; (2) due to insufficient discriminative power,
the prioritization for the failure mode with different combinations of S, O, and D may yield the same
value for the risk priority number (RPN), resulting in difficulty in ranking priorities [15]; and (3) FMEA
provides limited corrective information on S, O and D for each failure mode.

Inspired by the technique of data envelopment analysis (DEA), this paper proposes two methods
to overcome the weaknesses of FMEA. One is called the slacks-based measure DEA (SBM-DEA) model,
and the other is a novel data-driven approach (NDA) that combines FMEA and DEA. The proposed
modified DEA models are applied to risk index datasets of S, O and D. The realistic solutions, including
complete prioritization and effective mitigation strategy, are generated to provide risk managers in
healthcare organizations with insights into the degree of risk of medical errors for each medical service.
Furthermore, the proposed models are also helpful for carrying out further process redesign for
risk mitigation.

The subsequent sections of this paper are organized as follows. The methodology is presented in
Section 2, in which the basic DEA model is briefly presented and three risk assessment approaches are
described. In Section 3, the numerical results of FMEA, SBM-DEA and NDA are presented. Section 4
presents a comparison of the three approaches. Section 5 concludes with a summary of findings.

2. Methodology

FMEA was first developed to solve reliability and safety problems in the aerospace industry in
the late 1950s. Because FMEA emphasizes the proactive prevention of medical failures rather than
solutions, it can assist managers in identifying failures and causes/effects and in eliminating failures
by instituting corrective actions in the risk assessment process [16]. In FMEA, a documented method is
employed, asking the manager to provide structural and formalized information for the risk control
and assessment of potential failures in terms of what might go wrong, what might cause it to go wrong,
and what effects it would have [17]. The prioritization of failure modes is determined by the RPN,
which is calculated by multiplying the scales of S, O and D. Higher values of RPN imply that corrective
action is more urgently needed. The calculation of the RPN is expressed as follows:

RPN = S × O × D (1)

DEA is a non-parametric analysis technique used to measure the relative efficiencies of
decision-making units (DMUs). By using mathematical programming, DEA yields a composite
efficiency score between zero and one for each DMU having multiple inputs and outputs. A DMU
is said to be efficient if and only if it has an efficiency score of one. In DEA, an assumption of the
weights for all of the productive indicators is not required. A set of weights is objectively generated
via a programming process in which favorable weights for all DMUs under evaluation are determined
by maximizing their efficiency scores. The result obtained from DEA may help decision-makers to
identify the inefficient units and to consequently establish improvement strategies.

To overcome the weakness of FMEA, a numerous studies suggest that DEA may be an effective
option for enhancing the assessment capability of FMEA [18–20]. DEA is a well-known data-driven
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approach for measuring the relative efficiencies among DMUs [21]. According to the efficiency
perspective, DEA aggregates all productive indicators and yields a composite score to reveal the
distance between a DMU’s position and efficiency frontier. The frontier is formed by efficient DMUs,
also called best -practices, representing the boundary condition for the whole system, which all DMUs
can benchmark at their current production technology [22].

In this paper, a slacks-based measure (SBM) was used to assess the risk of failure modes in the
healthcare industry. Suppose that there are n DMUs, each DMUj (j = 1, . . . , n) uses m inputs xij (I = 1,
. . . , m) to produce s outputs yrj (r = 1, . . . , s). Let DMUo be the DMU under evaluation, and its ith
input and rth output are denoted by xio and yro, respectively. The SBM score of DMUo, calculated
using the input orientation, is expressed by the following programming model:

Minimize θSBM
o = 1 − 1

m

m

∑
i=1

s−i /xio

s.t.
xio = ∑n

j=1 λjxij + s−i i = 1, . . . , m
yro ≤ ∑n

j=1 λjyrj r = 1, . . . , s
λj ≥ 0, s−i ≥ 0 j = 1, . . . , n

(2)

Model (2) is commonly referred to as the envelopment form and is the dual problem of the
multiplier form. In model (2), s− ∈ Rm is the slack vector for the input, and λj ∈ Rn is the non-negative
vector connecting all inputs and outputs to form an efficiency frontier. s−i denotes the excess amounts
in the input that can be decreased non-radially comparing with efficient DMUs. The θSBM∗

o is the SBM
efficiency of DMUo. If s−∗

i > 0, DMUo is identified as an inefficient unit, i.e., θSBM∗
o < 1; otherwise,

it is an efficient unit. Compared with a traditional radial DEA model, SBM provides a clearer view for
determining the specific input variable that causes the inefficiency. Through the optimal slack amount,
s−∗

i , the direction for improving inefficient DMUs can also be easily obtained.
Figure 1 depicts the process of risk assessment, including four steps:
Step 1: Collect the risk index report of failure modes.
Step 2: Generate a dataset of risk indexes (severity, occurrence, and detection).
Step 3: Assess the risk of failure modes using modified DEA, including SBM-DEA and NDA,

as discussed in this paper, and generate the risk rankings for all failure modes.
Step 4: Provide improvement strategies by mitigating risk for the prevention of medical failures.
Because the S, O, and D dataset in FMEA has the property of “the lower, the better”, which is

similar to inputs, this paper considers the risk indexes of S, O, and D as inputs. Thus, by applying
SBM, as depicted in Equation (2), the FMEA model yields the following:

Minimize θRPN
o = 1 −

(
ss−/So + sO−/Oo + sD−/Do

)
/3

s.t.
So = ∑n

j=1 λjSj + sS− for severity
Oo = ∑n

j=1 λjOj + sO− for occurrence
Do = ∑n

j=1 λjDj + sD− for detection
1 = ∑n

j=1 λj j = 1, . . . , n
λj, sS−, sO−, sD− ≥ 0

(3)

where sS−, sO− and sD− denote the slack for S, O, and D, respectively. The θRPN∗
o represents a composed

RPN index for each failure mode and is further employed as the basis for prioritizing n failure modes.
A failure mode with θRPN∗

o = 1 and sS−∗ = 0, sO−∗ = 0, sD−∗ = 0 represents a safer mode, whereas
failure modes with θRPN∗

o < 1 represent riskier modes. For risky failure modes, the improving targets(
So − sS−∗, Oo − sO−∗, Do − sD−∗) may be generated automatically by using the optimal slacks (sS−∗,

sO−∗, sD−∗). In this paper, Equation (3) is referred to as the SBM-DEA model.
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Figure 1. The process of risk assessment. DEA: data envelopment analysis.

SBM-DEA may successfully improve the discriminatory problem of traditional RPN, i.e., some
failure modes have the same RPN composed of different combinations of S, O and D, providing an
alternative adjustment as quantitative information for each risky failure mode. However, SBM-DEA
may present two chief shortcomings: (1) for safer failure modes, it is unable to generate the complete
prioritization, as they all have a unity score θRPN∗

o = 1; and (2) for risky failure modes, the improving
targets waste of risk mitigation resources.

To overcome the problem arising from SBM-DEA, this paper presents the NDA, expressed in
Equations (4) and (5). All failure modes are classified into two sets: safe failure modes and risky failure
modes. We then apply the Super SBM model developed by Tone [23] and a minimum distance model
developed by Aparicio et al. [24] to evaluate the RPN indexes of safe failure modes and risk failure
modes, respectively.

For safer failure modes:
Assume that there are n safe failure modes with θRPN∗

o = 1. To differentiate them, the RPN for
each safe failure mode is defined as the optimal value δRPN∗

o in the following model.

Minimize δRPN
o = 1 +

(
sS+/So + sO+/Oo + sD+/Do

)
/3

s.t.

So ≥ ∑n−1
j=1,j �=o λjSj − sS+ for severity

Oo ≥ ∑n−1
j=1,j �=o λjOj − sO+ for occurrence

Do ≥ ∑n−1
j=1,j �=o λjDj − sD− for detection

1 = ∑n−1
j=1,j �=o λj j = 1, . . . , n − 1, j �= o

λj, sS+, sO+, sD+ ≥ 0

(4)

For risky failure modes:
Let E be the set of safe failure modes with θRPN

o = 1 and λj = 1. Thus, the RPN index for each
risky failure mode can be solved by the following model.

Maximize θRPN
o = 1 −

(
ss−/So + sO−/Oo + sD−/Do

)
/3
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s.t.
So = ∑n

j=1, j∈E λjSj + sS− for severity
Oo = ∑n

j=1, j∈E λjOj + sO− for occurrence
Do = ∑n

j=1, j∈E λjDj + sD− for detection
1 = ∑n

j=1, j∈E λj j ∈ E
−(

vSSj + vOOj + vDDj
)
+ u = −dj

vS, vO, vD, u ≥ 1
0 ≤ dj ≤ Mbj
0 ≤ λj ≤ M

(
1 − bj

)
bj ∈ {0, 1}
sS−, sO−, sD− ≥ 0

(5)

where M is a large positive variable, and bj is the binary variable. The vS, vO and vD are the weights
for severity, occurrence and detection, respectively, which comply with the corresponding constraint
to the multiplier form.

Compared to SBM-DEA, in the NDA model, the safe failure modes to be evaluated are removed
from the safe frontier (λj, j �= 0). In addition, all of the slacks (sS−, sO− and sD−) in the constraints and
objective function are modified from positive to negative. Thus, the RPN for each safe failure mode
can be obtained as δRPN∗

o ≥ 1.

Data Collection in the Healthcare Industry

In this section, we reuse a case from Western Wake Medical Center in Raleigh, North Carolina,
which was first introduced by applying FMEA to mitigate the risk of preventing infant abduction in
Reichert [25]. The dataset is tabulated in Table 1 and consists of 16 failure modes, which were identified
by a managerial team in the medical service process.

Table 1. Risk indexes (S, O, D) in failure mode and effects analysis (FMEA) for preventing
infant abduction.

No. Failure Modes Severity Occurrence Detection

FM1 Child not banded 10 7 5
FM 2 Insufficient IS info provided to mom 5 4 8
FM 3 Mom not paying attention 5 8 8
FM 4 Info not understood 5 2 8
FM 5 Baby may not be HUGS banded prior to washing 10 9 3
FM6 Info not entered into computer system, including name/room 10 8 5
FM7 Delay in entering info into computer system 10 4 5
FM8 “Unfounded” Alarms 10 3 10
FM9 Alarm ringing—doors not locking 10 2 10
FM10 HUGS band not applied until reaching post-partum (sometimes) 10 5 2
FM11 Bands loosening 8 9 6
FM12 Bands not checked and/or tightened properly 8 3 8
FM13 Not checked against census 7 8 7
FM14 Transferred rooms, not updated 7 7 7

FM15 HUGS band may not be checked when moving to nursery, other,
for blood draws, circ, etc 5 7 3

FM16 Leaving SCN other than for discharge w/o HUGS band (may
include family room visiting) 8 5 8

Note: HUGS: Hugs infant security system SCN: special care nursery.

3. Results

This paper applies the failure mode data in Table 1 to the three models: FMEA, SBM-DEA and
NDA. The results are demonstrated in Figure 2 regarding the prioritization of failure modes among
the three different approaches. For each approach, the horizontal axis displays the ranked set of
failure modes sorted from highest to lowest risk, whereas the risk index is shown on the vertical
axis. Additionally, we divided all ranked FMs into four quartiles (designated Q1 to Q4), with Q1
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representing the highest 25th percentile of risk for FMs requiring urgent action. In Figure 2, we use the
reciprocal of optimal scores obtained by SBM-DEA and the NDA model for simple ranking. A risky
FM with θRPN∗

o , δRPN∗
o < 1 has the covered risk index 1/θRPN∗

o , 1/δRPN∗
o > 1, which serves as the

basis for ranking.

 

Figure 2. Prioritization of failure modes from risk priority number (RPN), slack-based measure (SBM)
and our approach. FMEA: failure mode and effects analysis; SBM-DEA: slacks-based measure; NDA:
data-driven approach.

In terms of FMEA, the subsets of the four quartiles included Q1 = {FM 11, FM 6, FM 13, FM 1}, Q2
= {FM 14, FM 3, FM 16, FM 8}, Q3 = {FM 5, FM 7, FM 9, FM 12} and Q4 = {FM 2, FM 15, FM 10, FM 4}.
It became clear that the discrimination of FM 3 from FM 16 (an ordinal number of 6th) and FM 7 from
FM9 (an ordinal number of 10th) was quite low due to their use of different combinations of S, O and
D to compose the same RPN, i.e., FM 3 and FM 16 have RPN = 320; FM 7 and FM 9 have RPN = 200.

SBM-DEA may overcome such discriminatory problems, identifying the following risk priorities:
FM 3 (1/θRPN∗

3 = 1.333) ≺ FM 16 (1/θRPN∗
16 = 1.482) and FM 7 (1/θRPN∗

7 = 1.143) ≺ FM 9 (1/θRPN∗
9 =
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1.304). However, the ranking is still not sufficiently complete. The risk indexes for FM 4, FM 10 and FM
15 in Q4 imply that they are relative safe modes requiring no corrective action. However, advanced
information on the priority of the modes is lacking because these three failure modes have the same
unity score. Furthermore, the analytical results for the failure modes in Q1 = {FM 11, FM 8, FM 6,
FM 13} and Q2 = {FM 16, FM 1, FM 14, FM 5} by SBM-DEA are not well matched to the results from
FMEA. Only 75% of failures in Q1 and 50% in Q2 are in agreement with the FMEA results.

According to the results from the NDA model in Figure 2, all of the problems mentioned above
were clearly solved. First, the weak discriminatory power of FMEA was improved upon. Risk rankings
between FM 3 and FM 16 and between FM 7 and FM 9 were obtained using the NDA model. The risk
index for FM 3 was (1/δRPN∗

3 = 1.333) greater than that for FM 16 (1/δRPN∗
16 = 1.25), and the risk

index for FM 7 (1/δRPN∗
7 = 1.125) was smaller than that for FM 9 (1/δRPN∗

9 = 1.304). Second, three
safe modes, including FM 4, FM 10 and FM 15, analyzed by SBM-DEA, showed the same unity score.
Through the analysis depicted in Equation (4), the risk of these three failure modes was completely
ranked using the NDA model. The priority ranking was determined as FM 15 � FM 10 � FM 4. Such a
result helps risk managers to obtain full prioritization. Finally, the prioritization of Q1 = {FM 1, FM 11,
FM 6, FM 13} and Q2 = {FM 3, FM 13, FM 8, FM 9} based on NDA is virtually a match, with the same
results as FMEA, i.e., 100% in Q1 and 75% in Q2.

4. Discussion

The RPN value calculated using FMEA provides very limited information for establishing
improvement strategies. Compared with the traditional FMEA, both SBM-DEA and the NDA model
not only can generate a composite risk index from an efficiency perspective for each FM but also
provide the risk control team with the quantitative information to set explicit targets for improving
their strategies. This quantitative information can be determined from the difference between risky
failure modes and their projection targets. However, these projection targets may differ between
SBM-DEA and the NDA model because the former uses the maximum difference, while the latter
concerns the minimum difference under programming.

Table 2 provides a detailed list of optimal scores, projection targets and difference rates for all
failure modes calculated from SBM-DEA and the NDA model. Both the SBM-DEA model (left-hand
side) and the NDA model (right-hand side) identify that FM 4, FM 10 and FM 15 are relatively safe
modes. For each, the SBM-DEA model yields a score of one and projection target of S, O and D that
are equivalent to the original data, such that the reduction rates are all zero. In contrast, the NDA
model provides a score of more than one that can be used as the basis for further ranking. Moreover,
the positive rates of S, O and D express additional information on risk-taking ability, i.e., FM 4 can
increase 100% of O, FM 10 can increase 40% of O and 50% of D, and FM 15 can increase 83% of S.
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Table 2. Comparative results of SBM-DEA and novel data-driven approach (NDA).

SBM-DEA NDA

Modes
θRPN∗

o
Index Original Projection Rate

Modes
δRPN*

o
Index Original Projection Rate

FM1 S 10 5.0 −50.00% FM1 S 10 7.5 −25.00%
0.700 O 7 7.0 0.00% 0.705 O 7 3.5 −50.00%

D 5 3.0 −40.00% D 5 5.0 0.00%

FM2 S 5 5.0 0.00% FM2 S 5 5.0 0.00%
0.833 O 4 2.0 −50.00% 0.917 O 4 4.0 0.00%

D 8 8.0 0.00% D 8 6.0 −25.00%

FM3 S 5 5.0 0.00% FM3 S 5 5.0 0.00%
0.750 O 8 2.0 −75.00% 0.750 O 8 2.0 −75.00%

D 8 8.0 0.00% D 8 8.0 0.00%

FM4 S 5 5.0 0.00% FM4 S 5 5.0 0.00%
1.000 O 2 2.0 0.00% 1.333 O 2 4.0 100.00%

D 8 8.0 0.00% D 8 8.0 0.00%

FM5 S 10 10.0 0.00% FM5 S 10 9.2 −8.33%
0.741 O 9 5.0 −44.44% 0.806 O 9 4.5 −50.00%

D 3 2.0 −33.33% D 3 3.0 0.00%

FM6 S 10 5.0 −50.00% FM6 S 10 7.5 −25.00%
0.658 O 8 7.0 −12.50% 0.730 O 8 3.5 −56.25%

D 5 3.0 −40.00% D 5 5.0 0.00%

FM7 S 10 7.5 −25.00% FM7 S 10 6.7 −33.33%
0.875 O 4 3.5 −12.50% 0.889 O 4 4.0 0.00%

D 5 5.0 0.00% D 5 5.0 0.00%

FM8 S 10 5.0 −50.00% FM8 S 10 6.7 −33.33%
0.656 O 3 2.0 −33.33% 0.756 O 3 3.0 0.00%

D 10 8.0 −20.00% D 10 6.0 −40.00%

FM9 S 10 5.0 −50.00% FM9 S 10 5.0 −50.00%
0.767 O 2 2.0 0.00% 0.767 O 2 2.0 0.00%

D 10 8.0 −20.00% D 10 8.0 −20.00%

FM10 S 10 10.0 0.00% FM10 S 10 10.0 0.00%
1.000 O 5 5.0 0.00% 1.300 O 5 7.0 40.00%

D 2 2.0 0.00% D 2 3.0 50.00%

FM11 S 8 5.0 −37.50% FM11 S 8 6.7 −16.67%
0.634 O 9 7.0 −22.22% 0.722 O 9 3.0 −66.67%

D 6 3.0 −50.00% D 6 6.0 0.00%

FM12 S 8 5.0 −37.50% FM12 S 8 6.7 −16.67%
0.764 O 3 2.0 −33.33% 0.861 O 3 3.0 0.00%

D 8 8.0 0.00% D 8 6.0 −25.00%

FM13 S 7 5.0 −28.57% FM13 S 7 7.0 0.00%
0.673 O 8 7.0 −12.50% 0.733 O 8 3.2 −60.00%

D 7 3.0 −57.14% D 7 5.6 −20.00%

FM14 S 7 5.0 −28.57% FM14 S 7 7.0 0.00%
0.714 O 7 3.0 −57.14% 0.752 O 7 6.2 −11.43%

D 7 7.0 0.00% D 7 2.6 −62.86%

FM15 S 5 5.0 0.00% FM15 S 5 9.2 83.33%
1.000 O 7 7.0 0.00% 1.278 O 7 7.0 0.00%

D 3 3.0 0.00% D 3 3.0 0.00%

FM16 S 8 5.0 −37.50% FM16 S 8 8.0 0.00%
0.675 O 5 2.0 −60.00% 0.800 O 5 5.0 0.00%

D 8 8.0 0.00% D 8 3.2 −60.00%

Note: FM15 and 16 are taken as two examples to elaborate the calculations of SBM-DEA and NDA (See Appendix A).
NDA: novel data-driven approach, SBM-DEA: slacks-based measure DEA (data envelopment analysis).

For risky failure modes with scores of less than one, the reduction rate with respect to the
corresponding original data provides the scales for improving the effort of S, O and D (see the fifth
and tenth columns of Table 2). By following these rates, the risky failure modes can be made safer,
i.e., either to achieve the projection targets or to produce a score of θRPN∗

o = 1 for the SBM-DEA
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model and δRPN∗
o ≥ 1 for the NDA model. Table 2 also shows large differences in optimal scores and

reduction rates between the SBM-DEA model and the NDA model. On the basis of the optimal scores,
the first three extreme cases include FM 16 (θRPN∗

16 = 0.675 and δRPN∗
16 = 0.800), FM 8 (θRPN∗

8 = 0.756
and δRPN∗

8 = 0.656) and FM 12 (θRPN∗
12 = 0.861 and δRPN∗

8 = 0.764). Regarding these failure modes,
the SBM-DEA model suggests that reduction rates are S (−37.5%), O (−60%), and D (0%) for FM 16;
S (−50%), O (−33.33%), and D (−20%) for FM 8; and S (−37.5%), O (−33.33%), and D (0%) for FM 12.
These targets seem unattainable. In contrast, the NDA model obviously provides a more attainable
(less effort) target for safety improvement with reduction rates of S (0%), O (0%), and D (−60%) for
FM 16, S (−33.33%), O (0%), and D (−40%) for FM 8 and S (−16.67%), O (0%), and D (−25%) for
FM 12. None of the reduction rates of S, O and D by the NDA model are ensured to be less than those
obtained by SBM-DEA. For instance, the NDA model suggests that FM 5 may reach the safety frontier
by reducing 8.33% of S and 50% of O, whereas the projection target provided by SBM-DEA asks FM
5 to reduce 44% of O and 33.33% of D. Figure 3 compares the average reduction rates between the
SBM-DEA model and the NDA model. The reduction rate calculated by the difference between the
projection target and the original data is 21.71% for the NDA model and 22.26% for the SBM-DEA
model. The result demonstrates that the projection target of NDA is more closed to FEMA. And thus,
on an average, safety improvement recommended by the NDA model are significantly more effective
than those provided by the SBM-DEA model.

Figure 3. The average reduction rates between SBM and our approach.

In brief, SBM-DEA may yield biased measurements of risk and generate unrealistic solutions
with two main shortcomings in comparison to the NDA model. First, SBM-DEA imperfectly generates
a complete prioritization for all failure modes. Second, the improvement strategy generated by
SBM-DEA for risk mitigation is feasible, but it results in a waste of resources.

5. Conclusions

Given the growing awareness of and pressure for healthcare quality and patient safety in today’s
healthcare environment, both academics and practitioners are increasingly concerned with risk
management in medical services to avoid the effects of medical failures. FMEA is a well-known
systematic procedure that is widely used to identify medical errors and to provide the necessary
corrective actions. In this paper, we presented two models for improving the traditional FMEA method
and compared the relative advantages among the three models. The analysis was based on an infant
security case at Western Wake Medical Center in Raleigh, North Carolina, U.S.
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Both the SBM-DEA model and the NDA model aim to solve the problem of discriminatory
power arising from FMEA, which may result in the same RPN with different combinations of S, O
and D for some failure modes. The results indicate that the SBM-DEA model and the NDA model,
by integrating both two models and FMEA, may provide realistic solutions on optimal targets for safety
improvement, whereas the risk mitigation strategies resulting from FMEA remain scarce. However,
SBM-DEA might be imperfect, as the corrective direction generated from the optimizing process
was unrealistic, resulting in a waste of resources. Additionally, SBM-DEA is incapable of providing
complete prioritization for all failure modes.

The NDA model was found to successfully overcome the problems associated with the SBM-DEA
model, as the NDA model can provide precise and complete prioritizations of failure modes in the
healthcare industry. The NDA model attempts to find the minimum distance for each failure mode
and then yields a strategy for improving medical failures. The corrective actions obtained from the
NDA model are guaranteed to require less effort. As risk mitigation is a vital activity for reducing any
further damages to safety once the risk assessment process is completed, risk mitigation plays a critical
role in enhancing safety. The empirical results clarify the superiority of the NDA model. In light of the
limited resources of healthcare organizations, the NDA model is a more effective and precise approach
for risk management and costs less.
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Appendix A. Calculations of SBM-DEA and NDA for FM 15 and 16

SBM-DEA solves the following linear problems to obtain the optimal objective values of FM 15
θRPN∗

15 = 1.000 and FM 16 θRPN∗
16 = 0.675, respectively.

Minimize θRPN
15 = 1 −

(
ss−/5 + sO−/7 + sD−/3

)
/3

s.t.

5 = (10λ1 + 5λ2 + 5λ3 + 5λ4 + 10λ5 + 10λ6 + 10λ7 + 10λ8 + 10λ9 + 10λ10 + 8λ11 + 8λ12 + 7λ13 + 7λ14 + 5λ15 + 8λ16) + sS−

7 = (7λ1 + 4λ2 + 8λ3 + 2λ4 + 9λ5 + 8λ6 + 4λ7 + 3λ8 + 2λ9 + 5λ10 + 9λ11 + 3λ12 + 8λ13 + 7λ14 + 7λ15 + 5λ16) + sO−

3 = (5λ1 + 8λ2 + 8λ3 + 8λ4 + 3λ5 + 5λ6 + 5λ7 + 10λ8 + 10λ9 + 2λ10 + 6λ11 + 8λ12 + 7λ13 + 7λ14 + 3λ15 + 8λ16) + sD−

1 = (λ1 + λ2 + λ3 + λ4 + λ5 + λ6 + λ7 + λ8 + λ9 + λ10 + λ11 + λ12 + λ13 + 7λ14 + λ15 + λ16)

λ1:16, sS−, sO−, sD− ≥ 0

Minimize θRPN
16 = 1 −

(
ss−/8 + sO−/5 + sD−/8

)
/3

s.t.

8 = (10λ1 + 5λ2 + 5λ3 + 5λ4 + 10λ5 + 10λ6 + 10λ7 + 10λ8 + 10λ9 + 10λ10 + 8λ11 + 8λ12 + 7λ13 + 7λ14 + 5λ15 + 8λ16) + sS−

5 = (7λ1 + 4λ2 + 8λ3 + 2λ4 + 9λ5 + 8λ6 + 4λ7 + 3λ8 + 2λ9 + 5λ10 + 9λ11 + 3λ12 + 8λ13 + 7λ14 + 7λ15 + 5λ16) + sO−

8 = (5λ1 + 8λ2 + 8λ3 + 8λ4 + 3λ5 + 5λ6 + 5λ7 + 10λ8 + 10λ9 + 2λ10 + 6λ11 + 8λ12 + 7λ13 + 7λ14 + 3λ15 + 8λ16) + sD−

1 = (λ1 + λ2 + λ3 + λ4 + λ5 + λ6 + λ7 + λ8 + λ9 + λ10 + λ11 + λ12 + λ13 + 7λ14 + λ15 + λ16)

λ1:16, sS−, sO−, sD− ≥ 0

NDA solves the following linear problems to obtain the optimal objective values of FM 15 δRPN∗
15

= 1.278 and FM 16 δRPN∗
16 = 0.800, respectively.
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Minimize θRPN
15 = 1 +

(
ss+/5 + sO+/7 + sD+/3

)
/3

s.t.

