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Workers’ health surveillance as component of occupational health care 
Health is important for all workers, and occupational health care can play an 
important role in monitoring workers’ health. Occupational health care aims at 
providing safe work for employees, preventing work-related diseases, facilitating 
participation of employees with and without limitations and improving 
functioning at work.1 To achieve these aims, several strategies can be used. For 
example, a pre-employment medical examination can be performed at the start 
of an employee’s appointment to a specific task. This medical examination aims 
to assess a job applicant’s capacity to work without risk to their health and safety 
or to the health and safety of others.2 The assessment may be a mandatory part of 
the employment contract. 

After the employee is hired, other strategies should be implemented to 
monitor and guide the employee’s health. Throughout the employee’s career 
workers’ health surveillance (WHS) can be used to monitor the employee’s health 
over time. In 1998, the International Labour Organization (ILO) described the 
principle behind WHS as being the “prevention of occupational and work-related 
diseases and injuries”.3 They also suggested that data collected through WHS 
should be applied to protect the health of the employees.3 WHS should focus on 
signalling emerging work-related risk factors and work-related health complaints. 
Additionally, it should result in the application of relevant interventions to 
prevent decreased work ability. In some countries WHS is also used to determine 
risk factors and health complaints; however, in other countries, it is applied 
separately. In the Netherlands signalling of risk factors is performed apart using 
risk assessments (RI&E), as in some other countries risk factors are signalled 
using hazard surveillance.4 In countries in which risk signalling and WHS are 
used independently, WHS is used for early detection of adverse health effects 
resulting from occupational exposures with prompt institution of appropriate 
preventive measures.4 WHS is used to signal health effects or loss of function in 
an early stadium. When adverse health effects and loss of work functioning can be 
prevented job-loss might be avoided. In summary, the goal of WHS is to monitor 
an employee periodically to detect adverse health effects or health effects that 
influence job functioning with the opportunity to start appropriate preventive 
interventions. The term “WHS” is used in this thesis from this standpoint.
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general or job-specific workers’ health surveillance? 
Historically, WHS was performed to gather general medical information of an 
employee. After this general approach, a more job-specific survey was suggested 
in the nineties of the last century. For example, ILO advised relating the content 
of the surveillance to the specific nature of the job.3 Louhevaara et al. proposed 
a job-specific test for fire fighters5, and afterwards, this was proposed for several 
jobs by Sluiter.6

Advantages and disadvantages of the general and job-specific strategies 
should be considered. The advantage of general WHS is its ability to measure 
many aspects of the employee’s overall health, and consequently, the employee 
will receive feedback on his/her general health status. However, this diverse 
surveillance entails several disadvantages. The ILO described four criteria that 
surveillance must meet: need, relevance, scientific validity and effectiveness.3 
The disadvantages of general health screening pertain to the first and second 
criteria: the need and relevance of the screening. There is no need or relevance 
to screen the general health of all employees because this medical information 
may not reveal problems in job functioning. Furthermore, screening in this 
manner may potentially harm the employee. Physical harm may be caused by 
the tests, and employees (mis)diagnosed with medical conditions may be harmed 
psychologically. Labelling an employee who feels well as “sick”, can cause that 
person to assume a “sick role” and  has been shown to affect overall well-being and 
occupational functioning7; it may also result in unnecessary medical treatments, 
costs and potential loss of employment. Furthermore, all screens are subject to 
false-positives, which gives a positive result in patients without the disease.8 In a 
healthy working population the occurrence of diseases may be rare, and therefore, 
the positive predictive value of the tests is then lower compared to populations in 
which the disease is common.8 

Because of the disadvantages of this general approach, job-specific testing was 
proposed, in which only work-related health aspects were measured in WHS.6 
The advantage of job-specific WHS is that need, relevance and scientific validity 
of the tested aspects are more evident because of the exposures and tasks in the job 
considered when WHS was developed. The use of job-specific WHS should lead to 
more valid and, as a consequence, more relevant results for the monitoring of the 
employee’s health. A job-specific testing approach should lead to the early detection 
of health effects and loss of work functioning, which may prevent work-related 
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disease and promote safe and healthy job performance. However, a job-specific 
approach might not be comprehensive when tasks in the job change regularly, and 
therefore, the job-specific tests need to be adapted more often to remain a good 
reflection of the job tasks.   

