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The main objective of this thesis was to study job-specific workers’ health 
surveillance (WHS) in the context of a high-demand job. In this chapter, the main 
research findings of this thesis are described by research question, in addition the 
methodological considerations are discussed. In the end, the recommendations 
for the fire-fighting sector and occupational health care practice are given, as well 
as the recommendations for future research. 

main findings
1) is job-specific Whs in high-demand jobs practiced and effective?
From Chapter 2, it can be concluded from the systematic literature review that 
job-specific WHS activities in high-demand jobs are practiced worldwide. Job-
specific WHS activities were described most often in the high-demand jobs of the 
military and fire-fighting personnel, while fewer studies were found for the jobs 
of ambulance and police personnel. The existence of job-specific WHS activities 
was described in 24 studies and focused on psychological, physical, sense-related, 
environmental exposure and cardiovascular health requirements. Seven studies 
reported job-specific interventions, including trauma resilience training, healthy 
lifestyle promotion, physical readiness training, respiratory muscle training, 
endurance and resistance training, physical exercise program and comparing two 
vaccines. Of those interventions, six out of seven were effective on at least some 
of the outcome measures related to work functioning. 

2)  What are the clinimetric properties of two new job-specific physical tests for 
fire fighters? 

The fire-fighting simulation test was reliable (intraclass correlation coefficient of 
0.79) with acceptable agreement (standard error of measurement of 40 s) after 
three weeks and the construct validity was moderate (correlation coefficient 
varied between -0.33 and -0.47; p<0.05). The reliability of the fire-fighting stair-
climb test was high at both test-retest moments (intraclass correlation coefficients 
of 0.82 and 0.91) and with acceptable agreement (standard error of measurements 
of 5.4 s and 3.8 s). The construct validity was low (correlation coefficients varied 
between -0.2 and -0.3; p>0.05); however good content validity was found (78% 
of the fire fighters). Because of the lack of a gold standard to assess the construct 
validity, it is concluded that both tests can be used as part of WHS of Dutch fire 
fighters.
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3)  Which adverse health effects are found in (subgroups of) working dutch fire 
fighters using active job-specific Whs?

Chronic diseases were present in about one out of every five fire fighters and 
the prevalence varied by age groups, varying from 18% in younger age group to 
41% in oldest age group; the most prevalent chronic diseases were skin disorders 
(10%). The median self-reported work ability of the fire fighters was eight out of 
a maximum of ten and varied between seven and eight across the age groups. No 
significant difference was found in the work ability ratings of the fire fighters with 
and without chronic diseases, independent of age groups. The lack of association 
between the presence of chronic diseases and work ability might be explained by 
the most prevalent type of chronic disease, skin disorder, in this working group 
of fire fighters (Chapter 5). 

The study described in Chapter 6 shows that the presence of cardiovascular 
risk factors (too high body mass index 55%, too high systolic blood pressure 
23% and smoking 22%) and diminished physical requirements (25%) were most 
prevalent. 

With regard to subgroups of fire fighters, no significant high-risk groups 
were found for the psychological requirements. High-risk groups were detected 
in the fire fighters for diminished physical requirements (female), sense-related 
requirements (oldest) and risk factors for cardiovascular diseases (professionals 
and oldest). Female fire fighters were less likely to have cardiovascular risk 
factors and professional fire fighters were less likely to have diminished physical 
requirements. Thus, adverse health effects have been found in fire fighters and 
high-risk subgroups have been determined.

4) is job-specific Whs of fire fighters feasible and acceptable for implementation? 
The relevant stakeholders for implementation of WHS are fire fighters, testing 
teams and fire-fighting experts. Therefore, the feasibility and acceptability were 
studied in these groups. Fire fighters were surveyed after completing WHS; all 
individuals in the three testing teams were interviewed, and experts studied 
the content of the two physical job-specific tests. As described in Chapter 8, for 
feasibility, nearly all of the 275 fire fighters intended to improve their health when 
it would be recommended by the occupational physician. The testing teams found 
the instructions to be clear, and they were mostly positive about the organisation 
of WHS. With regard to acceptability the fire fighters rated WHS eight out of a 
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maximum of ten points. For the content of the physical tests, the experts reached a 
consensus about the optimal job-specific content of the future functional physical 
tests. The conclusion from these results is that WHS implementation in a slightly 
changed form in the Dutch fire-fighting sector is feasible and acceptable.  