5 ≥ (10λ1 + 5λ2 + 5λ3 + 5λ4 + 10λ5 + 10λ6 + 10λ7 + 10λ8 + 10λ9 + 10λ10 + 8λ11 + 8λ12 + 7λ13 + 7λ14 + 8λ16) + sS+

7 ≥ (7λ1 + 4λ2 + 8λ3 + 2λ4 + 9λ5 + 8λ6 + 4λ7 + 3λ8 + 2λ9 + 5λ10 + 9λ11 + 3λ12 + 8λ13 + 7λ14 + 5λ16) + sO+

3 ≥ (5λ1 + 8λ2 + 8λ3 + 8λ4 + 3λ5 + 5λ6 + 5λ7 + 10λ8 + 10λ9 + 2λ10 + 6λ11 + 8λ12 + 7λ13 + 7λ14 + 8λ16) + sD+

1 = (λ1 + λ2 + λ3 + λ4 + λ5 + λ6 + λ7 + λ8 + λ9 + λ10 + λ11 + λ12 + λ13 + 7λ14 + λ16)

λ1:16( �=15), sS+, sO+, sD+ ≥ 0

Maximize θRPN
16 = 1 −

(
ss−/8 + sO−/5 + sD−/8

)
/3

s.t.
8 = (5λ4 + 10λ10 + 5λ15) + sS−

5 = (2λ4 + 5λ10 + 7λ15) + sO−

8 = (8λ4 + 2λ10 + 3λ15) + sD−

1 = (λ4 + λ10 + λ15)

−(
vS5 + vO2 + vD8

)
+ u = −d4

−(
vS10 + vO5 + vD2

)
+ u = −d10

−(
vS5 + vO7 + vD3

)
+ u = −d15

0 ≤ d4 ≤ Mb4

0 ≤ d10 ≤ Mb10

0 ≤ d15 ≤ Mb15

0 ≤ λ4 ≤ M(1 − b4)

0 ≤ λ10 ≤ M(1 − b10)

0 ≤ λ15 ≤ M(1 − b15)

vS, vO, vD, u ≥ 1
sS−, sO−, sD− ≥ 0
b4, b10, b15 ∈ {0, 1}
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Abstract: This study aimed to evaluate the association between intention to leave work, and working
conditions and health status among female care-staff in nursing homes. A multicenter cross-sectional
study included female care-staff in 105 nursing homes for the elderly. We used validated
questionnaires to assess occupational, psychosocial and medical data in a multicenter transverse study.
Univariate analysis on chi2 test was performed with stratification according to job (nurse, nursing
assistant), and variables found to be significant on each dimension were included on multivariate
models. 1428 nursing assistants and 342 registered nurses were included. 391 nursing assistants and
85 registered nurses intended to leave their work with the elderly. The registered nurses’ intention to
leave was associated with deteriorated care-team or residents relations, and with perceived elevated
hardship due to the proximity of residents’ death. The nursing assistants’ intention to leave was
associated with deteriorated management relation, with job insecurity and elevated hardship due
to the residents’ intellectual deterioration. Impaired physical or psychological health status also
correlated with this intention. Policy to reduce voluntary turnover of care-staff in nursing homes for
the elderly could be based on multifactorial management, acting on work organization and reducing
psychosocial stress.

Keywords: care workers’ intention to leave; nursing homes for the elderly; psychosocial factors;
musculoskeletal complaints; impaired well-being

1. Introduction

High rates of staff turnover in nursing homes are not a recent phenomenon, especially among
those who work most closely with the residents: registered nurses and nursing assistants. Nursing
homes for the elderly differ in functioning from hospitals in that they have lower level of medical
presence. They are residential establishments caring for increasingly elderly, dependent persons with
multiple comorbidities. Care is given by nursing assistants with various kinds of initial training and
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by registered nurses. Registered nurses usually ensure technical care and coordinate the work of the
nursing assistants. As well as catering and accompaniment, nursing assistants are in charge of hygiene,
comfort and preventive and curative care and are under the supervision of a nurse. About 17.5% of
new nurses leave their first job within one year of starting their jobs [1]. The proportion of nurses
considering or intending to leave the profession varied from 4% to 54% [2]. The cost of turnover from
the organizational perspective includes replacement costs (including training), lost productivity, lost
quality and lowered morale [3,4]. A previous study argued that these costs may well be reflected in
the quality of care that residents receive [3,5]. Three broad categories of factors that influence turnover
have been identified: general economic, work-related and personal factors [3]. Registered nurses and
nursing assistants in nursing homes are subject to strong mental and physical demands (e.g., lifting
and carrying, work schedule), and frequently describe their working environment as distressing [6].
The physical and mental deterioration of elderly patients and the proximity to death were more often
perceived as a source of hardship by registered nurses and nursing assistants. Registered nurses and
nursing assistants are more often confronted by aggressive patients than in hospitals or facilities for the
disabled [7–9]. Registered nurses who had experienced burnout or stress were more likely to intend to
leave the profession [2,10]. Fochsen et al. have focused on the relationship between musculoskeletal
disorders and intent to leave the profession in staff of nursing-homes for the elderly [11]. Several
studies underlined an association between impaired mental well-being in nursing home care workers
and psychosocial factors in health caregivers, but there has been less research on the association
between impaired mental well-being in nursing home care workers and health caregivers’ intention to
leave has hardly been studied [12–15]. Understanding why health care workers abandon their current
employer and/or their job in the nursing profession is important in retention of health providers.
The objective of the present study was to analyze occupational and medical factors associated with the
intention to leave work with the elderly, comparing between nursing assistants and registered nurses,
considering the differences in their tasks.

2. Materials and Methods

2.1. Design

The study was designed as a cross-sectional questionnaire survey design.

2.2. Participants

The target population of the survey was female employees working in with elderly patients
in nursing homes in the Rhône-Alpes Region of France. The occupational physicians of the Region
were asked to participate in the survey by the Regional Department of Businesses, Competition,
Consumption, Work and Employment (DIRECCTE), a state business consultancy. Volunteer
occupational physicians filled out a working conditions assessment questionnaire, and asked all
employees meeting the inclusion criteria in the nursing homes which they oversaw to take part.
Only employees who had been working with the elderly for at least 6 months on at least a half-time
basis were included. The occupational physician handed over the self-administered questionnaire
to subjects included in the study and collected data on working conditions and health status in
nursing staff. The number of subjects who refused to participate was anonymously collected by the
occupational physicians.

2.3. Data Collection

Between October 2009 and September 2010, data were collected by self-administered
questionnaires during periodic follow-up medical examinations or during company visits. These
self-administered questionnaires comprised personal characteristics (age, gender, family status,
number of children), health characteristics and work-related characteristics and used four
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questionnaires measuring Job related hardship, musculoskeletal complaints, impaired mental
well-being, and psychosocial demands [16–21].

2.4. Measures

Job related hardship: The questionnaire included visual analog hardship scales (1 = no hardship,
to 10 = great hardship) related to: premises (disrepair, stairs, clutter), lifting and carrying the elderly,
patients’ mental and physical deterioration, and proximity of death [16–18]. The choice of these
particular categories was based on the literature [21]. Hardship scores were categorized as slight (≤3),
moderate (4–7) or severe hardship (≥8).

Musculoskeletal complaints: Musculoskeletal complaints were assessed on the Nordic
Musculoskeletal Questionnaire, comprising multiple choice questions for each body part (such as
upper limbs, lower limbs, neck and back): “During the last 12 months, have you had trouble (such as
ache, pain, discomfort)?”. The Nordic Musculoskeletal Questionnaire is a standardized questionnaire
with reliability and validity moderate to high, which makes is a good instrument for epidemiological
survey into musculoskeletal disorders and complaints [19].

Impaired mental well-being: Developed as a screening tool to detect the workers likely to have or
to risk of developing psychiatry disorders, the General Health Questionnaire (GHQ) is a measure of
the common mental health problems, domains of depression, anxiety, somatic symptoms and social
withdrawal. It’s the 12-item version (GHQ-12) was used. Respondents had to indicate how frequently
they had recently experienced the various symptoms listed. Each item was rated on a 4-point scale,
with weights from 0 to 3 according to Likert-like type scale (0 = less than usual, 1 = no more than usual,
2 = rather more than usual, and 3 = much more than usual) [20]. Scores higher than 12 were considered
as indicating impaired mental wellbeing [22,23].

Psychosocial demands: Psychosocial demands at work were assessed on the effort-reward imbalance
(ERI) model using the Siegrist questionnaire. In this model, chronic work-related stress is identified
as non-reciprocity or imbalance between high efforts spent and low rewards received. Conversely,
positive emotions evoked by appropriate social rewards promote well-being, health and survival [16].
This questionnaire has three scales: two measuring the extrinsic components of ‘effort’ (6 items)
and ‘reward’ (11 items covering earnings, esteem and job security) and one measuring the intrinsic
component of ‘over-commitment’ (six items) [16,17]. Effort was measured either by six items on the
demanding aspect of the work environment (three measuring quantitative load, one qualitative load,
one increase in total load over time, and one physical load), rated as 1 = does not apply, 2 = does
apply but subject does not consider herself distressed, 3 = does apply and subject considers herself
somewhat distressed, 4 = does apply and subject considers herself distressed, or 5 = does apply and
subject considers herself very distressed. A sum score of these ratings was totalled, as documented in
several studies [16,17]. According to the ERI model, extrinsic and intrinsic effort scores are directly
proportional to effort, whereas the rewards score is inversely proportional to reward. ERI was measured
by calculating the ratio between the extrinsic effort index (E) and the inverse reward index (R): E/(R*c),
with c as a correction factor (c: 6/11); ERI >1 indicates a critical condition of high-cost/low-gain, or
effort-reward imbalance [16,17]. To obtain a more precise view of which rewards were related to which
indicators of employee health, three occupational rewards (earnings, esteem and job security) were
assessed separately. All three reward scores were dichotomized separately, using the most adverse
tercile to indicate low reward: the higher the reward score, the lower the reward [16–18,21,24,25].

2.5. Ethical Considerations

Approval by the French Ministry of Health Research (Comité Consultatif pour le Traitement
de l’Information en Matière de Recherche dans le Domaine de la Santé, 09.320) was obtained before
starting the study. The participants were given an information leaflet explaining the study objectives
and participation was voluntary.
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2.6. Data Analysis

The continuous quantitative variable of seniority in the establishment was transformed into an
ordinal qualitative variable for statistical purposes.

A descriptive step characterized the employee population according to personal characteristics,
working conditions, including occupational psychosocial factors, and mental health status.
Distinguishing between registered nurses and nursing assistants, associations were sought between
the intent to leave work with the elderly and personal factor, occupational factors, psychosocial factors
and medical factors. Frequencies were compared on chi-squared tests, with chi-squared trend tests
depending on the results of cross-analysis. Ratios of event probabilities per case of intent to leave were
studied. As the prevalence of each event was high, odds ratios would not provide a good estimate of
relative risk, and a log-linked binomial model was applied, using the PROC GENMOD procedure in
the SAS statistical package (version 9.3) with the DIST = BINOMIAL and LINK = LOG options.

Univariate and multivariate analyses were performed stratified on job category (nurse/nursing
assistant). The binary response of each case of intent to leave was modeled in two steps: Firstly, all
independent variables underwent univariate analysis; secondly, multivariate analyses were performed
for each dimension (sociodemographic, occupational, psychosocial, and personal health); variables
with p-value ≤ 0.1 were included in a multivariate model on a descending procedure, and variables
with p-value < 0.05 were kept in the model. The psychosocial and medical dimension models were
adjusted on age. For the psychosocial dimension, the global ERI variable is classically used, but in the
present study we sought to investigate the questionnaire sub-dimensions in greater detail, studying the
four variables of extrinsic effort and the three types of reward (esteem, earnings, and job security) in
the multivariate models. From these four multivariate models, multivariate regression was performed
on a descending procedure, with a significance threshold of 5%. In case of non-convergence of PROC
GENMOD because the maximum likelihood estimate (MLE) lay on the boundary of the parameter
space, the SAS COPY macro was used, which provides a good approximation to the exact maximum
likelihood estimates, as well as yielding good estimates of the true population parameters [26].

3. Results

3.1. Socio-Occupational and Medical Data

1770 women (19.6% registered nurses, 80.4% nursing assistants) working in direct contact with the
elderly in 105 nursing homes were included. Twenty-nine registered nurses and nine nursing assistants
refused to participate, leading to a global participation rate of 98%. Four hundred and seventy-six of
the 1808 women (26.3%), wished to leave their work with the elderly: 391 nursing assistants (26.8%)
and 85 registered nurses (24.2%).

3.2. Factors Associated with Intention to Leave Work on Univariate Analysis

Occupational factors: In both nursing assistants and registered nurses, severe hardship related
to residents’ physical deterioration, to proximity to death, or to lack of equipment was significantly
associated with intention to leave. In nursing assistants, weak attachment to the elderly residents,
understaffing, and severe hardship related to lifting and carrying residents, to premises, or to residents’
intellectual deterioration, were significantly associated with intention to leave (Table 1). In both nursing
assistants and registered nurses, work contract, seniority in work with elderly, working time, night
work and type of working hours were not associated with intention to leave.
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Psychosocial factors: In both nursing assistants and registered nurses, intention to leave was
significantly associated with impaired relations with residents, poor reward in terms of earnings, job
security, and esteem, over-commitment, and ERI.

In nursing assistants, intention to leave was significantly associated with physical, or verbal
aggression, and impaired relations with management, or families.

In registered nurses, intention to leave was significantly associated with impaired relations with
the care-team (Table 1).

Med Psychosocial factors: In both nursing assistants and registered nurses, intention to leave was
significantly associated with impaired relations with residents, poor reward in terms of earnings, job
security, and esteem, over-commitment, and ERI.

In nursing assistants, intention to leave was significantly associated with physical, or verbal
aggression, and impaired relations with management, or families.

In registered nurses, intention to leave was significantly associated with impaired relations with
the care-team (Table 1).

ical factors: For both nursing assistants and registered nurses, psychological distress and spinal,
or lower-limb complaints were significant. Upper-limb musculoskeletal disorder was significantly
associated with intention to leave in nursing assistants (Table 1).

3.3. Factors Associated with Intention to Leave Work on Multivariate Analysis

Occupational factors: Severe hardship related to proximity to death was associated with intention
to leave in registered nurses, as was severe hardship related to residents’ intellectual deterioration and
weak attachment to residents in nursing assistants (Tables 2–4). In this global multivariate analysis,
hardship related to inadequate equipment no longer featured as a significant factor (Table 4).

Psychosocial factors: Impaired relations with management in nursing assistants, impaired relations
with residents or with care team in registered nurses, remained associated with intention to leave. In
nursing assistants, high levels of effort and poor reward in terms of job security were associated with
intention to leave. Poor esteem from colleagues no longer featured as a significant factor on global
multivariate analysis (Tables 2 and 4).

Medical factors: Lower limb complaints and spinal complaints remained associated with intention
to leave in nursing assistants but not registered nurses on global multivariate analysis (Table 4).

Table 2. Significant associations between nursing assistants’ intention to leave work with the
elderly and sociodemographic, occupational, psychosocial and medical factors on intermediate
multivariate analysis.

Variables PR [95% CI]
Sociodemographic Factors

Age

<30 years 1 ***
30–39 years 0.91 0.74–1.14
40–49 years 0.72 0.58–0.90
≥50 years 0.60 0.46–0.78

Occupational Factors

Work contract
Permanent 1 *
Temporary 0.78 0.63–0.97

Hardship: equipment
Mild 1 **

Moderate 1.23 1.00–1.51
Severe 1.45 1.17–1.79

Hardship: residents’
intellectual deterioration

Mild 1 ****
Moderate 1.41 1.05–1.89

Severe 1.94 1.48–2.55

Do you get attached to
the residents?

Very often 1 **
Often 1.29 1.00–1.66

Seldom 1.48 1.11–1.97
Rarely/never 1.96 1.33–2.87
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Table 2. Cont.

Variables PR [95% CI]

Psychosocial Factors

Relations with
management

Satisfactory/very
satisfactory 1 *

Moderately
satisfactory/unsatisfactory 1.26 1.04–1.55

Extrinsic effort
No 1 **
Yes 1.31 1.08–1.60

Esteem
Yes 1 *
No 1.26 1.01–1.57

Job security Yes 1 ***
No 1.51 1.21–1.89

Medical Factors

Psychological distress No 1 ****
Yes 1.55 1.31–1.84

Spinal complaints No 1 **
Yes 1.38 1.13–1.70

Lower-limb complaints No 1 ***
Yes 1.39 1.15–1.69

PR: Prevalence Ratio; CI: Confidence Interval.* p < 0.05; ** p < 0.01; *** p < 0.001; **** p ≤ 10−4.

Table 3. Significant associations between registered nurses’ intention to leave work with the
elderly and sociodemographic, occupational, psychosocial and medical factors on intermediate
multivariate analysis.

Variables PR [95% CI]

Sociodemographic Factors

Age

<30 years 1 *
30–39 years 1.20 0.71–2.01
40–49 years 0.93 0.54–1.57
≥50 years 0.62 0.35–1.10

Occupational Factors

Hardship: equipment
Mild 1 *

Moderate 1.25 0.80–1.95
Severe 1.75 1.14–2.68

Hardship: proximity to
death

Mild 1 ***
Moderate 1.17 0.73–1.89

Severe 1.95 1.23–3.08

Psychosocial Factors

Relations with team
Satisfactory/very

satisfactory 1 **

Moderately
satisfactory/unsatisfactory 1.98 1.32–2.98

Relations with patients
Satisfactory/very

satisfactory 1 *

Moderately
satisfactory/unsatisfactory 1.43 0.93–2.19

Medical Factors

Psychological distress No 1 **
Yes 1.66 1.14–2.39

Spinal complaints No 1 *
Yes 1.65 1.07–2.53

PR: Prevalence Ratio; CI: Confidence Interval. * p < 0.05; ** p < 0.01; *** p < 0.001.
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4. Discussion

In the present study, care-workers’ intention to leave was significantly related to certain
psychosocial factors and impaired health status. This study of 1770 female registered nurses and
nursing assistants in 105 nursing homes for the elderly in the Rhône-Alpes Region of France had
a 98% response rate. This study has the advantage of having exploited for the administration of the
questionnaires the periodic visits conducted by the occupational physicians. This method usually
allows a high participation and minimizes the possibility that the answers are influenced by other
workers, because the time in the waiting room is very limited [27].

Validated questionnaires assessed psychosocial demand, musculoskeletal complaints and
psychological distress. The interest of the study lay in correlating intention to leave work with
the elderly and working conditions (psychosocial and organizational demand) while taking into
account the registered nurses’ and nursing assistants’ psychological and physical health status. This
cross-sectional study does not allow us to know the temporal relation between the different phenomena
that influence the intention to leave. However, previous studies have made it clear that the various
factors, violence and stress, are cyclically related to each other [28–30].

Four hundred and seventy-six (26.3%) of respondents wished to leave their work with the elderly,
and nursing assistants (26.8%) more frequently than registered nurses (24.2%). This finding agrees
with Fochsen et al., who reported that “being an assistant nurse was associated with leaving nursing
care” [11]. The NEXT-Study (Nurses’ early exit study) was established to investigate the degree,
reasons, circumstances, and consequences of premature departure from the nursing profession in
Europe. The proportion of nurses (24.9%) who had frequently considered leaving their profession in
nursing homes was higher in our study than in the French data of the longitudinal NEXT-Study (16.5%),
in which nurses were working in residential care for the elderly, hospital structures or home-care [31].
The negative relation-ship between age and turnover intent has been widely reported in previous
studies [13,32]. It has been argued that young nurses who belong to generation Y (born after 1980) hold
different attitudes and values towards their work, which may influence their retention. According
to Lavoie-Tremblay et al., the generation Y nurses reported that recognition was a key motivator.
Their needs are stability, flexible work schedules and shifts, recognition, opportunities for professional
development, and adequate supervision [33].

The study highlighted a significant association between hardship in relation to proximity to death
and intention to leave work with the elderly. Previous study showed that nursing home staff who
had had palliative care training were less liable to report severe hardship in relation to proximity to
death, suggesting that palliative care training has positive impact on perceived hardship in relation to
proximity to death [34]. Better training in the management of dementia patients and in palliative care
might reduce the intention to leave work with the elderly.

A number of researchers have reported an association between workload, stress and turnover
intention [35,36]. In this cross-sectional study, both workplace violence and bad relationships (which
often fall into verbal violence) are significantly associated with the intention to leave work. The effect
was higher in younger workers; this confirms what observed in previous Italian cohorts of nurse and
nursing students [37]. Previous studies suggested that the psychologically strenuous and stressful
nature of the work causes nurses to consider leaving the nursing profession [38–40]. In the present
study, intention to leave was significantly related to certain psychosocial factors. First effort/reward
imbalance was significantly related to intention to leave in nursing assistants. The ERI model was
used to analyze intention to leave the nursing profession in nurses (n = 21,299) in seven European
countries, in the NEXT-Study: ERI was associated with the frequency of considering leaving the
nursing profession [31]. Secondly, overcommitment was not significantly associated with intention to
leave in the present study, in agreement with previous findings [31,40]. According to Zeytinoglu et al.,
nurses with higher levels of career commitment showed statistically significantly lower levels of
propensity to leave nursing [10]. Wang et al. found that a higher level of occupational commitment
was related to stronger intention to stay [41]. Low affective commitment to the profession was
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associated with greater intention to leave the profession [2]. Moreover, Takase et al. found that nursing
staff commitment was directly related to reduce intention to quit the profession [42]. The present study
highlighted weak attachment to residents on the part of nurses and nursing assistants as associated
with intention to leave. Then high levels of effort were an important work environment factor for
intention to leave, consistent with previous findings [31–40]. Finally, for nursing assistants, poor
reward in terms of job security, but in terms of not earnings, was significantly associated with intention
to leave on multivariate analysis. Pay was found not a significant predictor for Jordanian nurses to
leave their organization [43]. According to Lavoie-Tremblay et al., the reasons most often given for
quitting the profession by nurses were difficult working conditions and a lack of job stability [34].
Improving the psychosocial work environment and specifically occupational rewards may be helpful
in retaining caregivers.

Poor relations with management for nursing assistants and poor relations with the care-team
and patients for nurses were significantly associated with intention to leave [44]. Nursing assistants
seemed to exchange little with nurses according to an ergonomic study of geriatric care-staff [45]. In
France, the working week was reduced to 35 h, which may have had the effect of reducing the time
available for verbal exchanges within the team. Moreover, increasing administrative work for nurses
and the increased work-load reported may have reduced the time available for verbal exchanges
between patients and nurses, impairing the nurse-patient relationship. Cowden et al., in a systematic
review of the literature, found a positive relationship between transformational leadership, supportive
work environments and staff nurses intentions to stay [46]. Creating a supportive work environment,
with supportive leadership gives nurses the confidence to stay [47,48]. Healthy and supportive work
relationships have been shown to be related to greater intention to stay in work for nurses [49,50].

The present study revealed a significant association between intention to leave and impaired
health status. First, lower-limb and spinal musculoskeletal complaints were significantly associated
with intention to leave for nursing assistants. Fochsen and Sjögren showed that musculoskeletal
problems of the neck/shoulder and knees were associated with leaving nursing care [11,51].
Secondly, psychological distress was significantly associated with intention to leave for both nursing
assistants and nurses, in line with the longitudinal study of 6441 caregivers by Kivimaki et al. [52].
Bartram et al. found that emotional labor has an indirect effect on intention to leave via burnout nurses
experience [53].

5. Conclusions

Care-staff in nursing homes for the elderly are exposed to elevated psychological and physical
demands in caring for dependent elderly persons often with comorbidities. The present study found
that some of the demands experienced by nurses and nursing assistants underlie an intention to leave
work with the elderly. The results highlight the importance of perceived working conditions in this
intention to leave. Policy to reduce voluntary turnover in nursing homes for the elderly could be based
on a multifactorial approach involving work organization, reduced psychosocial demand and access
to certain training modules such as in palliative care and the management of patients in dementia.
Reorganization to reduce nurses’ administrative workload by delegating tasks to administration
workers should allow nurses more time for exchanges with both patients and nursing assistants.
Having more time to devote to relational aspects would enhance verbal exchange between residents
and caregivers, which in turn should improve job satisfaction and quality of care. Greater involvement
in drawing up personalized care projects and reinforcing and developing caregiver autonomy in
performing everyday care tasks should improve the caregivers’ image of the job. Better recognition
of the work accomplished could be achieved by increasing the time available for exchanges between
colleagues and with management, and by improving job security.
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Abstract: The attention paid to the use of pesticides has increased notably in recent years as
demonstrated by the issue of laws and regulations requiring their safe and environmentally-conscious
use (e.g. Directive 2009/128/EC and Regulation (EC) no. 1272/2008). Despite the benefits that can
be achieved by pursuing the targets of stricter legislative framework, the difficulties for farmers in
complying with it are remarkable, especially for small-sized companies. In fact, in contrast to other
occupational health and safety (OHS) contexts, in the case of pesticides even a preliminary analysis on
the relationship between pesticide use and the consequent exposure risks for the workers is a complex
task. In order to reduce the above-mentioned gap, the present study is focused on the development
of an easy-to-use tool for carrying out occupational risk assessment of agricultural activities related
to the use of pesticides. The procedure was developed by starting from the Agricultural Health Study
(AHS) approach and its improvements, and continuing to the thorough development of a tool for
preliminary risk assessment, providing a simplified model for its practical application by farmers.
A case study concerning olive cultivation was used for its first verification. The results achieved
should be considered as an initial step for the promotion of safer practices when using pesticides,
providing a consistent base for their further validation.

Keywords: occupational health and safety; risk assessment; chemical risks; occupational exposure;
pesticides; occupational risk management; olive orchards

1. Introduction

In recent years, matters concerning the safer and more sustainable use of chemical products in
agriculture have risen in importance worldwide [1,2]. In the European Union this goal is represented
by the implementation of the Integrated Pest Management (IPM) policy [3], which relies on a series of
legislative interventions starting from the issue of Directive 2009/128/EC, establishing a framework
for community action to achieve the sustainable use of pesticides [4]. This directive, together with
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the related acts affecting, among others, the safety requirements of the machinery for pesticide
application [5], the placing of plant protection products on the market [6], the classification, labelling,
and packaging of substances and mixtures [7], and the requirements for the registration, evaluation,
authorization, and restriction of chemicals [8–10], have had a large impact on farmers and companies
operating in the agricultural sector.