high-demand jobs
As proposed previously, job-specific WHS may be a promising tool in monitoring 
an employee’s health by signalling adverse health effects or loss of work functioning 
and in initiating evidence-based interventions by the occupational physician 
to allow the employee to continue working with good job functioning without 
adverse health effects. However, in jobs with high demands, WHS might have 
more potential influence on the health and functioning of the worker compared 
to other jobs. Jobs with high demands involve hazardous exposures that cannot 
be prevented or may reveal safety risks at the workplace.6 If the worker is no 
longer able to meet the high demands of a job, the worker’s health and safety 
may be in danger. Police personnel, for example, must meet such high demands; 
Winwood et al. have described psychological specific demands9 and Arvey 
and Landon and Osborn have described the presence of physical demands.10,11 
Another job with such high demands is fire-fighting, which also contains high 
physical and psychological demands.6,12-18 High-demand jobs may also involve 
potential public health implications, because of the health risk that workers may 
impose upon others during the course of their work.6 Therefore, if the employee 
fails to meet the requirements of the job, the safety and health of the employee 
can be in danger, as can the safety of other parties, such as colleagues or the 
public. Occupations such as emergency services personnel (police, ambulance 
and fire-fighting personnel) and military personnel may all fit the description of 
high-demand jobs. For fire fighters, one of the tasks is to rescue individuals from 
vehicles or burning buildings. If the health requirements of the worker do not 
meet the demands of this task, impaired functioning of these tasks may result in 
dramatic consequences for the fire fighter, as well as for colleagues and the public. 

Monitoring the health requirements with job-specific WHS in these workers 
affects public health, and is therefore of extra importance. In theory, the application 
of job-specific WHS in high-demand jobs might have many advantages. However, 
the worldwide use of job-specific WHS and its effectiveness has been unknown 
until now.
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conceptual model for the interaction between the employee, work, health effects 
and Whs
The conceptual model, shown in Figure 1, presents the interactions between the 
employee, his/her work, his/her health effects, his/her work functioning and 
WHS. The arrows in the figure are numbered and the interactions reflected by 
the arrows are described below.  

Each employee performs job tasks in a unique manner. The demands in the 
job result in a load for the individual employee. Therefore, there is an interaction 
between work and the employee (Arrow 1). Depending on the task and the 
capacity of the worker, the load might result in short or long-term health effect 
or loss of work functioning (Arrow 2). In an optimal situation, the employee-
work fit would be balanced. In that situation, the employee could safely perform 
the job well, without adverse health effects. If the worker is no longer able to 
handle the load, short- or long-term adverse health effects may develop and loss 
of work functioning may occur. The health effects and work functioning can be 
periodically monitored using WHS (Arrow 3). If adverse health effects or loss of 
work functioning are found in WHS, the occupational physician should initiate 
an intervention. Using interventions, the occupational physician can improve the 
adverse health effects and reinforce the balance between the employee and the 
work (Arrow 4) to strive to a healthy employee who can function well in his/her 
job. 

Using this conceptual model, WHS was developed for Dutch fire fighters.17 
This WHS addressed all work-related health effects and health requirements. For 
the occupational physician, evidence-based interventions were described, which 
could be initiated when adverse effects or loss of work functioning were found. A 
description of WHS for fire fighters, with its interventions is given in Appendix 1 
at the end of this chapter.  
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Figure 1 Conceptual model illustrating the interaction between the employee and work, 
resulting in health effects and work functioning, and the workers’ health surveillance 
intervening with it, based on van Dijk et al. 19

detecting health effects in (subgroups of) fire fighters
It is known that work positively affects an employee’s quality of life, financial 
situation and meaning in life.20 Contrary, work might sometimes cause negative 
effects, e.g., for health. If there is an imbalance between the work and employee, 
work might contribute to the development of adverse health effects. Moreover, the 
presence of adverse health effects might influence the work. It is of importance to 
question the influence of those health effects on work ability, to be able to prevent 
reduced work ability or work-disability by initiating appropriate interventions.  

