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During the career of the employee workers’ health surveillance (WHS) can be 
used to monitor the health of the employee over time. The goal of WHS is to 
monitor employees periodically to detect adverse health effects or health aspects 
that influence job functioning, with the opportunity to initiate appropriate 
preventive interventions. Specific subgroups of employees who are more prone to 
adverse health effects due to specific susceptibilities may be present.

Job-specific WHS testing, in which specific work-related health aspects are 
assessed, has been proposed. The advantages of the use of job-specific WHS is 
the specificity for the job, preventing unnecessary screening activities. It should 
lead to more valid and, as a consequence, more relevant results for monitoring 
of the work-related health and work ability of the employee. A WHS might 
have more influence when applied in high-demand jobs because of the extra 
health requirements in those jobs. A job-specific WHS for Dutch fire fighters 
was developed in 2005-2006 in line with these ideas. This thesis examines the 
usefulness of this job-specific WHS for fire fighters.

The clinimetric characteristics are important in determining the usefulness of 
new instruments. Therefore, reproducibility and validity of new physical tests are 
investigated. The practical value of WHS is studied by determining it’s feasibility 
and acceptability. Other aspects of WHS usefulness are studied as well, including 
whether it finds adverse health effects and whether subgroups are prone to these 
health effects.  

The main objective of this thesis is to study job-specific WHS in the context 
of a high-demand job. The main research question addressed in this thesis is: “Is 
job-specific WHS for high-demand jobs useful in practice? ” The sub-questions 
answered in this thesis 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 fire 

fighters using active job-specific WHS?
4) Is job-specific WHS of fire fighters feasible and acceptable for implementation? 

chapter 2 examines the first sub-question of this thesis.  A systematic review 
of the global use of job-specific WHS testing in high-demand jobs is presented. 
The objectives of this review were to determine 1) the existing job-specific WHS 
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activities and 2) the effectiveness of job-specific WHS interventions with respect 
to work functioning, for selected jobs involving emergency services and military 
personnel. The search strategy consisted of systematic searches of PubMed, 
PsycINFO and OSH-update databases for articles published between 1993 and 
2010. The search strategy consisted of several synonyms for the job titles of fire-
fighting, ambulance, police and military personnel, combined with synonyms for 
workers’ health surveillance. The methodological quality was assessed. For the 
first objective, 24 studies described several job-specific WHS activities aimed at 
aspects of psychological, ‘physical’ (energetic, biomechanical and balance), sense-
related, environmental exposure or cardiovascular requirements. The seven 
studies found for the second objective measured different outcomes more or less 
related to work functioning. For the methodological quality of the intervention 
studies, all but one scored over 55% of the maximum score. The studies described 
several job-specific interventions: trauma resilience training, healthy lifestyle 
promotion, physical readiness training, respiratory muscle training, endurance 
and resistance training, a physical exercise programme and vaccine comparison. 
Six studies showed effectiveness of job-specific WHS on at least certain defined 
outcomes. From this review, I concluded that several examples of job-specific 
WHS activities were found in four high-demand jobs. Compared to studies 
focusing on physical health requirements, few studies were found that focused 
on psychological health requirements. Effectiveness studies for job-specific WHS 
interventions were scarce, although their results are promising. 

In chapters 3 and 4 sub-question 2 is answered. In chapter 3, the results of the 
evaluation of the reproducibility and validity of the fire-fighting simulation test 
are given; chapter 4 contains the same information for the fire-fighting stair-
climb test. Both tests are new and are proposed to be included in the job-specific 
WHS of fire fighters. The fire-fighting simulation test is a simulation of daily 
consecutive fire-fighting activities. This test involves the execution of 12 parts, 
including dragging a hose filled with water, rescuing a person and a simulation of 
a demolition of a ceiling. The whole test takes approximately 15-20 minutes. The 
fire-fighting stair-climb test is a shorter test and takes approximately 1-2 minutes. 
In the test the fire fighter climbs a stair, up to 20 meters in height (which is about 
110 steps) with their own turn-out gear and with the self-contained breathing 
apparatus connected (together 21 kg). Furthermore, fire fighters carry fire-
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fighting-related materials (20 kg) such as two rolled hoses, on their way up.  
Fire fighters from three fire departments took the fire-fighting simulation test 

(n=21) and the fire-fighting stair-climb test (n=20) three times, with one and 
three weeks between tests. For both tests, the clinimetric quality was determined 
by means of reliability, agreement and validity. 