These new and stricter obligations concern the whole cycle of pesticide use, starting from their
purchase up to the disposal of packaging and residues. As requested by Directive 2009/128/EC,
the mandatory requirements that should be satisfied for the proper use of pesticides are defined
by Member States through their National Action Plans (NAPs) [11]. From the farmers’ perspective,
this new approach towards a low pesticide-input in agriculture affects several aspects, ranging from the
change of agronomic practices to the compliance with more rigorous specifications for both machinery
maintenance as well as occupational health and safety (OHS) measures [12–14].

Besides the unquestionable benefits for the environment, human health, and social costs that
can be achieved pursuing the targets proposed by this new legislative framework, the difficulties for
farmers in complying with it are also remarkable [15,16].

The goal of the present study was to investigate the latter aspect, focusing on the assessment of the
occupational risks related to the use of pesticides. Numerous studies addressing risk assessment from
the epidemiological point of view can be found in the literature [17–21]. On the other hand, only few
studies have dealt with the practical needs of the companies, in particular agricultural enterprises,
of implementing risk assessment and management to guarantee the safe use of pesticides [8,22].
In particular, one of the major problems at the practical level, especially for small companies,
is represented by the provision of a document where, as per Article 9 of Directive 89/391/EEC,
“an assessment of the risks to safety and health at work, including those facing groups of workers
exposed to particular risks” is reported. Hence, companies have to implement and document a risk
assessment procedure that includes, among other aspects, the best practices, information, and training
issues coming from the application of Directive 2009/128/EC, and information provided by the
safety data sheet as defined by Regulation (EC) no. 1907/2006 in conjunction with Regulation (EC)
no. 1272/2008. Contrary to pesticide exposure, in other types of exposure to particular occupational
risks, such as vibrations, noise, or ultraviolet (UV) radiation, it is possible to provide a preliminary
evaluation of the exposures and risks. Specifically, when dealing with vibrating tools and machines
the exposure levels can be properly defined thanks to the availability of databases recognized from
scientific bodies/authorities [23,24]. Based on this, a preliminary risk assessment can be performed
considering the dose and the duration of exposure in a hands-on manner [25].

In the case of pesticides, the exposure depends on many factors and workers doing apparently
the same job might be exposed to different levels of an active substance. There is a lack of clear
evidence on how the dose levels or the repeated exposure might influence workers’ health [18,26–28].
Moreover, the products put on the market are in continuous evolution [29], and, although some
pesticide databases exist [30], their recognition by the OHS authorities is difficult. As a consequence,
even a preliminary risk assessment, providing information on the relationships between the pesticides’
use and the consequent exposure risks for the workers, is certainly a complex task [31], requiring
additional efforts and resources particularly in the case of small-sized companies [32,33]. In such a
context, in fact, safety knowledge, attitudes, and practices are still inadequate [34–36], even when
dealing with a proper understanding of safety pictograms [37–40].

In order to reduce the above-mentioned gap, the present study is focused on the development of
an easy-to-use tool for carrying out occupational risk assessment of agricultural activities related to
the use of pesticides. Such a tool is aimed at supporting companies in verifying the compliance with
mandatory requirements and providing OHS management indications to achieve and maintain safe
working conditions when using pesticides.

In the next section, an analysis of the legislative framework that the risk assessment activities have
to comply with is provided. Then, in Section 3 a background analysis on the scientific issues related to
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the solution of such a problem is reported. Section 4 presents the research approach/methodology,
illustrating the proposed risk assessment procedure, while in Section 5 its practical application in a
case study is reported. Section 6 discusses the achieved results and conclusive remarks are presented
in Section 7.

2. Legislative Framework

Table 1 synthetizes the interwoven combination of legislative acts, considering their
implementation in the Italian legislation and the main issues related to the safe use of pesticides.

Table 1. EU legislation, its implementation in the Italian legislation, the context, and the related
main issues.

Main Legislative Source Italian Legislation Context Main Issues

Directive 89/391/EEC Decree 81/2008
Occupational health and
safety (OHS) of
professional workers

Specific risk assessment of working activities
related to the use of chemical products;
Specific information and training of the
operators that use pesticides;
Provision of safe working equipment and
specific personal protective equipment (PPE).

Directive 2009/128/EC
Decree 150/2012 and
National Action
Plan (NAP)

Sustainable use
of pesticides

Certified information and training of the users,
distributors, and advisors;
Certified inspection of pesticide application
equipment in professional use;
Documented regular calibrations and technical
checks of the pesticide application equipment;
Proper handling and storage of pesticides and
treatment of their packaging and remnants;
Implementation of practices and products
allowing low pesticide-input pest management.

Directive 2006/42/EC Decree 17/2010 Machinery safety

Specific essential health and safety
requirements for the construction and
maintenance of machinery for
pesticide application.

Regulation (EC) no. 1272/2008
Classification, labelling,
and packaging of
substances and mixtures

New type of classification and labelling of
hazardous substances.

Regulation (EC) no. 1907/2006
Registration, evaluation,
authorization and
restriction of chemicals

New requirements for safety data sheets
(containing information concerning hazards,
first-aid measures, handling and storage,
personal protection, etc.)

Notes: (1) In the table, only the main legislative acts are mentioned, while their further updates/amendments were
not cited: e.g. concerning Directive 2006/42/EC, Directive 2009/127/EC was not mentioned. Similarly, when citing
Directive 89/391/EEC we intend its consolidated text, including for example Directive 2009/39/EC. (2) Regulation
(EC) no. 1907/2006 and its amendments (the so-called “REACH”) have not had a strong impact on pesticide users;
it was included in the table due to the new rules on safety data sheets.

From the risk assessment point of view, the combination of the mandatory requisites provided by
such legislative frameworks can be translated into the following requirements, which companies have
to deal with:

• Provide a documented risk assessment report, demonstrating that the employer has taken into
account all the risks derived from the use of pesticides;

• The risk assessment of the activities related with the use of pesticides should consider the worst
situation of exposure for each activity;

• All the phases of the process should be considered, starting from handling, preparation of the
mixture, setting of the application equipment, mixing, loading, and application, up to the final
operations related to the equipment cleaning and maintenance, as well as dealing with the
management of the cleaning water and the pesticide residues;

• The risk assessment has to take into account the hazardous properties of the pesticides,
the information on health and safety provided by the safety sheet of each product, the level
of exposure, and the duration of the exposure, as well as any occupational exposure limit values
or biological limit values associated with each product;
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• The preventive and protective measure applied, as well as the re-entry safety periods for each
type of application have to be defined.

The practical implementation of these provisions requires a high level of expertise and,
although a specific training for operators is mandatory to use pesticides, difficulties can arise in
correctly understanding and putting them into practice [41]. Moreover, if we consider the Italian
context, the companies operating in the agricultural sector are mainly small-sized or family-run
enterprises [42–44], where the lack of human and financial resources often represents a drawback in
properly implementing occupational health and safety duties [45].

To reduce these difficulties, which are similar for small and medium sized enterprises (SMEs)
operating in different contexts [46–48], a specific easy-to-use risk assessment procedure was developed,
which can allow companies to comply with the abovementioned requirements.

3. Background Analysis

The risk assessment activities are based on the estimation of the probability of occurrence of
a certain event and the severity of its consequences. In the case of chemical risk, such a basic rule
can be translated into the evaluation of the toxicity of the chemical product (e.g., based on the
acceptable operator exposure level (AOEL) or the “lethal dose” criterion) and the level of exposure of
the worker, intended as intensity of exposure per exposure time [49]. The assessment of the exposure
to pesticides has been discussed by numerous studies [1,27,29,30,50,51] and different approaches have
been proposed, which can be roughly distinguished into: (1) biomonitoring of exposure to pesticides,
i.e., the measurement of a pesticide, its metabolite(s), or biotransformation products in biological fluids
such as urine or blood [52]; (2) environmental monitoring, consisting in the measure of the exposure in
the working environment [53].

Nevertheless, measuring the level of exposure is a difficult and complex task, due to the
particularities that characterize the agricultural activities, the differences among the operators and
working environments [54]. Accordingly, alternative methods for exposure and risk assessment have
been developed, which vary from the use of expert opinion [55,56] and pre-marketing models [57,58] to
the use of combination of data from the literature, measurements, and expert opinion [54,59].
In particular, premarketing models were introduced due to the mandatory need for evaluating the
exposure of operators as well as for residents and bystanders [60], providing calculators based on
databases, such as the BROWSE model [61], EUROPOEM [57], or TOXSWA [62]. Despite their
ease of access, these models suffer from several drawbacks when applied in a practical context for
occupational risk assessment [63,64]. Similarly, the so-called job exposure matrices (JEMs) [65] present
with limited effectiveness when considering the agricultural activities [59,66], and for effective results
in the determination of intensity of exposure they should be used in combination with algorithms
that take into account other parameters such as the application rate, the type of equipment, and the
characteristics of the crop [67].

The latter category includes the widespread Agricultural Health Study (AHS) model [68],
developed for the estimation of the exposure to more than 50 individual pesticides, using questionnaire
responses and pesticide information published in the literature. Such an approach is considered the
most effective means for estimating the intensity level of the exposure to pesticides [69]. Without going
into detail since a large literature can be found on the AHS augmentation (e.g., in [18,27,54,70–72]),
the approach can be summarized in the following equation:

I = (MIX + APPL + REPAIR) × PPE, (1)

where

• I represents the intensity score level, i.e., the exposure level of the operator;
• MIX indicates the exposure during the mixing/preparation activities;
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• APPL indicates the exposure during the pesticide application activity;
• REPAIR stands for the exposure during the repair/maintenance/regulation operations of the

equipment for pesticide application; and
• PPE refers the personal protective equipment used (e.g., eye glasses, gloves, etc.).

As noted by Mandić-Rajćevič [73], the weights of these factors are based on the monitoring data
published in the scientific literature. Although both positive and negative examples of using the
AHS algorithm exist in the literature, this system was constructed for epidemiological studies and
not for the purposes of the mandatory issues of the OHS legislation. In order to provide a method
for the risk assessment of activities related to the use of pesticides, Colosio et al. [54] provided an
augmented algorithm based on the AHS approach, which allows a semi-quantitative estimation of
the occupational exposure and risk level consequent to pesticide application. Such a study provided
practical criteria for the assessment of the exposure factors, which are summarized in Table 2.

Table 2. Criteria used in the algorithm proposed by the Agricultural Health Study (AHS).

Factors Criteria

MIX Number of loadings; concentration of the active principle; type of formulation;
duration of mixing and loading

APPL Use rate; application pressure; treated area; interventions on machines during
application; condition of the equipment; duration of the application

REPAIR Maintenance of the equipment; duration of the maintenance

Also, modifying factors such as the type of tractor, the type of the PPE used, and the training/skill
of the operator were considered. In order to evaluate the toxicity, the criterion used consisted in
deriving the toxicity scores based on the risk phrases allocated to the compound of the pesticides
used. The advantage of this approach is that it uses the data readily available on the label of the
product and does not require any extra training in toxicological evaluation of active substances for the
workers. In line with such a framework, other studies (e.g., [74,75]) also provided practical criteria
for the estimation of the exposure during re-entry (especially for specific types of farming, such as
cultivation in greenhouses), which are based on the density of the plants and the type of pesticide.

Even though the above mentioned studies provide effective guidelines for the assessment of
operators’ exposure to pesticides and the related risk levels, they were developed for the purposes of
historical exposure assessment in epidemiological studies. Therefore, the models and their various
extensions fail to provide a documented risk assessment needed for companies to comply with the
health and safety legislation. One example is the option of non-use of proper PPE, which is a legitimate
option in epidemiological studies, but is not allowed by the legislation (Directive 89/391/EEC).
Additional examples include the specific training of operators as well as the maintenance/calibration
of the equipment (Directive 2009/128/EC), which are also cogent requirements.

Additionally, the risk phrases and precautionary statements have been replaced by the “hazard
statements” and the related codes due to the entry into force of Regulation (EC) 1272/2008,
which would make the approach proposed by Colosio et al. (2012) obsolete [54].

Based on the above considerations, we tried to extend the above-mentioned approaches
considering the perspective of an employer that has to draw-up a document where:

1. An assessment of the risks to safety and health at work is reported, including those facing the
workers exposed to chemical risks;

2. The protective measures to be taken as well as the personal protective equipment to be used are
defined; and

3. The specific training of operators and the related mandatory certificates are listed.
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4. Materials and Methods

The proposed approach consists of three main phases (Figure 1). In the first phase, a preliminary
check is carried out in order to verify if the company is compliant with general OHS requirements
related to the use of pesticides. Then, the specific assessment in case of chemical risks is carried out,
evaluating the exposure level of the operator related to the toxicity of the products used. Although
the procedure we propose represents a simplified and preliminary assessment of chemical risk,
in accordance with the national and EU OHS legislation, we use the locution “chemical risk assessment”
for this phase. Finally, the improvement options are proposed for a proper risk management.

 

Figure 1. Scheme of the proposed approach.

4.1. Preliminary Assessment

In this phase, a preliminary analysis of the context has to be performed in order to understand the
company’s practical needs and the working tasks that should be performed. Accordingly, the employer
has to verify the compliance with the general OHS requirements regarding the following topics:

1. Professional information and training of the operator and the related certification as the pesticides’
professional user;

2. Machinery conformity (tractor and pesticide application equipment);
3. Selection of the proper pesticides depending on the company needs;
4. Functional calibration of the application equipment;
5. Definition of working procedures for the pesticides’ application;
6. Selection of the proper PPE based on the type of pesticides and machinery used; and
7. Conformity with the health surveillance requisites.
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The fulfilment of all these requirements is mandatory and to support their management a specific
checklist was developed (Appendix A). The accomplishment of such requirements provides the
necessary input to perform the specific evaluation of the so-called “chemical risks”.

4.2. Chemical Risk Assessment

This analysis consists of a preliminary assessment (i.e., before the application of the pesticides is
carried out) aimed at the definition of an exposure risk profile, and it is realized through a three-step
approach. In the first step, the levels of exposure are estimated, considering all the possible exposure
determinants present in the scenario under evaluation. Based on their conditions in this scenario,
a numeric weight is assigned, and the obtained values are elaborated through a specific algorithm,
to obtain and estimate of the possible level of exposure. Then, a value of toxicity is assigned considering
the characteristics of the product that will be used. Finally, the estimation of the risk level is computed
combining these values.

4.2.1. Evaluation of the Possible Exposure

To evaluate the possible exposure level (Iexp) of the operators, the algorithm proposed by
Colosio et al. [54] and Mandić-Rajćevič [73] was improved as follows:

Iexp = [(MIX × tM + APPL × tA+ REPAIR × tR + RE-ENTRY× tRE) × SKILL × PPE] × FREQ (2)

where the possible re-entry of the operator was included (RE-ENTRY), as well as a reducing factor
considering the experience of the operator (SKILL), while PPE considers the status of the personal
protective equipment and FREQ indicates how many times in a year the operator carries out activities
involving the use of pesticides. With reference to the latter aspect, it has to be noted that, according to
the current Italian OHS legislation, the employer has to update the risk assessment document at least
yearly. As far as the time t is concerned, tM, tA, tR, and tRE represent the percentage of time dedicated to
the MIX, APPL, REPAIR, and RE-ENTRY activities, respectively in a working day, taking into account
that according to the Italian OHS legislation the duration of a working day is of 8 h. In other words,
we assumed that the sum of these factors is not more than 100% of time of a regular working day,
since the abovementioned activities cannot overlap each other as they are carried out sequentially by
one operator only in a working day. Regarding the factor SKILL, the criteria used to introduce this
aspect in Equation (2) are based on the information provided by the technical guideline provided by
the International Social Security Association (ISSA) [76], where the skills of the operator are estimated
considering its experience in carrying out a specific task.

As far as the RE-ENTRY working activities are concerned, they usually consist in any type of
activity performed in a field where pesticides were previously used. From the legislative point of view,
in line with the provisions of the Italian NAP, the re-entry in the field is allowed only 24 h after the
pesticide’s application. Then, during the following 24 h the operator can enter in the field only with
the proper PPE; after that (i.e., after 48 h) the use of the pesticides’ PPE is not mandatory. From an
agronomic perspective, it has to be underlined that in some types of cultivations (e.g., maize or rice) the
re-entry is not foreseen and thus it should not be computed. In our study, we included in this category
the following situation: the operator needs to refill the atomizer’s tank to complete the application
and goes back and forward from the loading point to the application area. In case the cultivated field
has more than one access, the latter activity is not computed if the operator can use other entry points
avoiding the already sprayed areas. Although such criteria might appear quite simple, they are based
on the experiences with farmers, which are often oriented towards practices that allow them to save
time and resources.

The assessment criteria and the relative scores of the elements of Equation (2) are reported as
follows: Table 3 (MIX), Table 4 (APPL), Table 5 (REPAIR), Table 6 (RE-ENTRY), and Table 7 (PPE, SKILL,
and FREQ). The criteria used in the following tables are based on multiple sources: the starting
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point consisted in the findings and the related scientific review provided by [36,64,73]; as additional
references for the weighting factors we have considered technical guidelines in the field of pesticide
management [77] and from other fields such as mechanical hazards [76]. Moreover, the weighting
factors were further discussed in a group of experts in order to verify their usability and effectiveness.

Table 3. Exposure factors during mixing and loading activities.

MIX = (LOAD × CONC) × COMP

LOAD

Number of loads per day Score
1 0.5

2–5 1
>5 2

CONC

Concentration of the active
principle Score

<50% 0.5
50–90% 1
>90% 2

COMP

Type of formulation/compound Score
Soluble bags 0.5

Granules/liquid 1
Powder 2

MIX: mixing; LOAD: loads; CONC: concentration; COMP: compound.

It has to be noted that CONC refers to the concentration of the active principle used in the product:
expressed as a percentage: this information can be depicted from the product’s Safety Data Sheet
(SDS) and it is expressed as a weight/weight (w/w) percentage (as indicated in Regulation (EC)
no. 1272/2008).

Table 4. Exposure factors during the application activities.

APPL = [(DOSE × SURF × BAR) ×TRACT] + INT + EQUIP

DOSE

Quantity of pesticide used (kg/ha) Score
<0.1 1

0.1–2.5 2
>2.5 3

SURF

Application surface (ha) Score
<3 0.5

3–10 1
10–20 2
>20 3

BAR

Application pressure/type of equipment (bar) Score
<3 1
3–5 2

5–10 3
>10 4

TRACT

Type of tractor used to operate the pesticide application equipment Score
Without cabin 3

With a non air-conditioned cabin 2
With an air-conditioned cabin 1

With an air-conditioned cabin equipped with activated carbon filters 0

INT

Number of in-field interventions to calibrate the equipment Score
0 0

1–2 1
>2 2
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Table 4. Cont.

APPL = [(DOSE × SURF × BAR) ×TRACT] + INT + EQUIP

EQUIP
Condition of the application equipment Score

Good 0
Not good 8

APPL: application; DOSE: dose; SURF: surface; BAR: pressure; TRACT: tractor; INT: interventions;
EQUIP: equipment.

It has to be noted that in Table 4, both INT and EQUIP were considered as additional weighting
factors of the exposure risk during the application phase. This is because especially in small companies
the attention paid to the condition of the application equipment is still limited [78–80].

Table 5. Exposure factors during in-field maintenance of the application equipment.

REPAIR

Equipment Maintenance Operations Score

Maintenance operations are carried out by a different person 0
Maintenance operations are carried out by the operator 30

Table 6. Exposure factors during re-entry activities.

RE-ENTRY = (DOSE × H/D) × EARL

H/D

Plants height/foliage density score
Low/Low 1
Low/High 2
High/Low 3
High/High 4

EARL

Time before re-entering in the field after the pesticide application in
order to carry out other activities score

>2 days 0
1–2 days (24–48 h) 1.5

Table 7. Exposure factors related to the condition of PPE, the operator’s experience, and the
application frequency.

PPEs

Condition of PPE Score
Good 0.5

Not good 1

SKILL

Experience/Skills of the Operator in Using Pesticides Score
>5 year 0.25

1–5 years 0.5
<1 year 1

FREQ

Number of Days Per Year Dedicated to the Use of Pesticides Score
<5 0.5

5–10 1
10–20 2
>20 3

Based on the results obtained by means of equation (2), for each pesticide used it is possible to
define an exposure level (Iexp), which can be classified as depicted in Table 8 following the criteria
proposed in [42].
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Table 8. Levels of possible exposure.

Exposure Level (Iexp)

Score Meaning

≤5 Very low level of possible exposure
6–15 Low level of possible exposure
16–30 Medium level of possible exposure
31–50 High level of possible exposure
≥51 Very high level of possible exposure

4.2.2. Evaluation of the Toxicity Level

The creation of a grid for the evaluation of the toxicity exposure needs the synthesis of toxicity
levels in ranked numeric values. As observed by Maroni et al. [31], despite its qualitative nature,
the use of the information provided by the product labels for a preliminary risk assessment in an OHS
context can be considered effective. Such an approach can answer to the needs of safety managers
or entrepreneurs that can use the data provided by the pesticides’ producers in compliance with
the mandatory authorization’s requirements [9], as practical information for a safe management of
pesticides. For this reason, as a reference we used the list of substances provided by Regulation (EC)
no. 1272/2008, although other types of lists proposed at the international level [81,82] can be found.

Based on this, we defined five levels of toxicity using as a surrogate of the potential toxicity
the hazard statements (H) established for toxic substances by the Regulation (EC) no. 1272/2008.
The grid is shown in Table 9, where a 1 to 5 toxicity index (Itox) is considered (1 = very low; 5 = very
high). The use of a Likert scale [83], ranging from 1 (not important) to 5 (extremely important) is
quite common in qualitative assessment and its application in risk assessment is foreseen by the
ISO/IEC 31010 standard [84].

Table 9. List of the toxicity levels based on Regulation (EC) no. 1272/2008.

Code Hazard Statement Toxicity Index (Itox)

H302 Harmful if swallowed

1
H319 Causes serious eye irritation
H335 May cause respiratory irritation
H315 Causes skin irritation

EUH066 Repeated exposure may cause skin dryness or cracking

H332 Harmful if inhaled

2
H312 Harmful in contact with skin
H301 Toxic if swallowed
H314 Causes severe skin burns and eye damage
H318 Causes serious eye damage

H331 Toxic if inhaled

3
H300 Toxic in contact with skin
H317 May cause an allergic skin reaction
H336 May cause drowsiness or dizziness

H330 Fatal if inhaled

4

H310 Fatal in contact with skin
H334 May cause allergy or asthma symptoms or breathing difficulties if inhaled
H361f Suspected of damaging fertility

H360Fd May damage fertility. May damage the unborn child
H362 May cause harm to breast-fed children
H304 May be fatal if swallowed and enters airways
H371 May cause damage to organs
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Table 9. Cont.

Code Hazard Statement Toxicity Index (Itox)

H373 May cause damage to organs prolonged or repeated exposure

5

H370 Causes damage to organs
H351 Suspected of causing cancer
H372 Causes damage to organs through prolonged or repeated exposure

H360F May damage fertility
H340 May cause genetic defects

H360D May damage the unborn child

In the grid both hazard statements (H) and supplemental hazard statements relating to particular
physical and health properties (EUH) were included: they were selected considering the pesticides
most used in Italy. From the practical standpoint, it is worth noting that most of the products available
on the market present more than one hazard statement. Hence, when carrying out the risk assessment,
the value given to the product is established based on the highest score of the toxicity index.

4.2.3. Definition of the Risk Level

The estimation of the risk level (RE) is performed combining the possible exposure level (Iexp) and
the toxicity index (Itox) by means of the following equation:

RE = Iexp × Itox (3)

The output of the second phase consists in the classification of the exposure risk level based on the
criteria exposed in Table 10: the definition of the different levels’ ranges are based on the suggestion
provided by the ISO/IEC 31010 technical standard [84] for the implementation on the risk matrix.

Table 10. Levels of the exposure risk (RE).

RE Level Meaning

≤15 I Acceptable level of exposure risk
16–60 II Medium level of exposure risk
61–150 III High level of exposure risk
≥151 IV Unacceptable level of exposure risk

4.3. Improvement Options

Based on the results obtained in the second phase, and the levels of risk pointed out, the next
phase of the evaluation consists in the definition of the need of risk management options addressed at
reducing the risk to acceptable values. In Table 11 the main preventive interventions which can be
done by the company are shown.

Table 11. Improvement measures depending on the exposure risk’s level.

Exposure Risk Level (RE) Improvement Measures

Level I No additional interventions are required.

Level II
Update information and training activities; verify the adequacy and the condition of PPE. Verify
the adequacy of the pesticides used.

Level III

Update information and training activities; verify the adequacy and the condition of PPE. Verify
the adequacy of the pesticides used and the possibility of selecting less hazardous products,
providing specific biological/environmental monitoring.
Verify the adequacy and the condition of the pesticide application equipment and its maintenance
operations. Update the operative procedures and instructions and carry out a new
risk assessment.

Level IV

The adequacy of the pesticides used needs to be verified and the use of less hazardous products
should be considered. A specific biological/environmental monitoring, as well as the operators’
health surveillance have to be implemented. Verify the selection of PPE and its condition as well
as the adequacy of operative procedures and instructions. Verify the adequacy and the condition
of the pesticide application equipment and its maintenance operations.
Carry out a new risk assessment.
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Once the preventive/protective measures are put into practice, the level of the exposure risk has
to be assessed again in order to verify the levels of risk anticipated after the intervention. It is worth
noting that the advantage of this approach is that the risk is assessed before the application, and the
application is done only when it has been proved the absence of an unacceptable risk.

Following the provisions of the OHS legislation, this information has to be documented in a
proper risk assessment file concerning each type of pesticide used by the company. If the company uses
more than one pesticide, the whole procedure described in the previous sections has to be applied for
each product. Hence, the proper preventive/protective interventions have to be defined considering
all the information collected, i.e., the overall risk assessment activities described in this section.

5. Case Study

In order to validate the proposed approach, we carried out, in collaboration with an Italian
company engaged in olive oil production, an “in-field study”. In particular, we considered a field of
about 2 hectares, where 210 olive trees are cultivated (Figure 2).

 
Figure 2. Aerial photo of the field.