After answering these sub questions with results from the different studies, the 
main research question of whether job-specific WHS for high-demand jobs is 
useful in practice can be answered with a straightforward “yes”. However, some of 
the findings might need further exploration.  

As a result of this thesis, it was decided to implement job-specific WHS for Dutch 
fire fighters beginning in January 2011. However, with the implementation, 
WHS is now labelled as a mandatory medical examination for fire fighters and 
is established in official regulations. The participation and advice given by the 
occupational physician in this thesis were voluntary, but in the future, results of 
the WHS after interventions might eventually change someone’s future as fire 
fighter. However, this WHS will better reflect work compared with the medical 
examinations as they were performed up to January 2011.

The WHS aimed to be as job-specific as possible, in line with the guidelines of 
the Netherlands society of occupational medicine.1 For the physical tests, job-
specificity was even more stringently applied. The job-specific physical tests were 
a simulation of a physical task in the job. One might argue that psychological 
requirements could have been tested in line with the job-specific task simulation 
as well. At the start of the project, a meeting was organised with (technical fire) 
instructors to determine whether the psychological requirements could be 
tested with a task simulation as well (not published). However, the fire-fighting 
experts were of the opinion that the mental strain of an incident was impossible 
to simulate. Moreover, the instructors were of the opinion that fire fighters 
normally should supply arguments as to why a decision was made in a specific 
situation, and which could not be simulated in a strict scenario with fixed correct 
or incorrect answers. Therefore, the psychological measures in this WHS were 
not tested as a task simulation but instead questionnaires were used for adverse 
signals of psychological health that we know could endanger good and safe work 
functioning when taking into account the specific job demands.   
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Job-specific WHS of fire fighters, as described in this thesis, was developed 
to screen fire fighters for adverse health effects or health effects that influence 
job functioning, to be able to prevent adverse health effects and loss of work 
functioning. The prevention of health complaints is not always possible, we may 
know the determinants, but influencing them might be difficult or sometimes 
even impossible.2 That is the case for fire fighters: fire-fighting is characterised 
by exposures and hazards that are not preventable with state-of-the-art 
measures.3 These exposures result in the higher risk of fire fighters reporting 
some occupational complaints compared to the general working population. 
For example, fire fighters are at a higher risk for musculoskeletal injuries, post-
traumatic stress, hearing loss and cardiovascular risk factors.4-7 In addition, fire 
fighters perform a job in which colleagues and the public are dependent on their 
performance. For both of these reasons, early detection of complaints is of special 
importance in this occupation. The purpose of early detection in the general 
population is to either stop or delay adverse disease development, resulting in 
the improvement of health, or offer treatment options at an earlier stage than is 
usual.2 These purposes concern fire fighters as well; however with the job-specific 
WHS the aspects of early detection are concerned mainly with the job-related 
aspects. 

Where in the process of prevention can the WHS and its interventions be 
positioned? WHS as strategy is difficult to situate univocally in the original 
classification of primary, secondary and tertiary prevention, which can be seen 
in the description of WHS in two key-publications: the International Labour 
Organization, which described the principle behind the WHS, which should be 
used combined with working environment surveillance, as being the ‘primary 
prevention of occupational and work-related diseases and injuries’,8 and Kow 
and Aw, who described the WHS as secondary prevention trying to signal health 
effects at an early stage.9 However, due to a new categorisation of preventive 
activities,10 WHS and its interventions can be classified in another way. In the new 
classification, prevention is divided into collective and individual prevention. 

For collective prevention, two types of prevention are proposed; universal 
prevention which focuses on the entire population, and selective prevention, 
which focuses on the identification of high-risk groups to execute selected 
prevention programmes to promote health. Selective prevention is applied at two 
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different levels in this thesis. Applying WHS to fire fighters can be seen as selective 
prevention because fire fighters are at higher risk for some occupational complaints 
compared to the general working population. For the second level of selective 
prevention, high-risk groups were searched11 within the fire fighter population, 
as described in Chapter 7. These high-risk groups within fire fighters should have 
the opportunity to perform specific parts of WHS more frequently for the health 
aspects for which they are at a high-risk. It can also be seen as selective prevention, 
although it is somewhat more specific than the former of selective prevention. The 
universal level of prevention is beyond the goal of job-specific WHS. 