Specific subgroups of employees may be more susceptible to adverse health 
effects. Many studies have been performed on health effects in subgroups of 
emergency personnel who were exposed to disasters.21-23 Very few studies can 
be found on high-risk groups for work-related health requirements of fire 
fighters during the ‘normal’ course of their career. Subgroups that could be used 
for the high-risk approach are age, gender and professionalism. In the scarce 
literature published about ageing in fire fighters older fire fighters were shown 
to experience significantly higher emotional and mental demands than their 
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younger colleagues.24 In contrast to the psychological demands, huge variations in 
lifting capacity and determined workload was found in and between age-groups.24 
Therefore, age-groups may or may not be useful in predicting susceptibility in 
fire fighters. Literature on subgroups of fire fighters pertaining to gender and 
professionalism (professional fire fighters versus volunteer fire fighters) is scarce as 
well. Nevertheless, if subgroups with a higher risk are present, they could provide 
a reason for using parts of job-specific WHS more frequently, to focus on specific 
health problems for certain groups. This strategy is called the high-risk approach 
and was first described by Rose.25 The high-risk approach is a strategy that seeks to 
identify high-risk susceptible individuals and to offer some individual protection. 
This strategy is in contrast to the population strategy, which seeks to control the 
determinants of incidence in the population as a whole.25 This high-risk strategy 
has already been applied in the prevention of cardiovascular disease, high-risk 
and population strategies are recommended to be used together.26

necessary steps before implementing job-specific Whs
After WHS is developed (Appendix 1) it must be implemented. Before definitive 
implementation, a pilot-implementation can provide conditional knowledge. 
Scientific and practical value of WHS should be determined. For scientific 
value, the best instruments to measure the relevant job-specific health aspects 
have to be determined in the development of WHS. If appropriate instruments 
are not available, new instruments must be developed. However, before 
implementing those new instruments as part of WHS clinimetric characteristics 
of the instrument, such as reproducibility and validity, should be determined.27 
Reproducibility refers to reliability and agreement.27 Reliability of an instrument 
is important when an instrument is used to discriminate between individuals 
because reliability is the ability of a test to distinguish between persons despite 
measurement error. Reliability is a property of the instrument and is dependent on 
the heterogeneity of the population in which it is used and should be tested in this 
same population.28 In the case of an evaluative instrument, agreement parameters 
are also required. Agreement reflects the (extent of the) expected differences 
between repeated measurements28 (i.e., the level of agreement of a score at the first 
testing moment compared to a score at the second testing moment for the same 
person). WHS will be used to discriminate between workers and will be used 
repeatedly in the same person over time. Therefore, reliability and agreement are 
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important for the tests in WHS. In addition to reproducibility, it is important to 
evaluate validity: whether the instruments in WHS measure what they intend 
to measure.29 In this step, construct validity is of importance. Construct validity 
refers to the instrument’s ability to measure the specific construct of interest.29 To 
examine construct validity, the test should be compared with a standard measure 
of the construct. If a gold standard for the construct is not present, a composite 
reference standard of related variables can be used30 to test the convergent validity, 
as part of the construct validity.29

Besides generating scientific knowledge, it is important to study the 
instrument in its future setting for practical implementation knowledge. When 
implementing something new, such as job-specific WHS, it is important to use 
several phases. Rosen and colleagues proposed a four-phase system in developing 
lifestyle interventions.31 For WHS, this analogy may hold as well. The first phase 
should determine feasibility and acceptability. Feasibility addresses whether an 
instrument can be implemented in practice31 and acceptability addresses the 
opinions of stakeholders with regard to the new instrument.32 Similar to the ideas 
of Bowen et al., when trying to implement something new, stakeholders should be 
involved.32 One of the other important aspects of implementation is identifying 
the potential obstacles and success factors for implementation.33 This is also an 
important aspect in implementing WHS. Combining these important aspects of 
implementation (i.e. determining the factors for success and obstacles together 
with all stakeholders) is necessary in implementation studies. 

Objective and research questions of this thesis 
The main objective of this thesis is to study job-specific workers’ health surveillance 
(WHS) in the context of a high-demand job. 

Main research question: 
Is job-specific WHS for high-demand jobs useful in practice? 

Sub-questions are: 
1) Is job-specific WHS in high-demand jobs practiced and effective?
2)  What are the clinimetric properties of two new job-specific physical tests 

for fire fighters? 
3)  Which adverse health effects are found in (subgroups of) working Dutch 
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fire fighters using active job-specific WHS?
4)  Is job-specific WHS of fire fighters feasible and acceptable for 

implementation? 