5.1. Preliminary Assessment

The typical pathologies that can affect the olive trees and their fruits in the area where the
company’s fields are located (middle part of Italy) are the olive fly (Bactrocera or Dacus oleae) and the
so-called “olive peacock spot” (Spilocaea oleaginea), which are quite common in olive cultivation [85].
More in detail, considering the number and the dimensions of the trees, as well as the characteristics of
the field, the following products are used by the company:

• Product “A” against the “olive fly”: a synthetic pyrethroid is used, whose active principle is based
on the presence of deltamethrin (whose concentration derived from the SDS is 1.51 %). As far
as the quantity of product is concerned, the use of 0.9 L of pesticide was estimated for 1000 L of
water (i.e., the company uses 0.45 L of product A per hectare). The re-entry time is fixed in 3 days
after the treatment.
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• Product “B” against the “olive peacock spot”: a copper compound is used, i.e., a tribasic copper
sulfate (whose concentration derived from the SDS is 24%). The needed quantity was estimated
in 3.0 L per 1000 L of water (i.e., the company uses 1.5 L of product B per hectare). The re-entry
time is fixed in 20 days after the treatment.

The sprayer used for the application is a tractor-mounted mist blower for medium volume air
treatment with a capacity of 500 L. Thus in both cases it has to be used twice. The tractor is equipped
with a non air-conditioned cabin. As far as the treatments’ schedule is concerned, both of them are
applied in a 1 day working shift.

All the requisites of the conformity checklist (Appendix A) were verified positively: in particular,
the three operators attended the specific training, holding the certificate of competence as professional
pesticide users. One of them has 1 year of experience, while the other two have more than 5 years.
Hence, in the assessment the case of the first one is considered. The PPE was considered adequate to
the type of substances used and resulted in good condition.

5.2. Evaluation of the Possible Exposure Level

Two different assessments were done, for each of the two products used by the company.
In particular, the evaluation of the possible exposure level related to both the product “A” and
“B” are summarized in Table 12. In detail, for both products the scoring related to the considered
surface (SURF) is equal to 0.5 (as per values indicated in Table 4), while for the estimation of DOSE
we assumed that the specific weight of the formulation is roughly that of water (1 L = 1 kg). Then,
following the criteria exposed in Table 4, in both cases the DOSE = 2.

Table 12. Scores related to the calculation of the possible exposure level.

Code Product “A” Product “B”

1. MIX

1.1 LOAD 1 1
1.2 CONC 0.5 0.5
1.3 COMP 1 1
1.4 tM 0.042 (20 min) 0.042 (20 min)

2. APPL

2.1 DOSE 2 2
2.2 SURF 0.5 0.5
2.3 BAR 4 4
2.4 TRACT 2 2
2.5 INT 0 0
2.6 EQUIP 0 0
2.7 tA 0.312 (2.5 h) 0.312 (2.5 h)

3. REPAIR
3.1 REPAIR 30 30
3.2 tR 0.125 (1 h) 0.125 (1 h)

4. REENTRY

2.1 DOSE 2 2
4.1 H/D 3 3
4.2 EARL 1.5 1.5
4.3 tRE 0.042 (20 min) 0.042 (20 min)

5. PPE 0.5 0.5

6. SKIL 0.5 0.5

7. FREQ 1 2

Iexp 2.036 4.073

Based on the criteria exposed in Table 8, both the potential exposure levels can be ascribed as
belonging the level 1, i.e., “very low level of possible exposure”. It has to be noted that in both cases
the re-entry activities were considered only once, when the operator has to refill the sprayer’s tank.
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5.3. Evaluation of the Toxicity Level

The analysis of the toxicity level of the pesticides used by the company is carried out based on the
information provided in their safety sheets (Table 13).

Table 13. Evaluation of the Toxicity Index of both products.

Code Hazard Statement Toxicity Index (Itox)

Product “A”
H302 Harmful if swallowed 1
H315 Causes skin irritation 1
H301 Toxic if swallowed 2
H318 Causes serious eye damage 2
H331 Toxic if inhaled 3
H317 May cause an allergic skin reaction 3

Product “B”
H302 Harmful if swallowed 1
H319 Causes serious eye irritation 1
H315 Causes skin irritation 1
H317 May cause an allergic skin reaction 3
H330 Fatal if inhaled 4
H372 Causes damage to organs through prolonged or repeated exposure 5

5.4. Evaluation of the Risk Level

Combining the possible exposure level and the toxicity level as per Equation (3), the exposure
risk level (RE) for both products was estimated (Table 14).

Table 14. Scores related to the calculation of the exposure risk.

Iexp Itox RE Level

Product “A” 2.0361 3 RE = 6.11 I
Product “B” 4.073 5 RE = 20.36 II

5.5. Improvement Options

While the risk level when using the product “A” resulted “acceptable” and no further
interventions are required, in the case of “B” the risk level is higher mainly due to the limited experience
of the younger operator. For this reason, additional training activities were foreseen, and the company
decided to assign the application of “B” only to the two more experienced operators. Consequently,
the risk index was reduced to RE = 10.18, reaching the level of acceptability. A further improvement
could be achieved providing a proper route in the orchard in order to avoid or reduce the exposure
time during the re-entry when the refill of the sprayer is needed.

6. Discussion

The results achieved were considered positively by the company since our approach allowed
them to perform a complete analysis, updating their risk assessment documents in a user-friendly
manner. Moreover, the checklist for the preliminary assessment was considered a useful tool for
monitoring the proper application of safety procedures.

From a more general perspective, the problem of providing tools that allow the estimation of
the risk of the exposure to pesticides, contributing to the definition of exposure limits and to the
prevention of the toxic effects on workers is widely discussed in the literature [1,67,81]. As a matter of
facts, the risk assessment related to the exposure to pesticides presents numerous variables, making
it a more complex task than when dealing with other types of hazards agricultural workers are
exposed to [28]. In such a context, the definition of a tool aimed at supporting safety managers in
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the documented preliminary risk assessment of working activities related to the use of pesticides
represents a narrow aspect of the problem, although the relevant impact it might have on the practical
needs of companies. In such a research niche, the present study can be considered a first attempt of
merging all the mandatory issues related to the use of pesticides in an easy-to-use procedure for the
correct implementation of OHS risk assessment activities.

In particular, our study is based on the results achieved in the epidemiological literature, together
with the provisions of technical guidelines and the experts’ opinions, translating them in an OHS
context. This result is in line with the research hints provided by Lichtenberg et al. [41] and Damalas and
Koutroubas [29]. To the authors’ knowledge this represents a novelty in context of the OHS literature.

The proposed algorithm constitutes a basis for a simplified risk assessment procedure
for the pesticides’ use and its implementation in a knowledge management system for risk
assessment activities [86] is currently being considered, as well as its implementation in an OHS
management system.

In addition, the current paper also aims at increasing the knowledge on the safe use pesticides.
Such a result, in line with the practical needs highlighted by Rijal et al. [87], provides a general
framework that integrates different disciplines and stakeholders.

Moreover, although the proposed approach is based on the requirements of the Italian legislation,
its general framework could be extended to other national contexts easily. As a matter of fact,
the preliminary characterization of exposure levels scenarios allows safety managers to better define
the potential damage and the evolution of hazard’s scenarios [88], supporting both the entrepreneur
and the appointed physicians in effectively perform the workers’ health surveillance (WHS) that is
mandatory in an OHS context in the EU countries [89].

Thanks to its simplicity and its task-based approach, the proposed methodology can be used also
as a reference framework to augment the operators’ knowledge and awareness on a safe behavior,
allowing the increase of all safety aspects within the company [90].

Beside these positive aspects, the study limitations have to be addressed as well. From a practical
point of view, we have to consider that the selection of the types of toxicity listed in Table 9 cannot
be considered exhaustive and a further analysis of possible toxicity typologies that can be found in
the pesticides available on the market nowadays should be carried out. The whole approach of using
hazard statements as a proxy of toxicity of substances needs validation, but any improvement in this
aspect would easily be implemented in the proposed method. It has to be noted that in the present
study the hazard statements related to the toxicity for the environment were not taken into account.
For instance, for both product “A” and “B” the statement H400 (very toxic to aquatic life) was listed
in the safety sheets. Since environmental concerns were not an objective of this study, an augmented
approach considering also these issues could be beneficial for a more holistic risk assessment. In such
a context, also the equipment’s cleaning operations should be included.

Furthermore, we also need to underline that improved solutions such as the so-called mass
trapping systems and bait sprays for the prevention of the olive fly were not considered in the study,
since the proper use of such solutions to define the reduction of pesticide use quantitatively requires
an expert’s analysis, which was not available when the case study was carried out. Nevertheless,
we are aware that the implementation and promotion of eco-friendlier solutions to replace the use
of hazardous substances is an important issue that needs to be investigated largely, as stressed by
Damalas and Koutroubas [91].

From a scientific perspective, the proposed approach needs validation, which should be carried
out by the parallel use of the proposed approach and environmental or biological monitoring to verify
the effectiveness of the proposed factors and weights. This can be beneficial for a more accurate
definition of the different weights’ ranges used for the computation of the various factors. Finally,
the type of results achieved through a single case-study as a research tool can be considered exploratory
and used to define new research questions and new understandings [92,93], but the findings’ external
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validity is limited by the sample concerned [94]. Accordingly, the application to different case studies
concerning other types of cultivations and hence of pesticides is necessary.

7. Conclusions

The paper illustrates a procedure for the risk assessment of activities related to the application
of pesticides, addressing the needs of farmers in complying with the recent legislative issues.
This approach is based on studies concerning the application of the AHS algorithm and the related
literature review [54,64,73]; through the integration of their findings with the provisions of technical
guidelines and experts’ opinion, a preliminary risk assessment framework that can be used at a
practical level to comply with the OHS legislation was defined.

The merit of this paper consists in the overall development of a tool for the preliminary
risk assessment, providing a simplified approach for its practical application. Our algorithm
aims at evaluating all the parameters that might influence the exposure to pesticides, providing
a qualitative result thorough the evaluation of a realistic situation. This supports the findings of
Acquavella et al. [95], highlighting the limitations of the risk assessment approaches based on passive
dosimetry in evaluating individual exposure situations effectively.

This study is at an initial step of implementation and the validation of the proposed approach
through biological monitoring is already planned. Thus, researchers and practitioners are also invited
to contribute to its further development.
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Working Equipment (Tractor) 

Type of tractor  

Verify the following items: (Y/N) Type and status 

ROPS    

PTO protection   

Cabin   

Is the tractor functionality safe and adequate for the working activities?  (Yes/No)  

Working Equipment (Sprayer) 

Type of sprayer  

Verify the following items: (Y/N) Date  

CE mark   

Periodical functional control   

Calibration    

Is the sprayer functionality safe and adequate for the working activities?  (Yes/No)  

Personal Protective Equipment (PPE) 

Type Aim 

Applicable Specify the type of PPE 

chosen (model, 

category, etc.) 

Quantity 

needed YES NO 

Protection of head Helmet     

Protection of eyes Safety spectacles, 

face-shields, etc. 

    

Protection of ears Earplugs, earmuffs, 

etc. 

    

Protection of hands Gloves     

Respiratory protective 

equipment 

Filtering face-pieces, 

masks, etc. 

    

Protection of body Boilersuits, chemical 

suits, etc. 

    

Protection of foots Shoes     

Is the selected PPE adequate for the type of working activities? (Yes/No)  

Is the selected PPE properly assigned to the operator/s? (Yes/No)  
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Is adequate information and training on the use and maintenance of PPE provided? (Yes/No)  

Training and Information of the Operators 

Training and information requirements  Name of the operator Date of the 

certificate 

Pesticides’ use  1.  

2.  

3.  

Tractor’s use 1.  

2.  

3.  

PPE use and maintenance 1.  

2.  

3.  

Is the training and information of the operators adequate for the working activities? 

(Yes/No) 

 

NOTE: If all the requirements are not satisfied, the company needs to apply the necessary preventive and protective 

measures to comply with them before carrying out the working activities. 
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Abstract: The present study seeks to demonstrate how Bayesian Network analysis can be used to
support Total Worker Health® research on correction workers by (1) revealing the most probable
scenario of how psychosocial and behavioral outcome variables in corrections work are interrelated
and (2) identifying the key contributing factors of this interdependency relationship within the
unique occupational context of corrections work. The data from 353 correction workers from a
state department of corrections in the United States were utilized. A Bayesian Network analysis
approach was used to probabilistically sort out potential interrelations among various psychosocial
and behavioral variables. The identified model revealed that work-related exhaustion may serve as a
primary driver of occupational stress and impaired workability, and also that exhaustion limits the
ability of correction workers to get regular physical exercise, while their interrelations with depressed
mood, a lack of work engagement, and poor work-family balance were also noted. The results suggest
the importance of joint consideration of psychosocial and behavioral factors when investigating
variables that may impact health and wellbeing of correction workers. Also, they supported the
value of adopting the Total Worker Health® framework, a holistic strategy to integrate prevention of
work-related injury and illness and the facilitation of worker well-being, when considering integrated
health protection and promotion interventions for workers in high-risk occupations.

Keywords: correction workers; stress; exhaustion; psychosocial and behavioral factors; Bayesian
Network; Total Worker Health®

1. Introduction

Correction workers work under psychologically and physically demanding conditions [1–3]. They
are frequently exposed to unexpected hold-over shift work that may result in circadian disruption,
sleep loss, and increased fatigue. Also, correction workers experience constant threat of inmate assaults
and riots, which can be emotionally draining due to hyper-alertness and anxiety [4]. Moreover, working
conditions in the correctional setting are known to be associated with numerous types of health and
performance outcomes, including immediate outcomes, like exhaustion and psychological distress, as
well as more distant outcomes, like job dissatisfaction and impaired work ability [5]. According to the
U.S. Department of Justice, correction workers, including correctional officers and administrative and
support staff, are at higher risk of suicide, substance abuse, and divorce, while their mortality rate is
the second highest of any occupation [6]. High turnover rates have also been reported [7].

The negative impact of demanding correctional work on correction workers’ wellbeing can be
explained by the classic stress-burnout model [8,9]. Adverse working conditions of correctional
work act as stressors causing stress. These stressors lead to psychophysical strain symptoms, such as
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various forms of psychophysical burnout. Echoing this, empirical studies on correction workers have
shown significant relationships between overwork and stress [8,10]. Also, studies have revealed that
correction workers’ stress is associated with burnout [8,11] and somatic symptoms [7].

These phenomena can also be understood within theoretical frameworks of the Job
Demands-Resources model [12]. Exposure to the physically and psychologically demanding
correctional working conditions with a lack of adequate resources is likely to deplete correction workers’
psychological resources for socially adaptive and physically healthy self-regulatory behaviors [13].
Thus, correction workers’ demanding work conditions can lead to exhaustion, which may then
negatively influence healthy behaviors as well as socially adaptive behaviors. Additionally, Wright
and Cropanzano showed that emotional aspects of exhaustion, which can be manifested in different
forms, such as depression and stress, can undermine job performance [14].

In general, the negative impacts of demanding work conditions and subsequent psychophysical
strain can be both extensive and derivative. Recent studies have shown various complications of stress.
For example, stress can contribute to increased risk of cardiovascular diseases [15], while burnout, as an
outcome of extended exposure to stress, can be associated with impairment of psychological resources,
such as emotional intelligence and self-efficacy, as well as loss of social support [16]. Moreover, it was
shown that burnout can negatively affect well-being at work, resources for coping, ability to work, and
engagement [17]. Considering these findings, it can be inferred that specific adverse effects on workers’
health in general (e.g., illnesses, psychological problems, obesity, etc.) are further compounded
by compromised family health (e.g., marriage dysfunction, problematic children’s behavior) and
employer dissatisfaction (e.g., due to declined performance, increased health care costs). In corrections,
work-related stress can lead to increased absentee rates, internal conflict, and suboptimal employee
performance [18], all which may have reciprocal adverse influences on the work environment.

Our study attempts to elaborate the Job Demand-Resource model, which primarily focuses on
stressors’ impact on stress outcomes (strains), by examining the interrelations among the potential
stress outcomes that are typical for correction workers. Our view is that the various stress outcomes
do not simply occur in parallel, but instead are able to have synergistic effects when they occur in
combination, in line with the view that stressor-strain relationships can be reciprocal [19,20]. Chronic
exposure to the occupational context of correctional facilities, with its high demand that also lacks
control or support, is likely to lead to various psychosocial and behavioral stress outcomes. In fact,
Tennant found that enduring structural occupational stress can contribute to psychological disorders,
like depression [21]. When confronted with different types of strain symptoms, one’s resources, which
are always limited in the case of correction workers, need to be used to cope with the extant symptoms
first, whilst one’s resources may not be adequately restored in a timely manner in order to respond to
the emergence of additional strain symptoms. Subsequently, one’s strain symptoms are likely to be
exacerbated as more problems arise and as resources become more and more depleted.

The process of resource depletion is particularly concerning in situations in which strain symptoms
are not simply end products but operate as derivative or secondary demands (or stressors). As various
strain symptoms negatively affect a person in different ways when they are either within or outside
the workplace, this suggests a person needs resources, including increased control and support, both
within and outside the workplace to handle multiple strain symptoms. This inference aligns with the
perspectives of Spillover Theory [22], as well as Conservation of Resources Theory [23]. Furthermore,
when there is a lack of adequate resources, the stress-burnout process would accelerate because of the
synergistic impact of multiple strain symptoms on resource depletion.

Our study explores the possible derivative or secondary role of strain symptoms as additional
stressors. By doing so, the domains of stress intervention are also broadened from focusing exclusively
on traditional stressors to also include strain symptoms themselves. This approach is not unlike
secondary (i.e., reducing the impact of an injury and disease that has already occurred) or even tertiary
(i.e., mitigating the impact of an ongoing injury and illness which has lasting effect) intervention
approaches found in medical science and public health [24]. The dire implications of doing nothing
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to prevent any worsening or exacerbation of the health situation for correction workers was also a
motivating factor.

1.1. Socio-Technical Systems Framework and Total Worker Health® Paradigm

The present study is based on a socio-technical systems framework which recognizes the
interactions between behavior and the design of work system components and their potential to
promote workers’ health and safety [25,26]. Specifically, key principles of joint causation within the
socio-technical systems framework [26] provide the rationale for examining the interplay among the
organizational (i.e., workability, disengagement), social (i.e., work-family balance), psychological (i.e.,
stress, exhaustion, depression), and behavioral strain symptoms (i.e., limited physical exercises) in
relation to the unique occupational context of correctional work. Understanding the interrelatedness
of these various attributes can help in efforts to achieve compatibility of the work system’s elements
and goals in order to promote better organizational performance as well as employee safety, health,
and wellbeing [27,28].

Socio-technical systems approaches emphasize contextual factors whenever relationships are
examined among a specific set of variables used to represent the inherent complexity of the workplace.
In this regard, the socio-technical systems approach represents a holistic approach that is consistent
with the Total Worker Health® framework being advanced by the U.S. National Institute for
Occupational Safety and Health (NIOSH) [29]. NIOSH defines Total Worker Health as “policies,
programs, and practices that integrate protection from work-related safety and health hazards with
promotion of injury and illness prevention efforts to advance worker well-being” [30]. Researchers
and practitioners seeking to advance the Total Worker Health agenda are moving beyond conventional
health protection and health promotion approaches by undertaking more comprehensive assessments
of the health, safety, and wellbeing of workers, and also to design and test more integrated workplace
interventions [31].

According to the socio-technical systems framework, how correction workers deal with the
unusually demanding occupational conditions in corrections will be a key determinant of how this
adversely impacts them. For example, working conditions in corrections may make it harder for
correction workers to balance work and personal life. Subsequently, unique patterns of negative
spillover effects [32] can be anticipated to impact both the psychosocial and behavioral states of
correction workers, such that a disrupted work-family balance may exacerbate one’s depression,
stress, healthy eating, regular exercises, engagement to work, and workability. Meanwhile, the Total
Worker Health paradigm speaks to the importance of integrated efforts both within (e.g., management
commitment, working environment improvement) and outside the workplace (e.g., support from home
and community) in order to effectively manage the adverse impact of the stressful work environment
of corrections.

1.2. Analytic Approach: Bayesian Network Analysis

Bayesian Network analysis examines the relationships among variables based on their joint
probability [33]. It utilizes machine learning algorithms that can efficiently cope with the uncertainty
and complexity of component interactions within a system as a whole [34]. Bayesian Network analysis
offers a network diagram (directed acyclic graph), which consists of nodes and arrows. The nodes
are random variables that may consist of observed continuous or categorical quantities, or even
latent variables. The arrows (i.e., edges or arcs) indicate probabilistic relationships. If two nodes are
connected with an arrow, this suggests that the two nodes are conditionally dependent.

Bayesian Network analysis is efficient in examining the interactions of all system components
included in the model, when individual, organizational, and physical factors co-exist and can
jointly contribute, and this has the potential to provide valuable insights on the determinants of
employee safety and health outcomes. This approach is remarkably suitable to socio-technical systems
approaches, which emphasize the importance of examining the interplay among various system
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components in order to optimize their functioning for a healthy and sustainable workplace. The
structural learning algorithm of Bayesian Network analysis is a type of greedy search algorithm [35],
and this approach enables investigation of every possible structural association among selected
variables to estimate the most probable model that satisfies the model selection criteria of a particular
learning algorithm.

Moreover, Bayesian Network analysis is less susceptible to multicollinearity problems [36]. By
leveraging the inter-correlations among variables, Bayesian Network analysis provides conditional
probability distributions for the dependent relationships of study variables. A complex system can
thus be viewed in a modular way by “breaking down the discovery process into the search for the
specific components of a complex system, and thus avoiding . . . multicollinearity” (p. 59) [37].

Bayesian Network analysis has been successfully applied in various settings that require
quantitative modeling of complicated relationships among many variables, such as in genetic modeling
and disease diagnosis [37]. Also, the Bayesian Network approach has already been used to unveil
the mutual relationships among various organizational and psychosocial factors regarding stressors,
stress, and strain in workplace. Specifically, more task demands were associated with more stress
at work [38], while social support from both supervisors and co-workers was critical in workplace
stress prevention [39]. All things considered, Bayesian Network analysis is therefore well suited to
investigate complicated interrelationships among multiple psychosocial and behavioral outcomes
of stress.

In summary, it is worth noting that there has been no scientific study which integrates the
conceptual framework of Total Worker Health and the machine learning analytic framework as a
means to promote workplace health and well-being. No publication was found under the keywords
search of “Total Worker Health” and “machine learning” in PubMed and PsycINFO. To address
this gap, the present study adopted the Total Worker Health framework and Bayesian Network
analysis approach (1) to reveal the most probable ways that psychosocial and behavioral outcome
variables in corrections work are interrelated, and (2) to identify the key contributing factors of this
interdependency relationship within the unique occupational context of correctional work.

2. Method

2.1. Participants

Paper-and-pencil surveys were distributed at the correctional facilities with high (level 4) to
highest (level 5) security. The data from 353 employees at the Connecticut Department of Correction
was obtained from a study conducted by the Center for the Promotion of Health in New England
Workplace (CPH-NEW), a NIOSH center of excellence for Total Worker Health. In return for completing
the survey, monetary incentives were offered. Mean age of the sample was 42.84 (SD = 9.72) and 74.6%
were males. Average job tenure was 11.96 yrs (SD = 6.46). In terms of ethnicity, 71.5% were white,
15.8% were black, and the remaining 12.7% included Hispanic, Asian, and others. The vast majority of
the study participants were correctional officers (70.5%), followed by support staff, which included
administrative staff, maintenance staff, food service staff, teachers, chaplains (11.7%), counselors (5.7%),
medical staff (4.6%), lieutenants (4.3%), and others (3.2%). In general, the present study’s participants
were not considerably different from the correction workers from previous studies [40,41] in terms
of their demographic characteristics, such as mean age, proportion of male workers, and average
job tenure.

The total number of correction workers at the two correctional facilities in the present study was
862, and the number of total respondents in the final data set was 353 after removing the cases of
incomplete responses (i.e., more than 50% missing responses to survey; no response to the key study
variables), suggesting that the minimum response rate was 41.0%. This response rate might be partly
explained by the fact that correction workers often engage in shift work, are already dedicating a high
degree of their attention to the volatile and dangerous environments they work in, and experience
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high level of fatigue from this demanding work, all of which contribute to their lack of availability and
interest in participating in scientific studies. It can be noted that extant research on correction worker
samples reports similar response rates of 37% [40] and 43% [42].

2.2. Measures

Psychosocial and behavioral variables judged to be potential responses to stressful and demanding
working conditions were selected for Bayesian Network modeling. Physical assessment variables such
as systolic/diastolic blood pressure, waist circumference, hand grip strength, and body mass index
were excluded because the primary focus of the present study was on psychosocial and behavioral
factors of correction workers. Also, bio-physiological factors were excluded as they were more relevant
to chronic disease, having indirect long-term negative effects across the lifespan.

2.2.1. Exhaustion

Work-related fatigue and exhaustion were assessed with three items adopted from the Burnout
scale [43] and a 1–7 response scale (1: strongly disagree, 7: strongly agree). A sample item was; “After
work, I have enough energy for leisure activities (reverse scored)”. Internal consistency was satisfactory
with α = 0.70 [44].

2.2.2. Disengagement

Correction workers’ perception of disengagement from their work was assessed with the two
items adopted from the Burnout scale [43] and a 1–7 response scale (1: strongly disagree, 7: strongly
agree). The items were; “More and more often I talk about my work in a negative way” and “Sometimes
I feel really disgusted with my work.” Internal consistency was satisfactory (α = 0.82).

2.2.3. Depression

Depressed mood was measured with the 10 items of the Center for Epidemiologic Studies
Depression Scale [45]. All items had a 1–4 response scale (1: rarely or none of the time, less than 1 day
per week, 4: all of the time, 5–7 days per week). An example item was; “I was bothered by things that
usually don’t bother me.” Internal consistency was satisfactory (α = 0.76).

2.2.4. Stress

A slightly adapted single-item version of the Stress in General Scale, which was shown to be valid
by Stanton et al. [46], was utilized to assess stress. The item “On average, how stressful is your work?”
had a 1–5 response scale (1: not at all, 5: extremely).

2.2.5. Limitations to Regular Physical Leisure Exercise

Based on a series of focus group meetings with correction workers, and brainstorming with
subject matter experts in psychophysical health, such as medical doctors, epidemiologists, ergonomists,
as well as psychologists, a list of specific psychosocial and behavioral factors that are associated with
workers’ motivation and engagement to physical exercises was created by the CPH-NEW research
team [47]. Using a yes-no answer format, 12 factors that limit correction workers’ ability to get regular
physical exercise were evaluated. Example items included “Fatigue or need to schedule sleep,” “Pain
in joints or muscles,” and “Overtime or shift work.”