For individual prevention, in the new classification two other types of 
prevention were proposed.  Indicated prevention focuses on the individual with 
health complaints but for whom the diagnosis was not yet made and the goal 
is to prevent health damage by intervention. Finally, care-related prevention is 
proposed for individual prevention as well, which aims to avoid, decrease, slow 
down or push back complications of disorders present and to support self-
reliance. For prevention on the individual level, the performance of WHS in the 
fire fighters resulted in an intervention provided by the occupational physician 
if diminished health requirements are found and can be seen as an example of 
indicated prevention. Those fire fighters have health complaints, but a clinical 
diagnosis may not yet have been made. With the interventions, the occupational 
physician tries to prevent further health damage and to increase the healthy and 
safe job performance of the fire fighters. In Chapter 5, fire fighters with chronic 
diseases were studied and for those fire fighters, only when complications are 
present, care-related prevention might be included as well. To keep fire fighters 
with chronic diseases during their career on the job, care-related prevention may 
result in WHS to slow down a possible decrease in work ability. 

Recent developments in the working population underline the need for 
prevention at several levels, e.g., employees need to work longer and therefore, 
the chances of developing complaints or having to work with a chronic disease 
increase.12,13 The description above shows that a job-specific WHS affects all but 
one categories of prevention; it can therefore be seen as a complete offer of job-
specific prevention for employees in high-demand jobs.  
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methodological considerations
In this section some methodological issues of this thesis are addressed. The study 
design, study population, pooling of data and validity are discussed. 

After the development of this job-specific WHS initiated by researchers, 
employers and employees in 2006,14 it was necessary that the fire-fighting sector 
implemented the WHS. Therefore, the conditions for implementation needed to 
be studied. The strength of the first implementation study as described in Chapter 
8 was the practical setting in which all real-life difficulties that will appear during 
the definitive implementation of WHS in the future could be studied.15 Due to the 
need to decide upon changing the policy for the occupational health care in the 
fire-fighting sector, the time frame for that study was limited. Consequently, the 
most optimal study designs were the cross-sectional design, applying test-retest 
methods, taking interviews retrospectively, organising a meeting of experts and 
perform a systematic review. Those steps were necessary to study the worldwide 
use and effectiveness of job-specific WHS, test the clinimetric quality of new 
tests,16,17 determine of whether health effects could be detected in fire fighters 
and explore which fire fighters were prone to certain health effects. In addition, 
the feasibility and acceptability18,19 of the WHS were studied. Due to the cross-
sectional design in Chapters 5, 6, and 7, it was not yet possible to study thoroughly 
whether interventions by the occupational physician were initiated, whether fire 
fighters performed the addressed interventions and whether interventions showed 
effectiveness. Initially, the choice of including evidence-based interventions which 
have shown to be effective in other settings might be seen as proxies of change 
in health status in fire fighters. However, it might be interesting in the future to 
study adherence of the occupational physician and compliance of the employees 
to better estimate the effectiveness of the interventions. In summary, to answer 
the research question of this thesis, the most optimal design was used. 

Three fire departments were chosen by a national steering group from the 
fire-fighting sector to participate in the project. A stratified sample, taking into 
account sex, age and professionalism was then made for every department and 
fire fighters were invited to complete WHS after receiving information about the 
study. Parts of the data from this sample were used in Chapters 5, 6 and 7. A total of 
278 fire fighters participated in WHS. Oversampling of women and professionals 
was used to be able to compare subgroups in the analyses. The study population 
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comprised 16% women and 84% men; and 51% professionals and 49% volunteers. 
Compared to the three fire departments, which comprised of 4% women and 96% 
men; and 40% professionals and 60% volunteers, oversampling succeeded. Those 
who were invited and agreed to participate returned their informed consent form 
or agreed by email or phone. This approach may have attracted the most ideal 
workers, although it may also have attracted the least healthy fire fighters. The 
answer to this question is unknown; however, in the Netherlands, WHS in this 
sector was performed on a voluntary basis as long as it is not mentioned in a 
law or the collective labour agreement. Therefore, the study population reported 
herein is a reflection of the future participants in WHS. 

In the systematic review (Chapter 2), the data collected for the effectiveness part 
of the study were not pooled. A prerequisite for pooling data is the homogeneity of 
participants, interventions and outcomes.20 The prerequisite of the homogeneity 
of the employees was fulfilled, but a large heterogeneity of interventions and 
outcomes occurred in the studies that were found. The interventions varied 
between trauma resilience training and comparing vaccines. The interventions 
aimed at improving work functioning or related outcomes, outcome variables 
ranged from cortisol measurements in the blood to beliefs about lifestyle and 
from physical performance measured in a task simulation to the incidence rate of 
disease. Therefore, the data were thought to be too diverse to be pooled.