Outline of this thesis
In the remaining part of this chapter (Appendix 1) a description of job-specific 
WHS for fire fighters is presented. Chapter 2 of this thesis presents a systematic 
review about the use of job-specific WHS activities and the effectiveness of job-
specific interventions for WHS. In chapters 3 and 4, two new job-specific physical 
tests for fire fighters are described. The third chapter describes the clinimetric 
properties of the fire-fighting simulation test, and the fourth chapter presents a 
study of the reproducibility and validity of the fire-fighting stair-climb test. In 
chapters 5, 6 and 7 health effects in (subgroups of) fire fighters are addressed. 
Chapter 5 focuses on the association between the presence of chronic diseases 
and work ability in ageing fire fighters. Chapter 6 addresses diminished physical 
and psychological health requirements in fire fighters, while chapter 7 focuses 
on determining high-risk subgroups for the diminished health requirements as 
described in Chapter 6. Chapter 8 addresses the implementation of WHS, with an 
evaluation of feasibility and acceptability. Chapter 9 describes the main findings 
of this thesis, and conclusions are drawn. Furthermore, it summarises the results 
and presents recommendations.
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appendix 1: content of job-specific workers’ health surveillance for fire fighters
Before the research for this thesis began, job-specific WHS was developed in 
cooperation with employee and employer representatives of the Dutch fire-
fighting sector. To develop job-specific WHS in the Netherlands, the occupational 
health requirements for fire fighters’ job tasks were studied.17,34 In accordance 
with Dutch legislation,35 to establish the presence of high job demands for fire 
fighters, 12 occupational health requirements were determined: the ability to 
maintain wakefulness and make judgements; the ability to handle peak emotional 
load; the ability to clamber and climb; the ability to squat, kneel and/or crawl; 
the ability to lift; the ability to provide a (peak) energetic load; the ability to work 
in bending positions while providing strength; the ability to work with the arms 
above shoulder height; exposure of the airways/lungs to dust, smoke, gas or 
vapour; sufficient vision; adequate hearing; and exposure of the skin to solid and 
liquid substances. Additionally, the inventory of cardiovascular risk factors, the 
inventory of the presence of some chronic diseases relevant for job functioning 
and self-report of work ability are all included in the Dutch WHS.17 For each 
occupational health requirement the relevant health concept/organ system that is 
involved in performing the task or that is influenced by the task was determined. 
After determining these health concepts, the most appropriate instruments to 
measure the capacity of the organs to perform the requirements were identified. 
Table 1 shows the exact content of the occupational health requirements, along 
with the health effects/involved organ systems and the instruments used to 
measure. The psychological requirements were investigated using a screening 
questionnaire, and the physical requirements were investigated using two job-
specific tests and a self-report. The sense-related requirements were measured 
using a physical examination and a self-report. The cardiovascular requirements 
were tested using a physical examination and self-reports. The chronic diseases 
and work ability were measured with self-reports. 

Furthermore, the most appropriate evidence-based interventions were reported 
in an intervention guideline for the occupational physician. The occupational 
physician should start the interventions after signalling abnormalities – that imply 
that health effect limits were exceeded or loss of work functioning was reported.17 
The intervention for each insufficiency in a health concept is described in Table 2. 
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table 1 Occupational health requirements of fire fighters, translated into necessary health 
concepts or involved organ systems and instruments with applied criteria
Occupational health 
requirement

health concept 
or involved 
organ system

instrument (limit)

psychological requirements
Enhanced wakefulness 
and capacity to judge

Sleepiness
Work-related fatigue
Depression

Epworth sleepiness scale36 (>15)
Need for recovery scale37 (≥5)
Brief symptom inventory 
for depression38 (>0.41)

Ability to handle peak 
emotional load

Post-traumatic stress 
disorder (PTSD)

Impact of event scale39 (≥26)

Anxiety Brief symptom inventory 
for anxiety38 (>0.41)

physical requirements
Physical requirements being 
able to clamber and climb; to 
squat, to kneel and/or crawl; 
to lift; deliver (peak) energetic 
load; back: work in bending 
positions while providing 
strength; working with the 
arms above shoulder height

Cardio-respiratory, 
musculoskeletal, 
relevant strength, 
balance, 
coordination, 
carrying capacity 

I: Fire-fighting simulation 
test17(not passing all parts, 
performing >24 minutes and 35 
seconds or not passing the stair-
climb test within one hour)
II: Fire-fighting stair-climb 
test17(not finishing the test) or 
((not reaching >85% of theoretical 
max. heart rate at the end of the 
test or not within 2 minutes) 
or (not within 1 minute))

Complaints after exposure 
to airways/lungs

Airways/lungs Signalling question after 
exposure to airways/lungs (yes)

sense-related requirements
Sufficient sight

Sufficient hearing

Vision
           
Colour vision
Hearing

Landolt C test40 (best eye <0.8 and 
least eye <0.5) 0.4 m, 0.6 m, 5 m      
Ishihara colour test40 (>3 errors)
Whisper-test41  
(>4 errors at one ear)