2.2.6. Work–Family Balance (Work to Family and Family to Work Conflict)

Perceived level of conflict between demands from work and family was assessed with four items
based on a 1–4 response scale (1: never, 4: always). The items were adopted from the questions used
by Frone et al. [48]. An example item was “How often do things going on at work make you feel tense
and irritable at home?” Internal consistency was satisfactory (α = 0.75).
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2.2.7. Workability

The Work Ability Index [49] was utilized to assess the correction workers’ perceived ability to
perform their work. The index consists of four items that are calibrated on a 0–10 response scale (0:
cannot work, 10: work at best). An example item was “How many points would you give your current
ability to work?”. Internal consistency was satisfactory (α = 0.91).

2.3. Analysis

Bayesian Network modeling was performed with GeNie [50], which is freely accessible to
researchers and practitioners. The study variables were all discretized into five equal intervals by
percent distribution (i.e., 0–20%, 21–40%, 41–60%, 61–80%, and 81–100%) in order to allow consistency
in making interpretations and to simplify the probabilistic dependency relationship between all
possible study variable pairs. By doing so, the strength of the probabilistic link between two variables
X and Y is defined as the chance of the specific state of Y (e.g., top 20 percentile) given the specific
state of X (e.g., bottom 20 percentile) in the identified Bayesian Network model. Furthermore, the
presumption is that a randomly-selected response category will be correct 20% of the time by chance
(i.e., one correct response out of five response options). Thus, if the classification accuracy of each
study variable’s state based on the Bayesian Network model is substantially greater than 20% (and
closer to 100%), it can be concluded that the model is valid.

In the Bayesian Network analysis framework, “learning” represents successful estimation of
probabilistic parameters and structure. After first randomly selecting half of the data (n = 182, 51.6%),
a Bayesian Network model was learned without any prior assumptions about the interrelations among
the interested psychosocial and behavioral factors. This enabled the modeling process to be completely
data driven. Specifically, the “learn parameter” function of GeNie [50] was utilized; it is based on an
expectation maximization (EM) algorithm with random restarts. EM is an iterative “hill-climbing”
algorithm, which attempts to maximize the expected log likelihood of the probabilistic model [51,52].
It is one of the most widely used Bayesian Network learning techniques, and is particularly useful
when data is incomplete (i.e., missing values) or when hidden variables are assumed.

The identified Bayesian Network model (learned with the first half of the data) was validated
by testing the variables’ state classification accuracy using the second half of the data (n = 171,
48.4%). Specifically, leave-one-out (LOO) cross-validation was utilized because it does not waste any
data points in contrast to other cross-validation approaches (e.g., k-fold cross-validation). The LOO
cross-validation attempts to answer how accurately the learned Bayesian Network model predicts the
state of a left-out data point given the second data set minus one data point. Accuracy is computed as
the percent of correct predictions, which can be compared with the minimum accuracy level, referred
to as the random classification accuracy [53].

2.4. Ethical Approval

All subjects gave their informed consent for inclusion before they participated in the study. The
study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved
by the Internal Review Board (IRB) of UConn Health (IE-13-033S-2).

3. Results

3.1. Bayesian Network Model Specification

Descriptive statistics of the study variables as well as their inter-correlations are presented in
Table 1. Bayesian Network model was “learned” to reveal the mutual dependence of the seven
psychosocial and behavioral factors. The final Bayesian Network model is presented in Figure 1. This
model represents the most probable scenario of how these factors are jointly associated with the health
and well-being of correction workers.
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Figure 1. Final Bayesian Network model: the most probable scenario of the potential negative outcomes
of correctional work. notes: W-F balance = Work-Family balance (work to family and family to work
conflict); Exercise Limit = Limitations to regular physical leisure exercise.

3.2. Validation of the Bayesian Network Model

In the final Bayesian Network model, the accuracy of the study variables’ state classification
was well above the random classification level (in the present study, 20%), suggesting acceptable,
but somewhat less than optimal, model validity. The specific classification accuracies were: 31.0%
(3.7–65.9% across the states) for exhaustion, 35.7% (12.5–63.2% across the states) for disengagement,
27.5% (0–46.7% across the states) for stress, 41.5% (4.5–74.5% across the states) for depression, 56.1%
(0–72.4% across the states) for work-family balance, 38.6% (0–66.7% across the states) for limitations to
regular physical leisure exercise, and 40.9% (0–66.1% across the states) for workability. These accuracy
levels were all greater than the random state, even though variations were detected across different
states of each study variable. Relatively low accuracy levels for particular states of the study variables
were primarily due to small observations for these particular states of the study variables, either in the
learning or validation data sets.

3.3. Conditional Probabilities

The final Bayesian Network model suggested that work-related exhaustion may lead to derivative
occupational stress as well as a loss of workability, and that work-related exhaustion also limits
a correction worker’s ability to get regular physical exercise. These three outcomes (i.e., stress,
workability, and limitations to regular physical leisure exercise) were also consistently interrelated
with the psychosocial factors of depressed mood, disengagement, and lack of work-family balance.
Particularly, depressed mood served as an important “hub factor”, being directly related to most of the
study variables. The likelihood of having a high (top 20 percentile) depressed mood increased from 6
to 38% as the level of work-related exhaustion changed from low (bottom 20 percentile) to high (top 20
percentile). The likelihood of having poor (bottom 20 percentile) workability increased from 4% to 48%,
as the level of depressed mood increased from low (bottom 20 percentile) to high (top 20 percentile).
The likelihood of having poor (bottom 20 percentile) ability to get regular physical exercise increased
from 4 to 17%. Graphical representation of the study variables’ conditional probability distribution
based on the final Bayesian Network model is presented in Figure 2.
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P (Depression|Exhaustion) P (Disengagement|Exhaustion)

P (Exercise Limit|Depression) P (Work Family Balance|Exhaustion)

Figure 2. Conditional probability distribution based on the data-driven final Bayesian Network model.
Notes: P(Y|X) = conditional probability of Y given X (i.e., probability of a particular state of Y given
the particular state of X); Exercise Limit = Limitations to regular physical leisure exercise.

The establishment of a final model permits the simulation of many different “what if” scenarios,
allowing the researcher to explore any revealed relationship in greater detail. In the present study,
the probabilities of correction workers’ stress, workability, and limitations to regular physical leisure
exercise were calculated for two specific situations: (1) when other variables, such as exhaustion,
disengagement, depression, and work–family balance are at their poorest (worst case scenario), and
(2) when these same variables are optimal (best case scenario). As expected, the more desirable states
of these variables—low stress, high workability, and reduced limitations to regular physical leisure
exercise—were much more probable in the best case scenario than in the worst case scenario (Table 2).

Table 2. Probabilities at the Simulated Worst and Best Scenarios.

Outcome Variables At Worst Scenario At Best Scenario

Exercise Limit Low (Bottom 20 percentile) = 20% Low (Bottom 20 percentile) = 49%
Workability High (Top 40 percentile) = 1% High (Top 40 percentile) = 89%

Stress Low (Bottom 20 percentile) = 3% Low (Bottom 20 percentile) = 52%

Notes: Low = Bottom 20 percentile; High = Top 20 percentile; Exercise Limit = Limitations to regular physical
leisure exercise.

4. Discussion

Psychological and physical health problems and concerns are diverse and prevalent among
correction workers. In order to reveal the interplay among potential outcomes within their unique
occupational context in a manner consistent with socio-technical systems approaches, the present
study adopted the Bayesian Network analytic framework because of its flexibility and efficiency
in exploring all possible interrelations among the study variables. Guided by well-established
frameworks for workplace stress mechanisms, including the Job Demands-Resource Model [12],
Spillover Theory [22,32], and Conservation of Resources Theory [23], study variables were selected
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based on assumptions about their potential interrelations. Subsequently, use of the data-driven
Bayesian Network approach identified a model showing a probable scenario in which correction
workers’ exhaustion had dominant influence over a chain reaction that significantly raised the risk
of several other negative psychosocial and behavioral outcomes. Correction workers’ exhaustion
was found to be associated with a lack of work engagement, depressed mood, and also interfered
with work-family balance. Additionally, increased disengagement was found to be associated with
work-related stress, while depressed mood was closely associated with less regular physical activity.
At the same time, depressed mood and work-family imbalance were jointly associated with reduced
work ability.

The results extend the previous finding of a close relationship between psychological distress
and work-family imbalance among correction workers [54]. The identified joint processes of how the
impact of exhaustion can be enhanced or mitigated by other factors also extends to previous findings
regarding the impact of exhaustion on depression, absenteeism, depersonalization, and reduced
personal accomplishment that were based on a French correctional officer sample [55].

4.1. Theoretical and Analytic Implications

First, the study findings complement relationships predicted by the Job Demands-Resource
Model. In this model, job demands that result in exhaustion can negatively impact worker engagement,
and this in turn is associated with work-related stress. Also, this model suggests that job demands
that are closely associated with exhaustion will be negatively associated with psychosocial (i.e.,
mood and work-family imbalance) and organizational behavior outcomes (i.e., work ability). These
same relationships were supported by the data-driven Bayesian Network model identified in the
present study.

However contrary to relationships posited in the conventional stress models, relationships
between stress to outcomes (i.e., engagement, workability) were not detected in the present study.
This may be partly explained by the fact that other factors, such as depressed mood and work-family
imbalance, were considered simultaneously along with the engagement and stress variables, speaking
to the importance of examining psychosocial variables in combination with occupational context
variables. Our findings indicate that the Job Demand-Resource Model may be a reasonable framework
to first approach occupational health and safety issues, but it is also important to account for workers’
adjustment to their particular work context, as is the case in the present study of correction workers.

Second, although a stress-to-burnout directional relationship has been widely accepted in previous
studies [8,9], the present study showed that burnout (i.e., exhaustion) may be associated with derivative
stress, which is subsequent to employee disengagement. In fact, there have been previous reports
that disengagement, which may be followed by burnout, leads to more stress in workplace [56] and
also a distressed mental state [57]. It should be noted that the finding here of a burnout-to-stress
relationship doesn’t necessarily reject the well-established causal link from stress to burnout, and also
that our findings were based on the unique context of correctional work for which well-established
causal linkages may not apply. Nonetheless, the results do suggest the need for adopting an unbiased
perspective on how stress may be exacerbated by burnout in a particular population of workers.
Within an autoregressive model framework [58], an outcome at one point in time can serve as a cause
at another future point in time, and this may also be the case for the reciprocal stress and burnout
relationship. Future studies could take a longitudinal approach to further examine the nature of the
causal mechanisms behind the stress-burnout relationship.

4.2. Practical Implications

The results support use of the Total Worker Health framework for considering a wide range of
factors impacting worker health and wellbeing. Integrated interventions that promote safety, health,
and well-being among correction workers appear to be warranted, given the complex interplay of the
psychosocial and behavioral factors reported on here. The results also suggest that taking steps to
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reduce the level of exhaustion in this working population may provide the most efficient way to reduce
depressed mood, interruption of work-family balance, and a lack of work engagement. These factors
were also shown to increase the risks of work-related stress, a reduction of regular physical exercise,
and lowered work ability. Continued failure to manage workers’ exhaustion would be ignoring an
apparent primary risk factor.

However, management of this primary risk factor may prove particularly challenging if there is
short staffing and also overtime requirements in an organization that functions 24/7 and that cannot
afford to be understaffed at any time. If work-related exhaustion cannot be avoided, then intervention
efforts can next focus on the proper management of workers’ depressed mood because this was also
shown to be strongly associated with the loss of work-family balance, increased negative attitudes
toward their job, and reduced workability. Establishing a hierarchy of risk factors and then selecting the
most attainable intervention is compatible with a participatory approach to intervention planning [28]
which aims at identifying and addressing workers’ needs and concerns that are most salient given
their present circumstances.

4.3. Limitations and Suggestions for Future Study

Some limitations of the present study need to be addressed in future research. Generalizability of
the findings is limited given the uniqueness and relatively small size of the sample. In particular, it
can be noted that only half of the data was utilized for Bayesian Network model learning, while the
remaining half of the data was utilized for the validation of the learned Bayesian Network model. Also,
the present study was cross-sectional, which did not allow examination of the dynamic relationships
among study variables across time. Moreover, the final Bayesian Network model’s accuracy level was
not at an ideal level, although it was found to be meaningfully above chance. To resolve this issue, a
larger sample can be used for Bayesian Network model learning to enable more robust and reliable
modeling. More data points generally ensure more reliable estimation of probability, particularly
when the probability is smaller. Also, future studies are needed to more clearly demonstrate the
distinct roles of job demands, job control, and support in the extended mechanisms affecting stressors,
stress, strain, and the exacerbation of the strain symptoms. The role of individual differences, such as
gender, age, and tenure in the interrelations among stress and stress outcomes can also be examined in
future studies.

5. Conclusions

The present study demonstrated the value of using a machine learning algorithm, like Bayesian
Network analysis, to explore the complicated interrelations among multiple psychosocial and
behavioral factors in a specific socio-technical work context, and the ways these interrelations may
be contributing to correctional officer health and wellness. Regardless of some limitations, like the
relatively small sample size for a machine learning approach and the use of cross-sectional data,
the findings of the present study suggest the importance of joint consideration of psychosocial
and behavioral factors when investigating variables that may impact the health and wellbeing
of correction workers. Moreover, the present study supported the value of adopting a Total
Worker Health framework with integrated intervention approaches as a means to benefit workers in
high-risk occupations.
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Abstract: Workers may sometimes do the same work, but differ in their risk of health-related
problems depending on whether the employment type is standard or non-standard. Furthermore,
even with similar job and employment types, there may be differences in risk factors for health-related
problems depending on sex. This study aimed to determine the prevalence of metabolic syndrome
(MetS) by employment type and sex using data from the Fifth Korean National Health and
Nutrition Examination Survey (KNHANES V) (2010–2012) and KNHANES VI (2013–2015) conducted
by the Korea Centers for Disease Control and Prevention. Overall, 9523 adult wage workers
(5523 standard workers and 4000 non-standard workers) aged ≥ 19 years were analyzed. To determine
MetS prevalence odds ratios according to employment type, logistic regression analysis was
performed disaggregated by sex. The prevalence of MetS significantly increased with age (p < 0.001),
being married (p < 0.05), current smoking status (p < 0.05), and high-risk drinking (p < 0.001)
among male subjects. The prevalence of MetS significantly increased among female manual workers
(p < 0.001), those with lower educational level and household income (p < 0.001). Non-standard
workers of either sex showed higher MetS prevalence than standard workers; only females
showed significant difference (p < 0.001). Female non-standard workers showed 1.44, 1.33,
and 1.34 (all p < 0.001) times higher odds of MetS prevalence in Models 1, 2, and 3, respectively,
compared to standard workers, suggesting a difference in risk factors of MetS according to sex. Also,
that employment type affects MetS prevalence suggests that employment pattern is an important
risk factor especially in females. Therefore, to manage MetS in female non-standard workers,
individual health care as well as social effort may be necessary.

Keywords: non-standard work; metabolic syndrome; Korean workers; socioeconomic status; sex

1. Introduction

Since the 2008 financial crisis, economic uncertainty has persisted throughout the world and this
has resulted in continual job instability [1]. In Korea, unstable jobs such as non-standard employment
began to emerge during the International Monetary Fund (IMF) economic crisis in 1997, and this trend
has continued to this day [2]. Non-standard workers are mostly employed under working conditions
with low wage levels and are treated differently regarding wages, including incentives and welfare
benefits [3]. In addition, many non-standard workers have more than one job due to the low wages,
and work during the weekend or late [4]. Long work hours, irregular lifestyle, and high risk of job stress
exposure among non-standard workers seriously threatens their health and safety [4,5]. Long working
hours or high occupational stress cause short-term problems such as stress, fatigue, lack of sleep,
smoking, excessive drinking, and lack of exercise, leading to long-term problems such as digestive
diseases, urogenital diseases, musculoskeletal diseases, and mental diseases [6]. The abovementioned
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short and long-term problems may individually threaten the health of workers, and various problems
may be combined, resulting in chronic diseases.

Recently, the prevalence of metabolic syndrome (MetS) is rapidly increasing worldwide. The risk
factors for MetS include aging, physical inactivity, Western diet, sedentary work, long working hours,
and high occupational stress [7]. In other words, lifestyle and socioeconomic status are important
risk factors for MetS [8]. The factors associated with MetS are closely related to cardiovascular risk
factors or diabetes, including abdominal obesity, triglyceride levels, high-density lipoprotein (HDL)
cholesterol levels, hypertension, and fasting plasma glucose levels [9]. Risk factors for MetS can be
controlled and prevented through appropriate management. However, many non-standard workers
are exposed to multiple risk factors regarding improper health management due to lack of money
and time. In recent years, many studies have examined the differences among various occupational
groups such as manual workers, non-manual workers, office workers, and firefighters concerning
the effect of socioeconomic status on MetS [8,10–12]. In previous studies, there was no consensus on
the association between job type and MetS prevalence. However, there was a consensus regarding
a difference in risk factors affecting MetS prevalence according to sex [11,13,14]. However, even if
they have the same occupation, health-related characteristics of workers may differ depending on
whether the employment is standard or non-standard. Nevertheless, little research has been done on
the difference in MetS prevalence according to employment type. Therefore, in this study, we aimed to
determine the prevalence of MetS by employment type and by sex.

2. Materials and Methods

2.1. Subjects

This study used raw data from the Fifth Korean National Health and Nutrition Examination
Survey (KNHANES V) (2010–2012) and the KNHANES VI (2013–2015) conducted by the Korea Centers
for Disease Control and Prevention. A stratified multistage cluster probability sampling design was
used to select representative samples of denormalized Korean civilians. A trained investigator visited
subjects’ homes directly for the standardized health evaluation and with a questionnaire. In order
to assess the association between MetS and full-time employment, we used data regarding wage
worker subjects aged 19 years or older with employment status. From 2010 to 2015, the final 9523
(5523 standard and 4000 non-standard) workers met the inclusion criteria, out of 48,482.

2.2. Definition of Variables

2.2.1. Metabolic Syndrome

The definition of MetS was based on the National Cholesterol Education Program Adult Treatment
Panel (NCEP ATP III) criteria, in which three or more of the following five risk factors were considered:
(1) abdominal obesity(defined for Koreans as a waist circumference of ≥90 cm in males and ≥85 cm
in females); (2) triglyceride level ≥ 150 mg/dL; (3) HDL cholesterol level < 40 mg/dL in males and
<50 mg/dL in females; (4) systolic blood pressure ≥ 130 mmHg or diastolic blood pressure ≥ 85 mmHg;
and (5) fasting plasma glucose level ≥ 110 mg/dL [15].

For the measurement of waist circumference, the subject was allowed to comfortably rest his/her
arms on his/her waist while looking forward with his/her bare skin exposed. The lower end of the
last palpable rib and the upper points of the iliac crest on both sides were measured in the subject’s
midaxillary line. The subjects were asked to exhale; the tape was then pulled to such a point that the
skin was not pressed, and measured to one decimal place. Fasting blood glucose, HDL cholesterol,
and triglyceride levels were measured from blood samples. Blood pressure was measured using a
mercury sphygmomanometer. Prior to blood pressure measurement, subjects rested for 5 min; then the
blood pressure was measured once. They then rested for 30 s and the blood pressure was measured
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again. The average value was calculated from the two measurements. All measurements were made
in accordance with the National Health and Nutrition Examination Guidelines.

2.2.2. Job-Related Variables

In the sixth survey (2013–2015), we distinguished between standard and non-standard workers
using the variable “whether standard worker (EC_Wht_0)”. However, no similar variable existed
in the fifth survey (2010–2012) to confirm the standard worker status. Thus, standard and
non-standard workers were distinguished using the variables “working hours (EC_WH)” and
“employee status wage workers (EC_STT_2)”. Standard workers were defined as “full-time and
regular” workers. Non-standard workers were defined as “full-time and temporary”, “full-time
and daily”, “hourly and regular”, “hourly and temporary” or “hourly and daily workers” [16–18].
Non-manual and manual workers complied with the job classification of the Korean Standard
Classification of Occupations [18,19]. Those classified as non-manual workers were managers,
professionals, technicians, sales, and service workers. Those classified as manual workers were
those engaged in agriculture, forestry, fishery, manufacturing, construction, mining and soldiers.

2.2.3. Lifestyle-Related Variables

Smoking status was classified as current smoker, ex-smoker, and non-smoker. Ex-smoker referred
to a person who had smoked in the past but did not currently smoke, and a non-smoker referred to
a person who had never smoked. Drinking was classified into high risk, moderate, or non-drinking.
In Korea, high-risk drinking is defined as drinking more than 13 standard servings for men and over six
standard servings for women on a weekly basis [20]. High-risk drinking was used in reference to males
and females who drank more than 2–3 times in a week with more than 7–9 servings at a time and more
than 5–6 servings, respectively, at a time. In 2014 and 2015, physical activity was confirmed using the
practice rate of “aerobic physical activity”. In the data before 2013, there was no variable for the practice
rate of “aerobic physical activity”, “high-intensity physical activity time” and “moderate physical
activity time” were calculated according to the guideline on “aerobic physical activity practice rate”.
The “aerobic physical activity rate” guideline set the moderate physical activity for a week at more
than 150 min, or the high-intensity physical activity at 75 min or more, or the previous two physical
activities for a considerable amount of time. The denominator was set as the total number of subjects
aged 19 years or older. High-intensity physical activity at 1 min was calculated as 2 min of moderate
physical activity. Body mass index value was derived from the “anthropometric measurements”.
Stress was confirmed in four stages: “I feel stressed very much”, “I feel stressed a lot”, “I feel stressed
a little” and “I rarely feel stressed”. Depression was identified as a current disease.

2.2.4. Sociodemographic Characteristics

The sociodemographic characteristics of the subjects included age, educational level,
marital status, and household income level. Educational level is divided into “elementary school”,
“middle school”, “high school” and “≥university”. Marital status was classified into “married”
if “married” or “living together” but as “others” regardless of the reason, if not living together.
Household income level was divided into four stages from the first to the fourth quartiles.
Data regarding the area of residence were identified in the results from Seoul to Jeju.

2.3. Statistical Analysis

In this study, a composite sample analysis was performed using raw data from the National
Health and Nutrition Examination Survey, which was extracted using a two-stage stratified sampling
design, rather than a simple random sample design. Stratification and cluster variables were applied
and the composite sample design was conducted by applying the questionnaire survey weight.
Frequency analysis was performed to report on the general characteristics and major variables of the
study subjects. Chi-square analysis was used to determine the prevalence of MetS according to the
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general characteristics and MetS prevalence according to full-time employment. Odds ratios (ORs)
were calculated by logistic regression analysis to determine the effects of age, lifestyle, and job-related
factors on the prevalence of MetS. All statistical analyses were conducted using SPSS version 22.0
(IBM corp., Armonk, NY, USA). A p value < 0.05 was considered statistically significant. The study
protocol was approved by the institutional review board of the Catholic University of Korea, College of
Medicine (approval ID: KC18ZESI0410).

3. Results

3.1. General Characteristics of Subjects Included in the Study to Determine Metabolic Syndrome Prevalence

The study subjects were wage workers aged 19 years and older including 5006 men (52.6%),
and 4517 women (47.4%), totaling 9523 workers. The prevalence of MetS differed significantly
according to age and sex and seemed to increase significantly, for both sexes, with increasing age
(p < 0.001). However, aside from age, other variables with significant differences in MetS prevalence
differed between male and female workers (Table 1).

Table 1. General characteristics of subjects included in the study to determine metabolic syndrome
prevalence (N = 9523).

Characteristics

Metabolic Syndrome, N (%)

Men (n = 5006) Women (n = 4517)

Yes No p Yes No p

Age (years) <0.001 <0.001
19–29 35 (14.9) 211 (85.1) 14 (5.3) 315 (94.7)
30–39 288 (21.9) 1038 (78.1) 79 (17.2) 896 (90.9)
40–49 406 (28.8) 1035 (71.2) 202 (17.2) 1079 (82.8)
50–59 364 (33.7) 752 (66.3) 322 (28.1) 816 (71.9)
60–69 196 (29.9) 478 (70.1) 245 (45.0) 300 (55.0)
≥70 53 (23.9) 160 (76.1) 118 (48.0) 131 (52.0)

Education level 0.073 <0.001
≤Elementary school 115 (28.0) 331 (72.0) 398 (41.0) 544 (59.0)
Middle school 147 (32.6) 306 (67.4) 160 (29.2) 368 (70.8)
High school 461 (26.6) 1212 (73.4) 303 (18.4) 1322 (81.6)
≥University 619 (25.5) 1815 (74.5) 119 (8.7) 1303 (91.3)

Job type 0.244 <0.001
Non-manual worker 766 (27.4) 2010 (72.6) 454(15.3) 2388(84.7)
Manual worker 576 (25.7) 1654 (74.3) 526(29.6) 1149(70.4)

Marital status 0.019 0.271
Married 1247 (27.3) 3340 (72.7) 736 (19.9) 2810 (80.1)
Others 95 (21.0) 324 (79.0) 244 (21.8) 727 (78.2)

Household income level 0.386 <0.001
1st quartile 474 (27.7) 1221 (72.3) 208 (14.9) 1170 (85.1)
2nd quartile 435 (26.4) 1270 (73.6) 265 (18.8) 1117 (81.2)
3rd quartile 331 (25.0) 931 (75.0) 285 (22.1) 862 (77.9)
4th quartile 102 (29.5) 242 (70.5) 222 (34.5) 388 (65.5)

Smoking 0.003 0.273
Current smoker 596 (29.0) 1524 (71.0) 61 (22.4) 201 (77.6)
Ex-smoker 516 (25.9) 1394 (74.1) 36 (15.7) 166 (84.3)
Non-smoker 230 (22.6) 746 (77.4) 883 (20.4) 3170 (79.6)

Drinking <0.001 0.882
High risk drinking 365 (34.2) 711 (65.8) 43 (20.2) 170 (79.8)
Moderate drinking or non-drinking 977 (24.4) 2953 (75.6) 937 (21.7) 3367 (78.3)

Physical activity 0.261 0.111
Yes 613 (25.8) 1680 (74.2) 336 (21.9) 1151 (78.1)
No 729 (27.4) 1984 (72.6) 644 (19.5) 2386 (80.5)

Data were analyzed using Pearson’s χ2 test, p < 0.05.
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Males showed significant differences in MetS prevalence in lifestyle-related variables such as
smoking, drinking, and marital status. Among male subjects, MetS prevalence was significantly higher
among current smokers (p < 0.05), the high-risk drinking group (p < 0.001), and among the married
(p < 0.05). On the other hand, among female subjects, there were differences in socioeconomic variables.
Lower educational level (p < 0.001), household income (p < 0.001), and manual work (p < 0.001) were
related to a higher prevalence of MetS.