As part of the construct validity, the convergent validity of the two physical 
tests was examined in Chapters 3 and 4.17 The scientific challenge was that a gold 
standard was not available. Therefore, the tests were compared with the best 
available composite reference standard.21 However, the problem in testing without 
a gold standard is the unknown validity of the composite reference standard. In 
my opinion, we thought of the best available composite scale; nevertheless, the 
results in Chapters 3 and 4 show moderate to low correlations. However, for the 
stair-climb test, the content validity was good in 78% of the fire fighters (Chapter 
4). Besides, the meeting of experts in which the content of the fire-fighting 
simulation test was verified (Chapter 8), can be seen as well as determining 
content validity, and showed to be good as well. Therefore, due to the absence of 
a gold standard for testing construct validity and finding good content validity in 
both tests, the use of both job-specific physical tests is recommended. 
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recommendations for practice and research
implications and recommendations for the occupational physician 
•	 As WHS activities for emergency services personnel and military personnel 

focus most frequently on the physical aspects of the job, I recommend that all 
other job-specific aspects such as psychological aspects, sense-related aspects 
and cardiovascular risk factors should be taken into account in future WHS 
activities.

•	 Applying specific parts of the WHS more frequently to high-risk groups of 
fire fighters is recommended. The frequency of application may depend on the 
health requirement and the effectiveness of the intervention. 

•	 In the implementation study, it became clear that the choice of a few of the 
tests were unclear for occupational physicians. After some minor changes, the 
Netherlands Society of Occupational Medicine approved the new proposed 
WHS in the form that will be implemented. The choice of the tests need to be 
explained to the occupational physician to enhance successful implementation.   

•	 For the monitoring of the employee over time it is an advantage if the own 
occupational physician of the fire department is involved in WHS and gives 
feedback on the results of WHS. This action provides continuity in occupational 
health care.

•	 As the job-specific WHS depends on the content of the job, the content of 
the WHS need to be evaluated periodically, at least when the tasks in the 
job change or when new procedures or material is thought to have changed 
occupational health requirements.  

implications and recommendations for the fire-fighting sector
•	 Clear instructions to the test teams were appreciated. Therefore, it is of 

importance for successful implementation that the test teams receive good 
instructions to accompany the process and to administer parts of WHS. 

•	 If the fire fighter self-estimates a decreased work ability between WHS testing 
moments, he/she should be able to see the occupational physician. Due to the 
high-demand characteristics of the job, it is important for the fire fighters to 
have the ability to see on voluntary base their occupational physician. Thus, 
unless the freely accessible consulting hour on work and health for employees 
may be abolished, this service is recommended for employees. 

•	 Due to the mandatory nature of the instrument after the definitive 
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implementation starting January 2011, it is important to guide/assist each 
fire fighter to the required level for good and safe job performance when 
diminished health requirements are found. Fire fighters should get the chance 
to apply the interventions advised by the occupational physician so they can 
reach the required level of safe and healthy job performance.  

•	 Together with the implementation of the WHS, the fire-fighting sector is 
advised to develop a national monitoring system for the outcomes of the 
WHS to be used by all occupational health services that work for fire-fighting 
departments. Combining this monitoring system with a computerised 
decision support system for the occupational physicians and test teams is 
recommended. This computerised decision support system is a digital version 
of the guideline with interventions for the occupational physician as was used 
in the studies in this thesis. In the digital version, all criteria are automatically 
applied, and interventions will be shown for the adverse health effects. The 
occupational physician can report whether interventions have been initiated 
and can follow fire fighters over time. With a computerised decision support 
system, guideline adherence of the occupational physician can be increased.   

recommendations for future research
•	 Studying whether occupational physicians initiate interventions if adverse 

health effects or decreased work functioning is found, is recommended. In this 
thesis, 94% of the fire fighters reported the intention to improve their health 
when advised by the occupational physician. Therefore, it would be interesting 
to study the actual compliance of employees when the occupational physician 
initiates an intervention. 

•	 Because WHS will be implemented on a national level, the effectiveness of 
WHS with its interventions should be determined during that national 
implementation in the fire-fighting setting on individual and group level. The 
evidence-based interventions that have been prescribed for the occupational 
physician show effective results in other settings; however, they were not 
studied in fire fighters. Therefore, I recommend to study the effectiveness of 
the interventions in the fire-fighting population on work-related health and 
functioning. 
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