Capacity problems 
with the skin

Skin Signalling question skin (yes)
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table 1 continued
Occupational health 
requirement

health concept 
or involved 
organ system

instrument (limit)

cardiovascular requirements
Risk factors for 
cardiovascular diseases

Cardiovascular 
diseases42

Body mass index (>25.0)
Waist circumference (male 
>1.02m; female >0.88m)
Systolic blood pressure 
(≥140 mmHg)
Diastolic blood pressure 
(≥90 mmHg)
Smoking (yes)
Diabetes mellitus (yes)

additional aspects relevant for job functioning
Chronic diseases Chronic diseases Metabolic diseases (yes) 

Mental disorders (yes)
Chronic disorder of the 
musculoskeletal system (yes)
Cardiovascular diseases (yes)
Genitourinary diseases (yes)
Digestive diseases (yes)
Respiratory diseases (yes)
Tumours, malignant 
or benign (yes)
Skin diseases (yes)

Work ability Work ability 
compared to 
lifetime best

Self-reported work ability43 (<6)  
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table 2 Health concept or involved organ system, followed by the intervention initiated by the 
occupational physician if insufficiencies in health concepts are found
health concept or 
involved organ system

intervention initiated by the occupational phy-
sician (Op) after finding abnormalities

Sleepiness Score 10 till 15: situational causes are discussed by 
the OP. Scores >15 the OP considers specialist in-
tervention and plans follow-up appointment.

Work-related fatigue Score 4 or 5 or red scores situational causes are dis-
cussed. At a score >5 the cause of tiredness is discussed 
and specialist interventions are considered, check Neth-
erlands Society of Occupational Medicine (NVAB) 
guideline and a follow-up appointment is made.

Depression  OP considers intervention, OP follows Central Ac-
compagnement Organization (CBO) guideline, 
and is planning follow-up appointment.

Post-traumatic stress 
disorder (PTSD)

Scores between 20 till 25 were a reason for making a note of 
exposition and considering the use of a coach or counselling, 
and making within 4 weeks follow-up appointment. Score >25 
counselling, a check for co morbidity of depression is performed 
and at severe PTSD therapy (EMDR or Imaginary Exposure) 
is advised by the OP, a follow-up appointment is made.  

Anxiety OP considers intervention, OP follows NVAB and CBO 
guideline, and is planning follow-up appointment.

Fire-fighting simu-
lation (test I) & 
Fire-fighting stair-
climb (test II)

If test I or test II was insufficient: OP discusses the causes, 
gives a job-specific physical training advice, and a retest and 
new appointment are planned after three months. Eventually 
extra physical training and job performance are discussed.

Airways/lungs Possible causes are discussed by the OP; in addition the 
OP considers reporting occupational exposure at the 
Netherlands Center for Occupational Diseases (NCvB). 
Follow-up appointment is planned after 6 months.

Vision and co-
lour vision

Refer to optician. Within four weeks follow-up appointment.

Hearing OP provides the person a test per computer or audiogram 
(audiology centre). It could be a reason for involving occu-
pational medicine experts for taking a speech-in-noise-test 
also. Within four weeks a follow-up appointment is planned.  
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table 2 continued
health concept or 
involved organ system

intervention initiated by the occupational phy-
sician (Op) after finding abnormalities

Skin Possible causes are discussed by the OP. A special-
ist intervention and reporting occupational expo-
sure at the NCvB is considered. Advice for clothes/
aid is given. A follow-up appointment is planned.

Cardiovascu-
lar risk factors 

At presence of one or more of the next three risk factors, the 
OP tests cholesterol values, makes a cardiovascular risk pro-
file and plan a follow-up appointment after four weeks: 
1) waist circumference
2) BMI
3) Systolic blood pressure
If one or more of the three risk factors described above 
is present or a diastolic blood pressure of ≥ 95 mmHg 
or diabetic mellitus is present the OP gives: diet ad-
vice, training/moving advice and waist advise and a 
follow-up appointment is planned at 6 months.  

If waist circumference is too high and BMI > 30 is mea-
sured, the OP gives a job performance advice. Lifestyle ad-
vice concerning smoking was recorded in the guideline.

Chronic diseases The OP discusses the influence on work functioning 
and decides on specialist help. Besides a follow-
up appointment after 6 months is made.
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