3.2. Metabolic Syndrome Prevalence According to Sex and by the Standard of Work

Among the male subjects, 3561 (71.1%) were standard workers and 1445 (28.9%) were
non-standard workers. The prevalences of MetS among standard and non-standard workers were
26.1% and 28.2%, respectively, and the proportion of non-standard workers was high. However,
there was no significant difference between the two groups. Among female subjects, 1962 (43.4%)
were standard workers and 2555 (56.4%) were non-standard workers. The prevalences of MetS
among the female subjects were 13.5% and 25.8% for standard and non-standard workers, respectively.
Non-standard workers showed a statistically significant difference in MetS prevalence compared to
standard workers (p < 0.001) (Table 2).

Table 2. Metabolic syndrome prevalence according to sex and by the standard of work.

Sex Employment Type
Metabolic Syndrome, N (%)

Total p
Yes No

Male
Standard workers 942 (26.4) 2619 (73.6) 3561 (100.0)

0.174Non-standard workers 400 (28.2) 1045 (71.8) 1445 (100.0)
Total 1342 (26.6) 3664 (73.4) 5006 (100.0)

Female
Standard workers 271 (13.5) 1691 (86.5) 1962 (100.0)

<0.001Non-standard workers 709 (25.8) 1846 (74.2) 2555 (100.0)
Total 980 (20.3) 3537 (79.7) 4517 (100.0)

Data were analyzed using Pearson’s χ2 test, p < 0.05.

3.3. Factors Affecting Metabolic Syndrome

To determine the factors affecting MetS, logistic regression analysis was performed. The model
consisted of three stages. Models 1, 2, and 3were adjusted for age, lifestyle factors, and factors related
to economic activity, respectively. Regression analysis among male subjects showed that non-standard
employment status in all models did not increase MetS prevalence. Among female non-standard
workers, however, there was a 1.44 times increase in the risk of MetS in model 1 (OR = 1.44, p < 0.001),
1.33 times increase in risk in model 2 (OR = 1.33, p < 0.001), and 1.34 times increase in the risk in
model 3 (OR = 1.34, p < 0.001) (Table 3).

Table 3. Prevalence odds ratios of factors affecting metabolic syndrome.

Sex

Model1 * Model 2 ** Model 3 ***

Standard
Workers

Non-Standard
Workers

Standard
Workers

Non-Standard
Workers

Standard
Workers

Non-Standard
Workers

Males Reference 0.97 (0.82–1.15) Reference 0.94 (0.78–1.15) Reference 0.97 (0.78–1.20)
Females Reference 1.44 (1.18–1.77) Reference 1.33 (1.07–1.65) Reference 1.34 (1.07–1.67)

* adjusted for age. ** adjusted for age, smoking, drinking, physical activity, BMI, stress, and depression. *** adjusted
for age, smoking, drinking, physical activity, BMI, stress, depression, household income, education level, job type,
marital status, and region. BMI, body mass index.
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4. Discussion

In recent studies, lifestyle-related factors such as age, unhealthy diet, and sedentary
lifestyle, as well as socioeconomic status and environmental factors such as job type,
occupational stress, and working hours have been reported as important causes of the increasing
MetS prevalence [7,8,21,22]. In this study, we analyzed the differences in MetS prevalence with
emphasis on employment type among the socioeconomic factors. As a result, MetS prevalence was
shown among non-standard workers to be higher than that among standard workers. In particular,
female subjects had a 1.34-fold higher risk of MetS prevalence among non-standard workers than
among standard workers. This is consistent with the results of a study in which the risk of hypertension
in non-standard female workers was 1.42 times higher than that of standard workers due to
employment type and sex differences in cardiovascular health [18]. Hypertension is one of the
risk factors for MetS, and might have affected the increased risk of MetS in female non-standard
workers. The results of this study showed that female workers were more affected by socioeconomic
factors than male workers. Among female workers, the lower the educational and household income
levels, the higher the prevalence of MetS. Low educational and household income levels could
cause differences in opportunities for workers to access health services and affect health-related
behaviors [23,24]. In particular, the lower the socioeconomic status of female workers, the less
they care about health care and hence, the higher the risk of MetS [12]. As a result of MetS
prevalence according to job type, the prevalence among manual workers was higher than that among
non-manual workers [25]. The highest MetS prevalence occurred among female skilled workers in
the agricultural and fishing industries. MetS prevalence was higher among low-income and local
residents [26,27]. These non-standard workers have low socioeconomic status and are treated poorly in
wages, working conditions, and social safety [28]. Non-standard workers have limited working periods,
resulting in unstable occupation that reduces perceived health condition, increases psychological stress,
and affects physical health [29]. Psychological stress and physical health problems in non-standard
workers increase the risk of chronic and acute diseases; furthermore, the social, physiological,
and self-rated health of workers become lowered [30]. Finally, the difference in socioeconomic status
due to unstable employment is a factor for health deterioration and social determinants of health [1].
Problems associated with low socioeconomic status among these non-standard workers have a greater
impact on female workers than male workers, which ultimately increases the prevalence of MetS
among female non-standard workers.

On the other hand, male workers showed no differences in economic level, educational level,
and job type, and significant differences occurred in MetS prevalence among factors related to
lifestyles such as smoking and drinking. Smoking increases the risks of low HDL cholesterol level,
higher triglyceride level, and abdominal obesity, thus increasing the prevalence of MetS among male
subjects [7]. Excessive drinking increases the risk of low HDL cholesterol level and cohort studies
among Korean office workers over the past decade have also identified male sex as a risk factor
for MetS [7,11]. Thus, unhealthy lifestyles such as smoking and drinking are closely related to the
risk factors for MetS [31]. However, with smoking and drinking adjusted for, the two variables
failed to show an increase in the prevalence of MetS among male non-standard workers. In other
words, unhealthy lifestyle has a greater impact on MetS prevalence than differences in socioeconomic
status. Thus, the inverse correlation between socioeconomic status and MetS in males was confirmed
in previous studies [14,25,32]. Among males, non-manual workers with high levels of education
and income had the highest risk of MetS, and the higher the socioeconomic status, the higher
the risk of MetS [25,32]. In addition, male subjects were less likely to have MetS among workers
with higher levels of physical activity [14]. The high prevalence of MetS among office workers is
attributed to their long working hours, longer sitting periods, and more exposure to risk factors
that can lead to MetS. Moreover, male office workers are known to have more opportunities for
drinking [12,27,33–35]. A study of firefighters showed that men tend to enjoy healthier lifestyles
with shift work and stressful job conditions, and that this lifestyle resulted in a lower prevalence of
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MetS among them than office workers [36]. These results suggest that male workers have higher
socioeconomic status than female workers, and that the type of work and their lifestyle are important
factors for MetS prevalence. Similar to this study, previous studies have reported sex differences in
the risk factors for MetS [11,13,25,37,38]. Hypertension, hyperglycemia, and high triglyceride level
were major risk factors for MetS in males, and obesity and low HDL cholesterol level were the most
common risk factors for females [13].

There are three possible reasons for the differences in MetS prevalence between male and female
non-standard workers, based on previous studies on the difference in risk factors for MetS according
to sex. The first is that female non-standard workers are more affected by work-related psychosocial
factors due to lower socioeconomic classes. The proportion of non-standard workers among female
workers is higher than that of non-standard male workers among male workers. In this study, 28.8%
of males and 56.6% of females were classified as standard and non-standard workers from 2010 to
2015. Females often work as administrative support workers rather than managers, and often quit
because of marriage, pregnancy, and childcare [11]. In addition, even after re-employment, it is difficult
to resume in stable jobs because of the long leave period. For this reason, many females work as
non-standard workers, and as temporary or part-time workers. With this low socioeconomic status,
female workers are easily exposed to job-related psychological stress and eventually to MetS risk
factors [25]. Female non-standard workers show poor mental health status such as high depression
and suicidal ideation levels [39]. In addition, the ability to overcome psychological stress was lower
than that among men [25,33]. Meta-analysis of the effects of work-related psychosocial factors on
MetS revealed significant risk factors for some components associated with MetS such as weight gain,
obesity, and hypertension [40].

The second reason is the high risk of obesity in female non-standard workers. Several studies
have reported that the risk of obesity in female non-standard workers is higher than that in male
non-standard workers [13,37]. Obesity and insulin resistance play a key role in the development
of MetS [18,41]. Obesity increases the amount of free fatty acids in the body, which in turn
increases insulin resistance, leading to cardiovascular diseases such as diabetes, lipid abnormalities,
and hypertension [37]. Ultimately, the high risk of obesity affects the risk of cardiovascular disease
and increases the risk of MetS [14].

The third reason is due to the physiological characteristics of female workers. In Korea, about 30%
of female workers are mostly pink-collar workers such as nurses, stewardesses, nannies, babysitters,
hairdressers, and administrative assistants [13]. These pink-collar workers engage more in shift work,
and this results in a 5% higher prevalence of menstrual irregularity than among daily workers [6].
Females with menstrual irregularities are often diagnosed with polycystic ovary syndrome, and such
females have a high risk of MetS [6]. However, the increased prevalence of MetS due to these hormonal
problems may be due to shift work, which may be difficult to identify among differences in standard
and non-standard workers. Nonetheless, the risk of MetS in non-standard workers is higher because
they are unable to take immediate action concerning their problems, even if it occurs while doing
the same thing [5]. These results suggest that the prevalence of MetS among female non-standard
workers was higher than that among standard workers. Psychological problems caused by differences
in socioeconomic status increase the risk of MetS in female non-standard workers, and the combination
of physiological characteristics of females and that of being a non-standard worker lead to anxiety and
consequent poor treatment.

The limitations of this study are as follows: First, the cross-sectional data used in the study may
not clearly show a causal relationship between factors. Second, there might be information bias due
to the self-reported questionnaire. For example, responses to smoking among female subjects may
not be representative. Finally, the definitions of standard and non-standard work varied according
to the survey period. In the sixth survey conducted between 2013 and 2015, there was a question
to directly confirm standard and non-standard (EC_Wht_0) work, but there was no such question
in the fifth survey conducted between 2010 and 2012. Therefore, the two items “job status wage
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worker (EC_STT_2)” and “working hours (EC_WH)” were defined according to non-standard worker
standards. However, international standards for non-standard workers are not clear and there is a
limit to how these apply in all countries [18]. Despite these limitations, this sample is representative of
the results of the six-year data systematically surveyed in the entire Republic of Korea.

In this study, the prevalence of MetS in female non-standard worker was increased, and it was
confirmed that the difference in socioeconomic status according to gender affects MetS prevalence.
Thus, a fundamental change in employment patterns will be needed to address health-related problems
that arise from non-standard work. The recent policy of converting non-standard work to standard
work by the government will be a way to overcome the difference in health risk due to working style.
However, there are difficulties in policy promotion due to various interests including current salary
level, welfare problem, and reverse discrimination against standard workers. Employment stability
and work environment improvement for non-standard workers are not only a matter of interest
in payroll improvement but also an important solution to lower the social cost of health care and
improve the quality of life and health care of all citizens. It is expected that the results of this study,
showing the high risk of MetS in non-standard workers could be utilized as a basis for government
policy promotion on health.

5. Conclusions

The results of this study confirm that the prevalence of MetS among non-standard female workers
increased according to employment type. In addition, the risk factors leading to increases in the
prevalence of MetS differed according to sex. In the future, direct research and long-term observation
of psychosocial, lifestyle, and biological factors among non-standard workers will be needed using
a cohort study of non-standard workers. It is necessary to clarify the cause of high MetS prevalence
among female non-standard workers. In addition, among the factors affecting MetS, it is considered
that lifestyle-related problems need to be investigated since these did not result in increased MetS
prevalence among male non-standard workers.
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Abstract: This study aimed to evaluate the relationship between various asbestos exposure routes and
asbestos-related disorders (ARDs). The study population comprised 11,186 residents of a metropolitan
city who lived near asbestos factories, shipyards, or in slate roof-dense areas. ARDs were determined
from chest X-rays indicating lower lung fibrosis (LFF), pleural disease (PD), and lung masses (LMs).
Of the subjects, 11.2%, 10.4%, 67.2% and 8.3% were exposed to asbestos via occupational, household,
neighborhood, and slate roof routes, respectively. The odds ratio (OR) of PD from household exposure
(i.e., living with asbestos-producing workers) was 1.9 (95% confidence interval: 0.9–4.2), and those of
LLF and PD from neighborhood exposure, or residing near asbestos factories) for <19 or >20 years,
or near a mine, were 4.1 (2.8–5.8) and 4.8 (3.4–6.7), 8.3 (5.5–12.3) and 8.0 (5.5–11.6), and 4.8 (2.7–8.5)
and 9.0 (5.6–14.4), respectively. The ORs of LLF, PD, and LM among those residing in slate-dense
areas were 5.5 (3.3–9.0), 8.8 (5.6–13.8), and 20.5 (10.4–40.4), respectively. Substantial proportions
of citizens residing in industrialized cities have potentially been exposed to asbestos, and various
exposure routes are associated with the development of ARDs. Given the limitations of this study,
including potential confounders such as socioeconomic status, further research is needed.

Keywords: asbestos; domestic; environmental; health impact survey; household; Korea; neighbor;
roof; slate

1. Introduction

Asbestos, which is composed of long, thin fibers, has been used widely for decades because
of its properties such as resistance to fire, heat, and electricity; tensile strength; and sound
absorption. However, asbestos exposure can cause asbestos-related diseases (ARDs) such as malignant
cancers, including lung cancer (LC), malignant mesothelioma (MM), laryngeal cancer, and ovarian
cancer, as well as benign diseases such as asbestosis, pleural plaques, and pleural thickening [1].
Asbestos exposure via occupational, household, and neighborhood routes was reported as early as
1960 [2–4]. Occupational asbestos exposure occurs through the production of asbestos-containing
products in settings such as mines and asbestos textile factories, or in workplaces that handle asbestos

Int. J. Environ. Res. Public Health 2018, 15, 1638; doi:10.3390/ijerph15081638 www.mdpi.com/journal/ijerph559



Int. J. Environ. Res. Public Health 2018, 15, 1638

products, including shipyards and construction sites. Household exposure occurs when families
exposed to asbestos at work come to their homes with work clothes. Neighborhood exposure occurs
when living near to asbestos mines, asbestos factories, and shipyards. Although many studies have
explored the extent of occupational exposure, including the associated disease burden [5,6], studies of
household and neighborhood exposure to asbestos among ordinary citizens are rare. The majority of
these studies indicate that ARDs consequent to household and neighborhood asbestos exposure are
confined to MM [1,7]. However, most such studies did not control for other exposure routes, despite
the possibility of overlap [1,2,7].

One exposure route that may be encountered during ordinary life is the asbestos slate roof, which
is composed of 10–15% asbestos [8]. Asbestos slate has been widely used in western societies [9], and its
use is increasing in developing countries [10]. In Korea, slate was widely used to replace roofing
materials in rural areas during the period of rapid economic growth during the 1970s and 1980s,
and was commonly used in poor urban areas [8]. However, few studies have addressed the health
effects of living under or near slate roofs [8], even though the surrounding asbestos concentration in
ambient air might be substantial [11].

In 2009, the Korean government banned asbestos. In 2011, the government began to compensate
citizens for environmental asbestos diseases, and environmental health centers for asbestos (EHCA)
began to conduct health impact surveys (HISs) of areas containing asbestos mines, factories,
ship-building facilities, and large numbers of slate roofs [12,13]. Although HISs are based on the
voluntary participation of citizens living near former sources of asbestos exposure, the responses
elucidate the frequency of exposure and risks of occupational, household, and slate exposure among
ordinary citizens.

The present study investigated the frequency of asbestos exposure via the occupational, household,
neighborhood, and slate roof routes, and studied the relationships between these exposure routes and
ARDs using HIS data of EHCA adjusted for other routes.

2. Materials and Methods

2.1. Study Subjects

The study subjects comprised participants in a HIS conducted by Pusan National University
Yangsan Hospital (PNUYH) EHCA between 2009 and 2016. The majority of the participants currently
reside in the Busan metropolitan area, which serves as the center of one of the most industrialized
areas of Korea and traditionally housed many environmental asbestos exposure sources, such as
asbestos textile factories and shipbuilding and ship repair industries [13]. For this study, the subjects
were restricted to current citizens of Busan. Participants younger than 20 years were excluded to
account for the long latency period of ARDs (median: 20 years) [14]. Accordingly, 2053 of the
13,433 PNUYH-EHCA HIS participants were excluded based on these criteria. After excluding an
additional 194 cases because of incomplete questionnaire responses or chest radiography results,
the final study comprised 11,186 subjects. The institutional review board of PNUYH approved this
study (02-2009-037, 02-2012-018).

2.2. HIS Items: Questionnaire and Chest Radiograph

A structured questionnaire survey was administered by trained personnel through individual
interviews during which informed consent was obtained from the subjects. Asbestos exposure was
assessed qualitatively by the questionnaire. To determine occupational and household exposure,
the subjects were asked whether they or someone in their household was exposed to structured
asbestos-related work items during employment. To determine neighborhood exposure, the subject’s
life residential history was taken and verified using official residential records. Additionally,
the subject’s history of living under a slate roof was taken and compared to slate-dense areas
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predetermined by a previous study [13]. No exposure was defined as no exposure to occupational,
household, or neighborhood sources, living under a slate roof, or living in slate-dense areas.

Posteroanterior chest radiography was performed using an FCR 5501 digital radiograph device
(Fuji, Tokyo, Japan). Radiographs were read by two separate radiologists who had participated in
a special reading session for ARDs provided by a Korean environmental corporation. The reading
results were divided into three groups of ARDs: of asbestosis, pleural disease (PD), and LC.
The reading results were categorized as follows: lower lung fibrosis (LLF) (asbestosis surrogate):
asbestosis, diffuse lung disease, interstitial lung disease, nodular ground glass appearance; PD:
pleural plaque, pleural thickening, loss of costo-phrenic angle; and LC: suspected malignancy, mass
>1 cm, mediastinal enlargement. Any case of PD with a tuberculous history or reading opinion
suggesting tuberculosis was excluded. Only screening results were analyzed in this study because the
participation rates in secondary examinations to address abnormal screening results were low (4.6%)
and not representative [14].

2.3. Data Analysis

The X2-test and Fisher’s exact test were used to conduct frequency analyses, and trends were
assessed using the Cochran–Armitage trend test. Classes containing small numbers were merged
into adjacent classes. Logistic regressions were conducted using the three radiography outcomes
(LLF, PD, and LM) as the dependent variable. Simple, multiple (adjusted for sex, age, and smoking
as confounders) [3,15], and full model logistic regressions (adjusted for other exposure routes
and confounders) were conducted. The statistical analysis was performed using SAS, version 9.4
(SAS Institute, Cary, NC, USA).

3. Results

3.1. Prevalence Rates of LLF, PD, and LM by Subject Characteristics and Exposre

In our study, 120 (1.9%) and 211 (3.4%) cases of LLF and PD, respectively, were observed among
women, with 264 (5.3%) and 295 (5.9%) cases, respectively, among men (p-values for sex-based
comparisons < 0.0001). Furthermore, 61 (1.0%) and 45 (0.9%) cases of LM were observed among
women and men, respectively (p-value for comparison = 0.6063). Most patients were between 50 and
79 years of age, and the proportions of LLF, PD, and LM differed by age (p-values for comparisons
<0.0001). Compared to present and never smokers, ex-smokers were more likely to present with LLF
and PD (p-value < 0.0001). Of the single exposure routes, neighborhood exposure was most frequent
(53.3%), followed by slate roof (5.4%), occupational (3.4%), and household (2.4%) exposure. The total
proportions of neighborhood, slate roof, occupational, and household exposure were 67.2%, 8.3%,
11.2%, and 10.4% respectively. Among subjects exposed to slate roofs, 2.7% lived in slate-roof-dense
areas (data not shown).

The prevalence of LLF was highest among subjects exposed to all four sources (16.7%) followed
by those exposed to occupational + neighbor + slate (13.0%) and occupational + neighbor (12.5%).
Similarly, the prevalence of PD was highest among subjects exposed to all four sources (27.8%),
followed by occupational + household + slate (25.0%). The prevalence of LM was highest among those
exposed to slate roofs (4.2%), followed by occupational + slate (3.9%) (Table 1).

561



Int. J. Environ. Res. Public Health 2018, 15, 1638

Table 1. Prevalence and rates of radiological abnormalities by characteristics and exposure routes.

Variable
LLF PD LM Subjects Total

Case Rate p-Value Case Rate p-Value Case Rate p-Value No. %

Sex <0.0001 <0.0001 0.6063
Female 120 1.9 211 3.4 61 1 6160 55.1
Male 264 5.3 295 5.9 45 0.9 5026 44.9

Age (years) <0.0001 <0.0001 <0.0001
≤29 0 0 9 1 1 0.1 943 8.4
30–39 6 0.2 25 0.9 7 0.3 2777 24.8
40–49 2 0.2 15 1.8 3 0.4 848 7.6
50–59 44 2.1 88 4.3 12 0.6 2064 18.5
60–69 132 5 165 6.2 34 1.3 2643 23.6
≥70 200 10.5 204 10.7 49 2.6 1911 17.1

Smoking status <0.0001 <0.0001 0.7679
Never 156 2.1 268 3.7 66 0.9 7302 65.3
Ex-smoker 140 6.6 154 7.2 21 1 2131 19.1
Present smoker 88 5 84 4.8 19 1.1 1753 15.7

Exposure routes <0.0001 <0.0001 <0.0001
No exposure 11 0.5 10 0.5 7 0.4 2022 18.1
Occupational 9 2.4 8 2.1 1 0.3 378 3.4
Household 1 0.4 1 0.4 0 0.0 274 2.4
Neighbor 204 3.4 286 4.8 50 0.8 5960 53.3
Slate 30 5.0 42 7.0 25 4.2 599 5.4
Occupational + Household 2 3.1 0 0.0 0 0.0 65 0.6
Occupational + Neighbor 69 12.5 58 10.5 6 1.1 553 4.9
Occupational + Slate 4 7.8 6 11.8 2 3.9 51 0.5
Household + Neighbor 12 2.1 18 3.1 1 0.2 580 5.2
Household + Slate 2 4.0 4 8.0 0 0.0 50 0.4
Neighbor + Slate 19 4.6 47 11.5 10 2.4 410 3.7
Occupational + Household + Neighbor 10 7.9 8 6.4 3 2.4 126 1.1
Occupational + Household + Slate 0 0.0 3 25.0 0 0.0 12 0.1
Occupational + Neighbor + Slate 7 13.0 7 13.0 1 1.9 54 0.5
Household + Neighbor + Slate 1 2.9 3 8.8 0 0.0 34 0.3
Occupational + Household + Neighbor +

Slate 3 16.7 5 27.8 0 0.0 18 0.2

Total 384 3.4 506 4.5 106 0.9 11,186 100.0 *

LLF: lower lung fibrosis, PD: pleural disease, LM: lung mass, * total percent.

3.2. Occupational and Household Exposures and Radiologic Abnormalities

A total of 1257 (11.2%) subjects were occupationally exposed to asbestos (data not shown).
Among them, 104 (8.3%), 95 (7.6%), and 13 (1.0%) developed LLF, PD, and LM, respectively. The highest
prevalence of LLF was observed among asbestos miners (21.4%), asbestos cement manufacturers
(14.3%), and asbestos textile workers (11.9%) (p < 0.0001). The highest prevalence of PD was also
observed among asbestos miners (17.9%), followed by asbestos friction material and joint sheet
manufacturers (17.2%), and asbestos textile workers (11.9%) (p < 0.0001). By contrast, few subjects
with occupational exposure developed LM, and no differences among occupations were observed
(p = 0.3889). Differences in the prevalence of LLF and PD were also observed according to the duration
of work (p < 0.0001 and p < 0.0001, respectively).

A total of 1159 (10.4%) subjects were exposed to asbestos by other household members with
asbestos-related occupations (data not shown), and 31 (2.7%), 42 (3.6%), and 4 (0.3%) developed LLF,
PD, and LM, respectively. Among the occupations of household members, the highest prevalence of
LLF was associated with asbestos textile work (14.2%), followed by asbestos cement production (4.5%),
and the highest prevalence of PD was associated with asbestos textile work (23.8%), and asbestos
friction material and joint sheet manufacturing (8.3%) (Table 2).
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Table 2. Prevalence and rates of radiological abnormalities among cases of occupational and household
exposure by job type and exposure duration.

Variable
Occupational Exposure n (%) Household Exposure n (%)

LLF PD LM LLF PD LM

Occupation type No exposure 280 (2.8) 411 (4.1) 93 (0.9) 353 (3.5) 464 (4.6) 102 (1.0)

Production Mine 6 (21.4) 5 (17.9) 0 (0.0) 0 (0.0) 1 (4.4) 0 (0.0)
Cement 4 (14.3) 1 (3.6) 1 (3.6) 1 (4.6) 1 (4.6) 0 (0.0)
Friction, joint sheet 2 (6.9) 5 (17.2) 0 (0.0) 0 (0) 2 (8.3) 0 (0.0)
Textile 5 (11.9) 5 (11.9) 2 (4.8) 3 (14.3) 5 (23.8) 1 (4.8)

Use Construction 23 (9.9) 17 (7.3) 2 (0.9) 2 (1.3) 2 (1.3) 0 (0.0)
Chemical, power plant 4 (5.6) 5 (6.9) 0 (0.0) 5 (4.0) 9 (7.2) 1 (0.8)
Plumbing, insulation 7 (5.6) 11 (8.7) 1 (0.8) 0 (0.0) 8 (6.0) 0 (0.0)
Automobile, train repair 2 (5.7) 3 (8.6) 0 (0.0) 1 (2.9) 2 (5.7) 1 (2.9)
Shipbuilding, ship repair 37 (9.1) 27 (6.6) 5 (1.2) 8 (2.1) 7 (2.0) 1 (0.3)
Others 14 (5.5) 16 (6.3) 2 (0.8) 11 (4.5) 5 (2.1) 0 (0.0)
p-value (Fisher’s exact) <0.0001 <0.0001 0.3889 <0.0001 <0.0001 0.236

Duration No exposure 280 (2.8) 411 (4.1) 93 (0.9) 353 (3.5) 464 (4.6) 102 (1.0)
≤4 years 25 (5.7) 24 (5.4) 3 (0.7) 16 (2.4) 22 (3.3) 2 (0.3)
5–9 years 15 (8.2) 18 (9.9) 3 (1.7) 1 (1.0) 4 (4.1) 1 (1.0)
10–19 years 13 (5.7) 14 (6.1) 2 (0.9) 7 (5.3) 6 (4.5) 0 (0.0)
≥20 years 51 (12.6) 39 (9.7) 5 (1.2) 7 (2.8) 10 (4.0) 1 (0.4)
p-value (X2 test) <0.0001 <0.0001 0.7942 0.2052 0.5580 0.2244

LLF: lower lung fibrosis, PD: pleural disease, LM: lung mass

3.3. Neighborhood and Slate Roof Exposure and Slate Root-Dense Areas

A total of 7515 (67.2%) and 220 (2.0%) cases of neighborhood exposure from local asbestos
factories and mines, respectively, were reported (data not shown). The prevalence of LLF, PD,
and LM consequent to exposure to mines and factories were 302 (4.0%), 390 (5.2%), and 68 cases
(0.9%) and 23 (10.5%), 42 (19.1%), and 3 cases (1.4%), respectively (p-value < 0.0001, p-value < 0.0001,
and p-value = 0.6994, respectively).

Overall, 929 (8.3%) and 299 (2.7%) cases of slate roof exposure and residence in slate roof-dense
areas were reported, respectively (data not shown). The prevalence of LLF, PD, and LM associated
with slate roof exposure and residence in a slate roof-dense area were 35 (3.8%), 75 (8.1%), and 8 (0.9%);
390 (5.2%), and 68 (0.9%); and 31 (10.4%), 42 (14.0%), and 30 (10.0%), respectively (p-value < 0.0001).
Differences in radiological abnormalities were observed with regard to the durations of neighborhood
and slate roof exposure (p-value < 0.0001) (Table 3).

Table 3. Prevalence and rates of radiological abnormalities among cases of neighborhood, slate roof,
and slate roof-dense area exposure and exposure durations.

Variable
Neighborhood Exposure Slate Roof and Slate Roof-Dense Area

LLF PD LM LLF PD LM

Exposure type No exposure 59 (1.7) 74 (2.1) 35 (1.0) 318 (3.2) 389 (3.9) 68 (0.7)
Category1 * 302 (4.0) 390 (5.2) 68 (0.9) 35 (3.8) 75 (8.1) 8 (0.9)
Category2 ** 23 (10.5) 42 (19.1) 3 (1.4) 31 (10.4) 42 (14.0) 30 (10.0)
p-value <0.0001 <0.0001 0.6994 <0.0001 <0.0001 <0.0001

Duration No exposure 59 (1.7) 74 (2.1) 35 (1.0) 318 (3.2) 389 (3.9) 68 (0.7)
<4 years 30 (1.3) 55 (2.5) 14 (0.6) 3 (2.2) 11 (8.0) 1 (0.7)
5–9 years 41 (1.9) 80 (3.7) 5 (0.2) 8 (5.4) 12 (8.1) 3 (2.0)
10–19 years 157 (6.5) 194 (8.0) 30 (1.2) 10 (5.0) 17 (8.5) 3 (1.5)
≥20 years 97 (10.6) 103 (11.2) 22 (2.4) 45 (6.0) 77 (10.4) 31 (4.2)
p-value <0.0001 <0.0001 <0.0001 0.0003 <0.0001 <0.0001

LLF: lower lung fibrosis, PD: pleural disease, LM: lung mass. * Factory (Neighborhood exposure), Slate roof
(Slate roof and slate roof-dense area). ** Mine (Neighborhood exposure), Slate roof in slate roof dense area (Slate roof
and slate roof-dense area).
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3.4. Trends in Combined Variables of Exposure Routes and Durations

Occupational, household, neighborhood, and slate roof exposures were classified as use
vs. production, use vs. production, factory vs. mine, and slate roof only vs. slate roof in slate
roof-dense area, respectively. Subsequently, the two categories for occupational, neighbor, and slate
roof exposure were combined with durations of <20 vs. >20 years; the cut-off for household exposure
duration was 5 years because many subjects did not reside with household members for as long as
20 years. The increasing trends in LLF differed among the categories for all exposure routes except
household exposure (p-value < 0.0001). The trends in PD differed among the categories in all exposure
routes and increased for all routes except household exposure. The trends in LM differed by categories
for all exposure routes except household exposure, and increased with slate roof exposure (Table 4).

Table 4. Trend tests of combined exposure source and duration variables and chest
radiographic abnormalities.

Type Type and Duration (Year)
LLF n (%) PD n (%) LM n (%)

No Yes No Yes No Yes

Occupational No exposure 9649 (97.2) 280 (2.8) 9518 (95.9) 411 (4.1) 9836 (99.1) 93 (0.9)
Use & ≤19 years 698 (94.7) 39 (5.3) 694 (94.2) 43 (5.8) 732 (99.3) 5 (0.7)
Use & ≥20 years 345 (87.8) 48 (12.2) 357 (90.8) 36 (9.2) 388 (98.7) 5 (1.3)

Production & ≤19 years 102 (87.9) 14 (12.1) 103 (88.8) 13 (11.2) 113 (97.4) 3 (2.6)
Production & ≥20 years 8 (72.7) 3 (27.3) 8 (72.7) 3 (27.3) 11 (100.0) 0 (0.0)

p-value X2 <0.0001 <0.0001 0.0013
Trend test <0.0001 <0.0001 0.1428

Household No exposure 9674 (96.5) 353 (3.5) 9563 (95.4) 464 (4.6) 9925 (99.0) 102 (1.0)
Use & ≤4 years 598 (97.7) 14 (2.3) 596 (97.4) 16 (2.6) 611 (99.8) 1 (0.2)
Use & ≥5 years 444 (97.2) 13 (2.8) 440 (96.3) 17 (3.7) 455 (99.6) 2 (0.4)

Production & ≤4 years 62 (96.9) 2 (3.1) 58 (90.6) 6 (9.4) 63 (98.4) 1 (1.6)
Production & ≥5 years 249 (92.3) 2 (7.7) 23 (88.5) 3 (11.5) 26 (100.0) 0 (0.0)

p-value X2 0.3341 0.0137 0.1778
Trend test 0.2009 0.4177 0.0876

Neighbor No exposure 3392 (98.3) 59 (1.7) 3377 (97.9) 74 (2.1) 3416 (99.0) 35 (1.0)
Factory & ≤19 years 6399 (96.9) 205 (3.1) 6314 (95.6) 290 (4.4) 6558 (99.3) 46 (0.7)
Factory & ≥20 years 814 (89.4) 97 (10.7) 811 (89) 100 (11.0) 889 (97.6) 22 (2.4)

Mine & ≤19 years 192 (89.3) 23 (10.7) 176 (81.9) 39 (18.1) 212 (98.6) 3 (1.4)
Mine & ≥20 years 5 (100.0) 0 (0.0) 2 (40.0) 3 (60.0) 5 (100.0) 0 (0.0)

p-value X2 <0.0001 <0.0001 <0.0001
Trend test <0.0001 <0.0001 0.7600

Slate roof No exposure 9640 (96.8) 318 (3.2) 9569 (96.1) 389 (3.9) 9890 (99.3) 68 (0.7)
Roof & ≤19 years 427 (96.6) 15 (3.4) 408 (92.3) 34 (7.7) 438 (99.1) 4 (0.9)
Roof & ≥20 years 467 (95.9) 20 (4.1) 446 (91.6) 41 (8.4) 483 (99.2) 4 (0.8)

Roof in dense area & ≤19 years 39 (86.7) 6 (13.3) 39 (86.7) 6 (13.3) 42 (93.3) 3 (6.7)
Roof in dense area & ≥20 years 229 (90.2) 25 (9.8) 218 (85.8) 36 (14.2) 227 (89.4) 27 (10.6)

p-value X2 <0.0001 <0.0001 <0.0001
Trend test <0.0001 <0.0001 <0.0001

LLF: lower lung fibrosis, PD: pleural disease, LM: lung mass.

3.5. Logistic Regression Analysis

Given the small numbers of subjects in some categories, such as occupational exposure via
production >20 years, household exposure via production <4 years, neighborhood mine exposure
>20 years, and slate roof exposure in a dense area <19 years, these categories were merged with adjacent
categories in the logistic regression analysis. The odds ratios (OR) of LLF following occupational
exposure were increased in the categories of asbestos use >20 years and asbestos production. The ORs
of LLF following neighborhood exposure were increased in all categories and in all models. However,
for slate roof exposure, the OR of LLF was increased only in slate roof-dense areas.

The ORs of PD related to occupational exposure were similar to the ORs of LLF. The ORs were
increased in the categories of asbestos use >20 years and asbestos production. However, the OR of
PD following household exposure was increased only in the category of production. The ORs for
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PD following neighborhood exposure and slate roof exposure were increased in all categories and in
all models. Regarding LM, the OR following neighborhood exposure was increased in the category
of factory exposure >20 years in all models, and factory exposure <19 years only in the full model.
The ORs of LLF, PD, and LM in two categories, neighborhood factory exposure >20 years and slate
roof exposure in a slate roof-dense area, were increased in all models (Table 5).

Table 5. Logistic regression of radiologic abnormalities by exposure route.

Variable

LLF PD LM

Simple Multiple * Full ** Simple Multiple Full Simple Multiple Full

OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CI

Occupational
No exposure 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Use & ≤19 years 1.9 1.4 2.7 1.1 0.8 1.6 1.2 0.9 1.8 1.4 1.0 2.0 1.0 0.7 1.4 1.2 0.8 1.6 0.7 0.3 1.8 0.6 0.2 1.4 0.7 0.3 1.7
Use & ≥20 years 4.8 3.5 6.6 1.9 1.3 2.7 2.3 1.6 3.3 2.3 1.6 3.3 1.2 0.8 1.7 1.6 1.1 2.3 1.4 0.6 3.4 0.9 0.4 2.3 1.3 0.5 3.4
Production 5.3 3.2 9.0 2.8 1.6 4.9 3.1 1.7 5.6 3.3 2.0 5.7 2.1 1.2 3.6 1.8 1.0 3.2 2.6 0.8 8.2 1.8 0.6 5.9 2.1 0.6 7.6

Household
No exposure 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Use & ≤4 years 0.6 0.4 1.1 1.2 0.7 2.0 1.1 0.6 1.9 0.6 0.3 0.9 0.8 0.5 1.3 0.7 0.4 1.3 0.2 0.0 1.1 0.2 0.0 1.5 0.2 0.0 1.7
Use & ≥5 years 0.8 0.5 1.4 1.1 0.6 2.0 1.3 0.7 2.4 0.8 0.5 1.3 1.0 0.6 1.6 1.2 0.7 1.9 0.4 0.1 1.7 0.4 0.1 1.7 0.6 0.1 2.4
Production 1.3 0.5 3.5 1.3 0.4 3.6 1.0 0.3 3.0 2.3 1.1 4.6 2.3 1.1 4.7 1.9 0.9 4.2 1.1 0.2 7.9 1.0 0.1 7.1 0.7 0.1 5.6

Neighbor
No exposure 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Factory & ≤19 years 1.8 1.4 2.5 2.7 2.0 3.6 4.1 2.8 5.8 2.1 1.6 2.7 2.7 2.1 3.5 4.8 3.4 6.7 0.7 0.4 1.1 1.0 0.6 1.5 2.7 1.4 5.2
Factory & ≥20 years 6.9 4.9 9.6 5.1 3.6 7.2 8.3 5.5 12.3 5.6 4.1 7.7 4.4 3.2 6.0 8.0 5.5 11.6 2.4 1.4 4.1 1.9 1.1 3.2 5.6 2.8 11.4
Mine 6.7 4.1 11.1 2.9 1.7 4.8 4.8 2.7 8.5 10.8 7.2 16.2 5.6 3.7 8.6 9.0 5.6 14.4 1.3 0.4 4.4 0.7 0.2 2.3 2.2 0.6 8.1

Slate roof
No exposure 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Roof & ≤19 years 1.1 0.6 1.8 0.8 0.4 1.3 0.7 0.4 1.3 2.1 1.4 3.0 1.7 1.2 2.5 1.6 1.1 2.3 1.3 0.5 3.7 1.1 0.4 3.0 1.1 0.4 3.0
Roof & ≥20 years 1.3 0.8 2.1 0.5 0.3 0.9 0.8 0.5 1.3 2.3 1.6 3.2 1.2 0.9 1.8 1.8 1.2 2.6 1.2 0.4 3.3 0.6 0.2 1.8 0.9 0.3 2.7
Roof in dense area 3.5 2.4 5.2 1.6 1.1 2.4 5.5 3.3 9.0 4.0 2.9 5.7 2.4 1.7 3.4 8.8 5.6 13.8 16.2 10.4 25.3 8.7 5.4 14.2 20.5 10.4 40.4

LLF: lower lung fibrosis, PD: pleural disease, LM: lung mass. * Adjusted for sex, age, smoking. ** Adjusted for sex,
age, smoking + other exposure route.

4. Discussion

In the present study, 11.2%, 10.4%, and 8.3% of subjects were exposed to asbestos through
slate roof, occupational, and household routes, respectively. We note that these exposures were
identified incidentally, as the subjects participated in a HIS focused on neighborhood exposure and
slate roof-dense areas. As noted, despite many previous studies of ARDs and various asbestos
exposure routes [1,3,4], studies on the extent of exposure among ordinary residents are rare.
The proportions in this study might have been over-estimated because individuals who were well
aware of asbestos, such as occupationally exposed workers and their families, may have participated
at high rates. As the proportions of various non-occupational exposure routes have not been routinely
studied [6,16], the authors could not compare the frequencies of exposure via various routes with those
of other studies.

Occupational exposure in the asbestos mining and asbestos textile industries was associated
with higher prevalence of LLF and PD. In general, occupational exposure during the production of
asbestos-containing materials was associated with higher prevalence of LLF and PD, compared to
the occupational use of asbestos products [17]. A previous finding that low levels of occupational,
household, and neighborhood exposure may induce pleural plaques [18] is consistent with our results.
In this study, household exposure correlated only with PD. Previous studies of household exposure
have reported similar results, indicating a significant relationship between household exposure and
pleural abnormalities not related to lung cancer [19]. Although many studies identified pleural
abnormalities related to household exposure without controlling for confounders [19], the present
study adjusted for both confounders and other exposure routes.

The prevalence levels of PD were similar among those who resided near mines for <19 years
and near factories for >20 years. Although the ambient concentrations of asbestos fibers may
differ according to the source [13], previous studies have not addressed the effects of various
exposure sources, including mines, factories, and ship-building facilities, on environmental exposure.
Furthermore, the prevalence of PD increased among people who resided in slate roof-dense areas.
Although asbestosis normally occurs at relatively high exposure levels, with the exception of
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mild fibrosis occasionally occurring at lower levels [18], the high prevalence of PD resulting from
neighborhood exposure and slate roof exposure in a slate-dense area was unusual. The U.S.
Occupational Safety and Health Administration has set a permissible exposure limit for workers
of 0.1 asbestos fibers/cc in a time weighted average of 8 h [20]. However, a reference dose for
non-malignant ARDs is not available, and it is difficult to determine the concentration or exposure
level required to induce asbestosis.

Slate roofs can be damaged by age, rain, and wind [21]. Although a previous ecological study
predicted future mortality due to asbestos slate roofs, particularly due to malignant mesothelioma [8],
the study focused on asbestos consumption in general, and not on slate roof exposure. Another study
found that some of the indoor air concentrations of asbestos in slate roof houses in Busan city exceeded
1 × 10−4 f/mL [22]; although this might not support a high incidence of PD in in slate roof-dense areas,
it might support the development of LC. According to the US Environmental Protection Agency, specific
risk levels of combined LC and MM that cause extra cancer in relation to air concentrations are 1 in
10,000 for 4 × 10−4 f/mL, 1 in 100,000 for 4 × 10−5 f/mL, and 1 in 1,000,000 for 4 × 10−6 f/mL [23].

In short, this study indicated an increased cancer risk of >1 in 10,000 among residents with slate
roofs. Therefore, living under a slate roof might lead to ARDs. However, given the low sensitivity
and specificity of chest X-rays, the radiologic results in the present study might not have detected
genuine ARDs. People who live under slate roofs and/or in slate-dense areas tend to have a lower
socioeconomic status (SES), which is associated with other lung diseases such as idiopathic pulmonary
fibrosis [24,25]. Accordingly, the relationship between LM and a slate-dense area in the present study
may be attributable to a lower SES [26]. We note that ours may have been the only study to investigate
ARDs consequent to living under a slate roof and/or in a slate-roof-dense area.

This study had some limitations of note. First, both exposures and outcomes may have been
misclassified. Occupational, household, and slate roof exposure data relied on the memories of the
research subjects. However, as information about residential histories and slate roof-dense areas was
verified using official records, this bias might not apply to neighborhood exposure and slate-roof-dense
areas. Additionally, this study was based on the results of screening tests such as chest radiography,
rather than on specific confirmatory tests such as computed tomography and clinical diagnosis.
This may have led to the over- or under-estimation of disease prevalence. To avoid the misclassification
of tuberculosis sequelae such as pleural plaques or costo-phrenic angle blunting, we excluded cases
with histories of tuberculosis from the PD category. Despite these efforts to prevent misclassification,
the inherent limitations of the HIS dataset may have introduced substantial bias. Second, a subject with
respiratory symptoms might have been more likely to recall exposure sources, leading to information
bias. Third, although age, sex, and smoking status were controlled as confounders, SES was not
investigated, despite its role as a potential confounder. This variable should be controlled in future
studies, as subjects exposed to asbestos may have had a lower SES. Fourth, the study subjects were
voluntary participants, which reduces the generalizability of the results. Finally, exposure should
require the evaluation of the fiber number in the living area and/or the patient sputum, our study
is speculative and presently only indicative. It should be subsequently confirmed by the objective
evaluation of the exposure. Also, Korea used almost chrysotile asbestos, so the results cannot be
generalized to other situations in which amphiboles were mainly used.

These limitations warrant further studies that include objective exposure and specific outcome
measures, as well as a representative population in which to evaluate various asbestos exposure routes.
In addition, a well-designed study of exposure status should adjust for SES and the health outcomes
associated with slate roofs, including residence in a slate-dense area.

Despite these limitations, the observed asbestos exposure of ordinary citizens through various
routes has provided new insights. Previously, industrialized areas containing many factories and poor
urban areas may have housed working populations with greater exposure to asbestos, and residents in
those areas might have had a lower SES, which has been associated with respiratory disease.
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5. Conclusions

Substantial proportions of study subjects who had lived near asbestos factories, shipbuilding
facilities, and slate roof-dense areas were exposed to asbestos through occupational, household,
and slate roof routes. After controlling for sex, age, smoking status, and other asbestos exposure
routes, we found that the occupational, household, neighborhood, and slate roof exposure routes
were associated with LLF and PD; PD; LLF, PD, and LM; and LLF, PD, and LM, respectively. To our
knowledge, this may be the first report of the health effects of slate roof exposure. However, this study
is vulnerable to misclassifications of exposure and outcome measurements, information bias, and other
potential confounders, including SES. A well-designed study is needed to overcome those limitations.
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Abstract: The current study aims to investigate the aberrant driving behaviour and risk involvement
of Iranian taxi drivers. The sample comprised 405 Iranian taxi drivers, who were recruited with
a cross-sectional design, using a self-completion questionnaire survey during October and November
2016. We contribute to the literature by understanding how and to what extent the socioeconomic,
demographic, driving, and aberrant driving behaviours influence risk involvement (accident
involvement and traffic tickets). The validated 27-item Driver Behaviour Questionnaire (DBQ) was
applied to measure aberrant driving behaviour. The results from valid observations (n = 381) explored
a four-factor solution (including errors, ordinary violations, lapses, and aggressive violations) of the
DBQ. The results also showed that being a single driver, having a high annual driving mileage, and
a high number of daily taxi trips were positively associated with accident involvement. Furthermore,
there was a positive correlation between the more ordinary violations and aggressive violations and
accident involvement. Establishing better training and qualification mechanisms for taxi drivers
could be considered by traffic safety experts in order to reduce ordinary and aggressive violations.

Keywords: aberrant driving behaviour; accident involvement; taxi drivers; driver behaviour
questionnaire

1. Introduction

A growing interest has emerged in exploring the principal human factors of the driving behaviour
in road transport studies. Road traffic accidents are recognised as a major source of fatality in the
world. Several studies have shown that human factors play a critical role in road traffic accidents [1–3].

However, little is known about the aberrant driving behaviour of the taxi drivers, despite its
importance [4–7], particularly among taxi drivers in the Middle Eastern context. Firstly, taxi drivers
drive in a work-related context [8]. A small body of studies have investigated an occupational
context [6,9], and most of them have examined the driving behaviour among the general driving
population. Taxi drivers are mostly males and spend most of their time in urban traffic. In addition,
the taxi is recognised as a private mode of transportation in western countries, while taxi services
are seen as a mode of public transport (PT) in some eastern countries like Iran. This type of taxi has
become the main dimension of the integrated transport system in Iranian cities and is playing an
important role in passengers’ daily urban travel. Taxi drivers do not have to undergo specific training
and qualification in Iran. Any person with an ordinary driver’s license and no major criminal record
can be employed as a taxi driver. As taxi fares as a public transport mode are relatively low in Iran,
taxi drivers often comprise the low-income strata of society. Because of the higher workload and
spending greater time in traffic congestions, these drivers usually commit more risky driving compared
with the general driving population. Furthermore, the taxi industry in Iran, as an organisation related

Int. J. Environ. Res. Public Health 2018, 15, 1626; doi:10.3390/ijerph15081626 www.mdpi.com/journal/ijerph569



Int. J. Environ. Res. Public Health 2018, 15, 1626

to municipalities, is responsible for the management of taxis by taking measures such as determining
the number of required taxis in each traffic analysis zone (TAZ) based on demand.

Most previous studies have been conducted in countries with good traffic safety performance.
There might be an increase in the negative consequences of road traffic accidents in regions with low
transport safety performance in the Middle East context, such as Iran [10,11]. For example, the global
status report on road safety shows that the share of pedestrians in traffic-related mortalities in Iran
is 23% [12]. Surprisingly, the national statistics of Iran show a high rate of fatality and injuries in
road traffic accidents between taxis and young pedestrians [13]. Dalziel and Job [14] also found that
taxi–pedestrian collisions were ranked as the fifth cause of all traffic accidents in Australia. A study
by Shi et al. [4] revealed that passengers and police appear to have a very negative impression of
the taxi drivers’ driving behaviours in Beijing, China. Hence, understanding how demographic
variables (e.g., age), socioeconomic characteristics (e.g., educational background and car ownership
status), and the driving experiences of taxi drivers are related to their aberrant driving behaviour
and risk involvement, could be interesting in countries with a similar traffic safety performance and
work-related context, such as Iran.

Given the importance of public health in occupational contexts, the current study aims to overcome
this deficiency by investigating the aberrant driving behaviour and risk involvement of Iranian
taxi drivers. For this purpose, we used the information of 405 Iranian taxi drivers, recruited with
a cross-sectional design, using a self-completion questionnaire survey during October and November
2016. We contribute to the literature by (1) identifying the principal dimensions of aberrant driving
behaviour (Driver Behaviour Questionnaire [DBQ] factors) and confirming the factor structure of the
DBQ among taxi drivers; (2) exploring socioeconomic, demographic, and driving factors, explaining the
identified DBQ factors; and (3) understanding how and to what extent the socioeconomic, demographic,
driving, and identified DBQ factors influence risk involvement (accident involvement and receiving
traffic tickets).

The remaining sections are organised as follows: Firstly, a review of the literature is presented
in the following section. Secondly, we describe the participants, data, and statistical procedure used
in this study. Thirdly, the results of the statistical analysis used in this study are discussed. Fourthly,
an in-depth discussion of the results is provided. The paper is concluded by summarising the key
findings and offering planning suggestions.

2. Literature Review

A critical review of previous studies showed that (1) most of the efforts were focussed on
identifying the principal dimensions of the DBQ, (2) a few studies have examined the determinants
of the identified DBQ factors through demographic variables (e.g., age and gender) and driving
characteristics (e.g., annual mileage), and (3) several papers have investigated the role of the DBQ
factors, as well as the demographic variables (e.g., age, gender) and driving characteristics in risks,
including in accident involvement and receiving traffic tickets. We classify the review based on the
aforesaid three findings. Then, the study’s contribution and research gaps are highlighted at the end of
this section.

2.1. The Driver Behaviour Questionnaire

The Driver Behaviour Questionnaire is one of the instruments widely used to measure the
human factors related to driving (i.e., aberrant driving behaviour) in different parts of the world [15].
The DBQ has played a prominent role in the realm of traffic psychology. The notion traces back to
1990, when Reason and colleagues [16] represented the DBQ’s first version, by including 50 items in an
instrument. The authors explored three principal factors (violations, dangerous errors, and relatively
harmless lapses) for this instrument. Later, the DBQ was abridged or extended to cover new driving
factors (e.g., aggressive violation) [17–22]. Several studies have applied the 28- or 27-item version of the
DBQ in recent years. The DBQ’s extended version has been mostly reported by a four-factor solution,
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including ordinary or rule violations, aggressive violations, errors, and lapses [23–26]. Violations
refer to a driver’s intention to infringe on the regulations of safe driving (e.g., overtaking a slow
driver on the inside). Aggressive violations are hostile motivations for aggressive driving (e.g., getting
angry at a driver and expressing your anger in some ways). Errors refer to misjudgements and
observational failures in driving (e.g., failing to notice that pedestrians are crossing when turning
into a side street); while lapses refer to limitations in memory and attention (e.g., hitting something
overlooked when reversing).

2.2. Correlates of the Driver Behaviour Questionnaire Factors

Gender and age are the demographic factors that are reported to be correlated with the DBQ
factors. Mesken et al. [27] found that men report fewer lapses and more violations than women do.
Shi et al. [28] also showed that aggressive violation behaviours in male drivers are more common
compared with female drivers. On the other hand, the authors found that male drivers make fewer
errors and violations. Furthermore, Rimmö and Hakamies-Blomqvist [29] reported that males and
females had similar results in the DBQ structure. Batool and Carsten [30] also found no significant
gender differences in the violation score. Sullman et al. [23] indicated that younger drivers tend to
have higher ordinary and aggressive violation. Batool and Carsten [30] found that younger drivers
display more dangerous driving behaviours. Among other variables, some studies found that a high
annual mileage, greater violations, and fewer lapses were correlated [16,23]. Batool and Carsten [30]
found that middle-income group drivers were more likely to display aggressive driving behaviour.
Furthermore, de Winter and Dodou [15], through a meta-analysis, showed that age and annual mileage
could be important correlates of errors and violations. The authors concluded that younger drivers
tend to have more violations and error scores, while more driving exposure was positively associated
with violations and errors.

2.3. Predictors of the Risks (Accident Involvement)

Several studies have shown that older drivers have a lower rate of accident involvement [23,31],
while an increased annual mileage (or driving exposure) escalate accident risks [31,32]. However,
studies have not found any definitive and significant association between the driver’s gender,
age, annual mileage, level of education, and accident risks, including accident involvement and
receiving traffic tickets [24,33]. In addition to accident involvement, traffic tickets can be used as a risk
indicator. A traffic ticket is the primary means of traffic law enforcement. Both types of tickets (either
by a police officer or by traffic cameras) have been included in this study.

Regarding the relationship between the DBQ factors and accident risks, studies have found that
ordinary violations [23,24,34–37], aggression [35], and pushing-speeding [38], as well as lapses and
errors [39] are related to accident risks. For instance, Gras et al. [24] found that higher violation scores
were positively related to accident involvement. Rowe et al. [36] reported that higher violations were
related to the bus drivers’ accident involvement. Bener et al. [39] showed that higher scores of errors,
aggression-speeding, and lapses were positively related to accident involvement.

2.4. Contribution of the Current Study

The literature suggests that (1) most of the previous studies have been conducted on samples
obtained from the general driving population, including car, bus, and truck drivers; (2) a large
body of studies has examined the DBQ in Western and European countries and areas with good
safety performances, such as Denmark [40], the United Kingdom [36], France [41], New Zealand [23],
Australia [26,32], and North America [25]; and (3) most of the previous studies have limited themselves
to an examination of the correlation between a few demographic variables (e.g., age and gender) and
driving characteristics (e.g., annual mileage), and DBQ factors and accident risks. Despite extensive
review, we did not find any study that focused on the DBQ factors of taxi drivers in a Middle Eastern
context. Machin and De Souza [42] showed that 29.7% of the accidents were caused by unsafe driving
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behaviours of taxi drivers in Australia. Also, they found that the major variables contributing to the
unsafe driving behaviours were aberrant driving behaviours and personal factors. Hence, this study
contributes to the literature by examining a wide range of socioeconomic variables in predicting high
scores of the DBQ factors and accident risks among Iranian taxi drivers.

2.5. Aims and Hypotheses

The aim of this study was to examine the association between different background variables
and the DBQ factors of Iranian taxi drivers, and their accident involvement and receiving traffic
tickets. It was hypothesized that the drivers with different taxi driving experiences, demographics, and
socioeconomic features might display different aberrant driving behaviour (e.g., lapses and ordinary
violations). For example, well-educated and older drivers often commit fewer violations. We were
also interested in investigating the role of a several variables such as years of taxi driving experience,
household size, and economic status of drivers (e.g., income status and car ownership), as well as the
DBQ factors in the accident involvement and traffic tickets.

3. Materials and Methods

3.1. Procedure and Respondents

A sample of Iranian taxi drivers was recruited during October and November 2016.
A cross-sectional design using a self-completion questionnaire survey was employed for data collection
in this study. Based on local data resources such as the number of taxi drivers and taxi stations in the
urban network, 20 taxi stations were selected for data collection in two Iranian cities. The study areas
were in Bojnurd and Neyshabur in the northeast of Iran. Bojnurd and Neyshabur have a population
of 324,083 and 451,780, respectively [43]. Public transport (PT) in the cities includes urban buses and
taxis (shared taxi). The taxis have specific stations (origins and destinations) across the cities. However,
they do not have dedicated paths and hence drive on all main streets and roads similar to other private
vehicles in the cities. The taxi stations are usually fixed-point waiting locations for picking up and
dropping off passengers. Taxis usually have a capacity of four passengers and as soon as a taxi picks
up its four passengers, the driver heads for the destination. The selected cities have some interesting
features, which motivated us to select them for in this study. For example, their public transport
system and the general urban traffic patterns are representative of most Iranian cities and other less
developed regions in the Middle East.

A convenience sampling method was employed to collect data in the taxi stations. Of the 405
distributed questionnaires among taxi drivers in the selected stations, 24 had not answered the
questions relevant to risk involvement and DBQ. Hence, these cases were removed from the analysis,
leaving 381 valid observations for further analysis. It is important to note that almost all of the Iranian
taxi drivers are males. Therefore, the present sample only included male taxi drivers.

Participation in the study was on an anonymous and voluntary basis. The taxi drivers were
ensured that the survey and responses would have no influence on their driving assessment by the
traffic police or taxi industry management. They were also assured that no information would be
delivered to their employing firms.

3.2. Measures

3.2.1. Demographic, Socioeconomic, and Driving Characteristics

Information regarding the drivers’ demographic and socioeconomic variables and driving
characteristics were gathered in the first part of the questionnaire. The age, educational background
(above high school = 1, high school or lower = 0), marital status (single = 1, other = 0), household size,
car ownership status, and income level of the participants were recorded. The driving characteristics
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including the annual mileage (km), years of driving’ experience, and hours of driving in a week, and
the number of respondent’s daily taxi trips were also recorded.

3.2.2. Driver Behaviour Questionnaire Measurement

The validated 27-item DBQ [17,19] was used to measure aberrant driving behaviour. The original
version of DBQ in Persian, which has been used in this study, was already tested and validated on
a group of professional lorry drivers in Iran [20]. The content validity of the original questionnaire
was checked by a panel of experts. In addition, before data collection, a pilot survey was conducted
among 30 taxi drivers in the study area, to examine whether the survey instruments and procedures
yielded the desirable outcomes. The pilot study led to minor corrections in the questionnaire.
For instance, the wording of some background variables was revised and one DBQ-item was changed.
The original English items were translated into Persian by two native Persian co-researchers; these were
then translated back into English by another English expert. A six-point Likert scale (0 = never,
1 = hardly ever, 2 = occasionally, 3 = quite often, 4 = frequently, and 5 = nearly all the time) was
used for measuring all of the items. The taxi drivers were questioned to report how often they had
engaged in each of the 27 behaviours in the past year. The instrument included eight items relevant
to lapses (L) like, “Realise that you have no clear memory of the road you have been travelling on”.
Aggressive violations (AV) contained six items, such as, “Become angry at another driver and chase
them with the intention of showing them how angry you are”. Ordinary violations (V) included five
items, such as, “Disregard the speed limit on a residential road”. Errors (E) also contained eight items,
such as, “When turning left, nearly hit a bicycle rider who has come up on your left”.

3.2.3. Risk Involvement

The information regarding the taxi drivers’ accident involvement and the number of traffic tickets
was queried. The survey assessed how many accidents the taxi drivers had been involved in during
the last year. The definition of accidents also covered injury to the participant (and any other person,
such as pedestrians) and damage to property or vehicles [23]. The number of received traffic tickets of
the taxi drivers was also recorded for the past year.

3.3. Statistical Analysis

To reveal the profiles of the background variables (demographic, socioeconomic, and driving
characteristics) and the overall scores of the DBQ items, descriptive statistics were applied. To test
the DBQ’s dimensional structure, the instrument principal component analyses (PCA) with a varimax
rotation and iteration were applied. To determine the number of extracted components, the Scree-plot
and Kaiser criterion (an eigenvalue above 1.00 was considered to be a significant value) were used.
A factor loading above 0.40 was used as a criterion for items to be retained in the DBQ components.
To test the internal consistency and reliability of the scales, Cronbach’s α (alpha) was calculated.
Furthermore, the average corrected inter-item total correlations (Aiic) were calculated as indicators of
reliability, because Cronbach’s α tends to be biased when the scales contain few or many items [44].
The cut-off value of 0.30 was considered for the Aiic. In addition to the PCA, a confirmatory factor
analysis (CFA) was utilized to confirm the factors identified in the current study and in the literature.
The factor structure of the 27-item DBQ was confirmed using CFA with Amos 23. The root mean
square error of approximation (RMSEA), the comparative fit index (CFI), and the Tucker–Lewis index
(TLI) were applied as fit indices to determine the fitness of the data with the specified model [45].
RMSEA values below 0.06 and CFI and TLI values between 0.90 and 0.95 reflected an adequate fit [46].
The chi-square (χ2) with corresponding significance level was also reported.

To predict the scores of the identified DBQ-factors across the background variables (demographic,
socioeconomic variables, and driving characteristics), four linear regression models were employed.
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The multiple linear regression model with the k predictor variables (x1, x2, x3, . . . , xκ) and a continuous
(or interval scale) dependent variable, y, can be written as Equation (1), as follows:

y = β0 + β1x1 + β2x2 + . . .βkxk + ε (1)

where ε is the residual terms of the model and βi is the regression coefficient. The ordinary least
squares method was used for estimation. Furthermore, two binary logistic regression models were
applied to predict the accident involvement and received traffic tickets. The binary logistic regression
model is a type of predictive modelling that can be applied when the dependent variable is binary;
that is, when there are only two possible outcomes (e.g., accident involvement = 1, otherwise = 0).
The general form of the logistic regression model is Equation (2), as follows:

log(
p1

1 − p1
) = β0 + β1x1 + β2x2 + . . .βkxk (2)

where, p1 is the probability that x1, x2, x3, . . . , xκ are predictors, and βi is the regression coefficient.
To estimate this model, the maximum likelihood method was employed.

Furthermore, the dichotomous variable (yes/no) about accident involvement and ticket
involvement was defined as the dependent variable in the binary logistic models. The dependent
variable of the self-report accident involvement was set to 1 if the drivers had been involved in at least
one accident over the past year, and zero otherwise (no accident). Furthermore, the dependent variable
for the self-report traffic tickets was set to 1 if they had received at least one traffic ticket during the
past year, and zero otherwise (no ticket).

In addition to the variables found statistically significant in a 95% confidence interval, all of the
non-significant tested variables have been adjusted for and been reported in the models. To calculate
the marginal effect of each explanatory variable on the outcome variable, the odds ratio (OR) was
reported. The OR for an explanatory variable indicates the relative amount by which the odds of
a dependent variable increase (OR >1) or decrease (OR <1) when the value of the explanatory variable
is increased by 1.0 unit. These statistical analyses were carried out in SPSS 22.0.

4. Results

4.1. Characteristics of the Driver Behaviour Questionnaire Items

Table 1 shows the descriptive statistics of the background variables. On average, the taxi drivers
were 36.26 years old (standard deviation (SD) = 11.57). The mean annual driving mileage was 79,143.31
km (SD = 72875.12) (see Table 1). The drivers had an average of 81.32 (SD = 62.67) hours of driving in
a week, and 13.42 (SD = 14.21) years of experience driving a taxi. On average, 38.03% of the respondents
reported that they had been involved in at least one accident during the last year.

Table 2 shows the means and standard deviations of all of the DBQ items reported by the taxi
drivers. Among the 27 DBQ items, on the aggressive violation item, “Get angry at a certain type
of driver and express your anger any way you can” (mean (M) = 2.24, SD = 1.97) and an ordinary
violation item, “Drive so close to the car in front that it would be difficult to stop in an emergency”
(M = 2.11, SD = 1.78), were the highest reported aberrant driving behaviours (Table 2). The item,
“Misread signs and exit roundabout on the wrong road” (M = 1.43, SD = 1.32) was the highest reported
lapse among taxi drivers. Furthermore, the item, “Queuing to turn left onto a main road, you pay such
close attention to the traffic on the main road that you nearly hit the car in front” (M = 2.01, SD = 1.69)
was the most prevalent reported error.

4.2. Dimensionality and Reliability Indices of the Driver Behaviour Questionnaire Items

The PCA with iteration and varimax rotation showed that the DBQ segmented into four
dimensions in the sample of the Iranian taxi drivers. Table 3 shows the results of the PCA solution.
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This solution explained 55.12% of the variance. The first dimension, the errors, included eight items
(Cronbach α = 0.76, average corrected inter-item correlation = 0.61, explained variance = 22.33%).
Ordinary violations, the second dimension, contained six items (Cronbach α = 0.83, average corrected
inter-item correlation = 0.69, explained variance = 13.47%). The third dimension, lapses, included four
items (Cronbach α = 0.71, average corrected inter-item correlation = 0.50, explained variance = 10.77 %).
The fourth dimension, the aggressive violations, included three items (Cronbach α = 0.74, average
corrected inter-item correlation = 0.51, explained variance = 8.55%). The results of a CFA for the
DBQ displayed good fitness (χ2 = 750.14, degree of freedom = 203, p < 0.001, RMSEA = 0.052,
CFI = 0.92, TLI = 0.92) with a four-factor structure, which was similar to the PCA results. As for
the distribution, all of the variables used in the CFA were shown to have normal distribution.
Furthermore, the Shapiro–Wilk (S–W) test for all of the variables did not indicate any significant
deviation from normality.

4.3. Predictors of the Driver Behaviour Questionnaire Factor Scores

Table 4 shows that four multiple linear regression models significantly predicted four factors
of the DBQ as four dependent variables (DV) (e.g., the model summary for the model with DV
‘error’ F-value = 2.20, p < 0.01, R2 = 0.11, Adjusted R2 = 0.08). Older taxi drivers reported more errors
(Beta (B) = 0.24, p < 0.001), and lower ordinary (B = −0.83, p < 0.05) and aggressive violations (B = −0.48,
p < 0.001). A higher educational background had a negative effect on aggressive violations (B = −0.82,
p < 0.001). Drivers who were single were more likely to commit ordinary (B = 0.15, p < 0.01) and
aggressive violations (B = 1.21, p < 0.001). A higher level of car ownership (B = −0.25, p < 0.05) and
income (B = −0.41, p < 0.05) were positively associated with more aggressive violations. A higher
annual driving mileage was related to more ordinary (B = 0.51, p < 0.001) and more aggressive
violations (B = 0.28, p < 0.05). Furthermore, more hours of driving were positively associated with
greater violations, while more years of driving experience were correlated with fewer violations.
The taxi drivers who had more daily trips tended to report more violations.

4.4. Predictors of the Risk Involvement

Table 5 shows that two binary logistic models significantly predicted accident involvement
(Model χ2 = 203.91, p < 0.001) and traffic tickets (Model χ2 = 198.12, p < 0.001). The old age of taxi
drivers (OR = 0.78, p < 0.001) and high-income level of households (OR =0.86, p < 0.05) were negatively
related to a traffic accident. The results showed that driver’s marital status (OR = 1.61, p < 0.001),
higher annual driving mileage (OR = 2.12, p < 0.001), higher hours of driving (OR = 1.75, p < 0.001),
and higher number of daily taxi trips (OR = 1.83, p < 0.001) were positively associated with the
accident involvement. Regarding the relationship between the DBQ-factor and accident involvement,
more ordinary violations (OR = 1.63, p < 0.001) and aggressive violations (OR = 1.92, p < 0.001) were
positively related to accident involvement.

The results also showed that being a single driver (OR = 1.85, p < 0.05), having a higher annual
mileage (OR = 2.75, p < 0.001), higher hours of driving in a week (OR = 2.10, p < 0.001), a higher number
of daily trips (OR = 1.48, p < 0.001), more errors (OR = 1.34, p < 0.001), and more ordinary violations
(OR = 1.28, p < 0.05) were positively associated with receiving traffic tickets. Also, a higher level of car
ownership (OR = 0.83, p < 0.05) and higher income level (OR = 0.92, p < 0.05) were negatively related
to traffic tickets involvement.
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Table 1. Descriptive statistics of the background variables and risk involvement (n = 381).
SD—standard deviation.

Variable Description Mean SD

Age of driver Continuous variable 36.26 11.57
Educational background of driver High (higher than high school) = 1, low = 0 0.37 0.47
Driver’s marital status Single = 1, otherwise = 0 0.14 0.34
Driver’s household size Number 2.90 1.82
Number of owned private car in household Number 0.94 0.35

Driver’s income status Higher than two million Tomans * = 1,
otherwise = 0 0.14 0.35

Annual driving mileage Continuous variable (kilometres in the last
year) 79,143 72,875

Hours of driving in a week Continuous variable (hours in a week) 81.32 62.67
Years of driving experience of a taxi Continuous variable (unit: year) 13.42 14.21
Number of respondent’s taxi trips in each day Number 47.34 45.57
Accident involvement in the last year
(self-reported) At least one accident = 1, no accident = 0 0.38 0.48

Traffic tickets involvement in the last year
(self-reported) At least one ticket = 1, no ticket = 0 0.43 0.49

* 1 Euro = 3496 Tomans (August 2017).
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5. Discussion

The purpose of the current study was to examine the predictors of risk involvement and aberrant
driving behaviour among Iranian taxi drivers. The study attempted to identify the barriers of public
health in the professional or occupational context of taxi drivers.

Firstly, in accordance with several previous studies that have been conducted among the general
driving population of car, bus, and truck drivers in other countries, the current study identified and
confirmed a four-factor solution of the DBQ for taxi drivers [19,24,26]. Secondly, the study explored
several predictors of drivers’ aberrant driving behaviours. Thirdly, the study examined whether
the demographic, socioeconomic, driving characteristics, and the DBQ factors (error, lapse, ordinary
violation, and aggressive violation) could predict two outcomes of risk involvement (accident and
traffic tickets).

The majority of studies conducted on the general driving population in countries with a Western
cultural orientation showed that some of the DBQ factors, such as ordinary violation and demographic
characteristics (e.g., age), were predictors of accident involvement [15]. In contrast to several previous
studies, and in accordance with the hypotheses of the study, the findings of the current study showed
that several socioeconomic variables and aberrant driving factors were significant predictors of risk
involvement among Iranian taxi drivers. The findings indicated that, in addition to ordinary violations,
the reported errors and aggressive violations of taxi drivers could be seen as significant and positive
predictors of risk involvement in Iran. These findings support our hypotheses that drivers with
different taxi driving experiences, demographics, and socioeconomic features as well as different DBQ
factors might influence risk involvement among taxi drivers.

Somewhat expectedly, the mean scores of the DBQ-items, including items relevant to ordinary
violation such as, “drive so close to the car in front that it would be difficult to stop in an emergency”,
and aggressive violations such as, “get angry at a driver and express your anger any way you
can”, were higher among Iranian taxi drivers compared with the general driving population [24,26],
bus drivers [37], and truck drivers [23] in Western countries. A plausible explanation may be the nature
of the study population (urban taxi drivers versus general public). In particular, a higher exposure of
Iranian taxi drivers and also more hours of driving in urban road traffic influenced aberrant driving
behaviours. A potential explanation for this relationship may be the negative influence of factors
related to driver’s work-related physical and mental characteristics, such as fatigue, sleepiness, anger,
and stress [9,47]. Additionally, heavy traffic, narrow streets, the overall chaotic driving environment
in the study area, delays and traffic congestion might increase such mental and physical features.
Nordfjærn et al. [48] also speculated that professional drivers might perceive significantly more
control and be involved in more accidents compared with non-professional drivers. This suggests that
professional drivers like taxi drivers may constitute a risk group in the road traffic.

Regarding the relationship between the aberrant driving behaviour and different background
variables, the four DBQ factors were significantly predicted by several explanatory variables, such as
the age and income status of drivers. In contrast to several previous studies [15], and in line with
the results of Tabibi et al. [49] and the hypotheses of this study, the findings showed that older taxi
drivers were more likely to commit driving errors. Interestingly, high-income drivers were less likely to
commit aggressive violations. To decrease violations, the finding highlights that policymakers should
consider the income status of taxi drivers, such as the development of taxi trade unions and developing
salary regulations in Iran. Additionally, single taxi drivers were more likely to report ordinary and
aggressive violations. These drivers might generally be more likely to engage in risk-taking behaviours
and excitement-seeking behaviours [50].

In line with previous studies [23,24], the probability of involvement in a traffic accident tended
to increase with the more reported ordinary violations. In addition to ordinary violations, the study
found that more aggressive violations of taxi drivers were strong and positive predictors of accident
involvement. This study also investigated the predictors of other measures of risk involvement
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(i.e., receiving traffic ticket). More errors and ordinary violations were positively related to greater
traffic ticket involvement.

Among the background variables, the young age of taxi drivers was associated with involvement
in accidents, which is congruent with the literature [23]. The authors found the positive influence of
young age on the higher accident involvement of truck drivers in New Zealand. Single drivers are
more likely to be involved in an accident and receive traffic tickets. Previous findings have also shown
that single drivers are more prone to risk-taking behaviours (e.g., [51]). The findings also showed that
a higher annual mileage, higher hours of driving, and a higher number of daily trips were related to
higher accidents and tickets. Lourens et al. [31] also showed that accidents were positively correlated
with annual mileage (exposure) in the general driving population in the Netherlands. Policymakers
could aim to reduce accident involvement of their taxi drivers by controlling the road traffic exposure
among the drivers.

To summarise, among the different demographic, socioeconomic, and driving factors, being
a young and single driver alone, with factors such as a high income, high annual driving mileage
and hours of driving, higher number of daily taxi trips, and reported ordinary and aggressive traffic
violations were positively related to a higher accident involvement among taxi drivers. However,
educational background, household size, car ownership status, driving experiences, errors, and
lapses were not associated with accident involvement. Furthermore, the non-ownership of the cars,
low income, high annual driving mileage and hours of driving, high number of daily taxi trips, more
errors, and ordinary traffic violations were positively associated with receiving more traffic tickets.
Meanwhile, the age of drivers, educational background, household size, driving experiences, lapses,
and aggressive violations did not significantly affect the relationship between the explanatory variables
and receiving traffic tickets.

Limitations

The present study has limitations such as the self-reported nature of measurements,
the cross-sectional design, and convenience sampling. The questionnaire was based on self-reports
including demographic variables, socioeconomic characteristics, risk involvement, and psychological
instruments such as aberrant driving behaviour (the 27-item DBQ). This may impose limitations
regarding potential socially desirable responses, causal explanations between the variables, and issues
regarding representativity. However, in the present study, we examined a rather large sample (10% of
the study population) of taxi drivers scattered in all regions of Bojnurd and Neyshabur (two cities in
Iran). This may increase the likelihood of a representative sample. A great deal of underreporting and
forgetting about driving accidents has been pointed out in a study [24]. This issue also reduces the
strength of any potential relationship and the variability in accident involvement.

6. Conclusions

Much of the previous research on aberrant driving behaviour has focussed on examining the
factor-solution of the DBQ among the general driving population in Western settings. Little evidence
exists to investigate a wide-range of demographic variables, socioeconomic characteristics, and driving
factors on the DBQ factors, as well as on the accident involvement among taxi drivers as public
transport drivers in the Middle East context. This research augmented the literature by exploring
the predictors of the DBQ factors and the risk involvement among Iranian taxi drivers. The study
explored a four-factor solution of a 27-item DBQ including errors, ordinary violations, lapses, and
aggressive violations. The study further indicated that several variables such as the drivers’ age,
marital status, annual mileage, number of daily trips, and ordinary and aggressive violations could
influence accident involvement.

The findings of the current study could be utilized for implementing and planning safe driving
behaviour interventions among taxi drivers. For example, interventions aimed to enhance the traffic
safety of taxis, as public transport, could tackle these risk by careful management of the work schedules,
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including the number of daily trips, hours of driving (see [52]), and improving the economic conditions
of taxi drivers [5]. This encourages more country-specific studies in the future. This may also require
an attitude change in the taxi industry management, where safety is equally important or prioritized
over economic profits and efficiency. Furthermore, establishing improved training and qualification
mechanisms for taxi drivers could be implemented by traffic safety experts to reduce the ordinary and
aggressive violations among the specific groups of taxi drivers, such as young and single drivers.

Author Contributions: The authors’ contributions in the article are as follows: J.V.: Conceived the study, literature
review, research design, data collection, manuscript writing; A.S.M.: Content planning, procedure management,
research methodology and analysis; Z.T.: Content planning and research methodology; M.M.: Content planning,
manuscript writing and editing and analysis.

Funding: This research received no external funding.

Acknowledgments: The authors would like to acknowledge the contributions of taxi drivers, who in different
ways, helped us to conduct the research.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. PIARC—World Road Association (WRA). Road Safety Manual [CD-ROM]; Piarc Technical Committee on
Road Safety: Harrogate, UK, 2003.

2. Walshe, E.A.; Ward McIntosh, C.; Romer, D.; Winston, F.K. Executive function capacities, negative driving
behavior and crashes in young drivers. Int. J. Environ. Res. Public Heaith 2017, 14, 1314. [CrossRef] [PubMed]

3. Zhu, M.; Rudisill, T.M.; Rauscher, K.J.; Davidov, D.M.; Feng, J. Risk Perceptions of Cellphone Use While
Driving: Results from a Delphi Survey. Int. J. Environ. Res. Public Heaith 2018, 15, 1074. [CrossRef] [PubMed]

4. Shi, J.; Tao, L.; Li, X.; Xiao, Y.; Atchley, P. A survey of taxi drivers’ aberrant driving behavior in Beijing.
J. Transp. Saf. Secur. 2014, 6, 34–43. [CrossRef]

5. Wang, Y.; Li, L.; Prato, C.G. The relation between working conditions, aberrant driving behaviour and crash
propensity among taxi drivers in China. Accid. Anal. Prev. 2018. [CrossRef] [PubMed]

6. Razmara, A.; Aghamolaei, T.; Madani, A.; Hosseini, Z.; Zare, S. Prediction of safe driving behaviours based
on health belief model: The case of taxi drivers in Bandar Abbas, Iran. BMC Public Health 2018, 18, 380.
[CrossRef] [PubMed]

7. Razmara, A.; Aghamolaei, T.; Madani, A.; Hosseini, Z.; Zare, S. Risky behaviors of taxi drivers in Bandar
Abbas, Iran. Electron. Phys. 2018, 10, 6588. [CrossRef] [PubMed]

8. Poó, F.M.; Ledesma, R.D.; López, S.S. The taxi industry: Working conditions and health of drivers, a literature
review. Transp. Rev. 2018, 38, 394–411. [CrossRef]

9. Bener, A.; Lajunen, T.; Özkan, T.; Yildirim, E.; Jadaan, K.S. The impact of aggressive behaviour, sleeping, and
fatigue on road traffic crashes as comparison between minibus/van/pick-up and commercial taxi drivers.
J. Traffic Transp. Eng. 2017, 5, 21–31. [CrossRef]

10. Mehdizadeh, M.; Nordfjaern, T.; Mamdoohi, A.R.; Mohaymany, A.S. The role of parental risk judgements,
transport safety attitudes, transport priorities and accident experiences on pupils’ walking to school.
Accid. Anal. Prev. 2017, 102, 60–71. [CrossRef] [PubMed]
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