For reliability and agreement, the intraclass correlation coefficient (ICC) and 
the standard error of measurement (SEM) were analysed. For the fire-fighting 
simulation test, the ICCs were 0.56 and 0.79 at the one-week and three-week test-
retest periods, respectively. The SEMs were 70 s at the one-week and 40 s at the 
three-week test-retest periods, with average testing times of well over 15 minutes. 
For the fire-fighting stair-climb test, the reliability was high for the one-week and 
the three-week test-retest periods, with ICCs of 0.82 and 0.91, respectively. The 
mean testing time for the stair-climb test was 65 s; the agreement showed SEMs 
of 5.4 s at the one week test-retest period and 3.8 s at the three week test-retest 
period.

To ascertain the construct validity of the fire-fighting simulation test, the test 
results from 45 professional fire fighters from one fire department were correlated 
with their own and their supervisors’ rated work ability. The construct validity 
was found to be moderate (r varying between -0.33 and -0.47; p<0.05). For the 
fire-fighting stair-climb test, the content and construct validity were determined. 
The fire fighters performed the test once while heart rate and testing time 
were monitored to study the content validity. Construct validity was tested by 
correlating both self-rated and supervisor-rated work ability scores with testing 
time. For the fire-fighting stair-climb test, the content validity was good in 78% 
of the fire fighters, while the construct validity between testing times and work 
ability ratings was low (r varying between -0.2 and -0.3; p>0.05).

The fire-fighting simulation test was reliable with acceptable agreement after 
three weeks and construct validity was moderate. I advise that fire fighters should 
perform the fire-fighting simulation test once as a trial before judging their 
performance in testing time during the second performance. The fire-fighting 
stair-climb test was found to be a reproducible instrument and construct validity 
was low; however, good content validity was found. Due to the lack of a gold 
standard to assess the construct validity, I conclude that both tests can be used as 
part of job-specific WHS for Dutch fire fighters. 

 Plat BW.indd   170 di 28-06-11   di 28 06 2011 12:26



171

Summary

In chapters 5, 6 and 7 sub-question 3 is answered. In chapter 5, the impact of 
chronic diseases on work ability in different age groups of Dutch fire fighters is 
studied. A stratified random sample of 276 fire fighters from three fire departments 
filled out a questionnaire about the presence of nine types of chronic diseases 
– metabolic diseases, mental disorders, chronic disorder of the musculoskeletal 
system, cardiovascular diseases, genitourinary diseases, digestive diseases, 
respiratory diseases, tumours and skin diseases – and rated their current work 
ability (0 unable to work - 10 best ever). The difference in work ability in fire 
fighters in total and in four age groups (≤ 29 years, 30-39 years, 40-49 years and 
≥ 50 years) with and without chronic diseases was calculated with Fisher’s exact 
test. Of 276 fire fighters, 23% reported having a chronic disease; the prevalence of 
disease varied in the age groups from 18% (younger) to 41% (oldest). The most 
prevalent diseases were skin disorders. The median work ability was 8, varying 
between 7 and 8 in the four age groups. No significant difference was found in 
the current work ability level for fire fighters with and without chronic diseases, 
independent of age group. In conclusion, when assessed concurrently in a working 
population, having a chronic disease was not associated with a significantly lower 
self-reported work ability estimate in working fire fighters. The lack of association 
might be explained by the most prevalent type of chronic disease in this working 
group of fire fighters.  

In chapter 6, the prevalence of diminished health requirements was studied. 
Fire-fighting tasks can influence the health of fire fighters. In addition, the 
presence of diminished health requirements can influence the fire fighter’s work 
functioning. For example, the heavy physical tasks involved in fire-fighting might 
cause musculoskeletal problems and the presence of cardiovascular risk factors 
might influence safe work functioning. A total of 278 fire fighters were tested 
during WHS, in which all relevant health concepts and organ systems required 
for job performance were tested. The parameters used to assess psychological 
requirements included sleepiness, work-related fatigue, depression, posttraumatic 
stress and anxiety. The physical requirements assessed included cardio-respiratory 
system, the musculoskeletal system (strength, balance and carrying capacity) and 
airways. For the sense-related requirements, vision, colour vision, hearing and 
skin were tested; cardiovascular risk factors were also investigated. The relative 
frequencies of diminished health requirements were calculated. Insufficiencies 
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were found for all health requirements included. The most prevalent signals were 
cardiovascular risk factors – too high BMI (55%), too high systolic blood pressure 
(23%) and smoking (22%) – and diminished physical requirement in job-specific 
performance test (25%). Other prevalent insufficiencies were anxiety (9%) and 
vision at 0.4 m (12%). Occupational physicians should initiate interventions for 
individual fire fighters to address these diminished health requirements.

In chapter 7 the answer to a specific part of sub-question 3 is provided. The 
objective was to study subgroups in the 278 fire fighters, that are prone to work-
related diminished health requirements. The diminished health requirements 
were the same as those assessed in Chapter 6. The odds-ratio (OR) and 95% 
confidence interval (95% CI) for diminished health requirements were calculated 
for subgroups of gender (female versus male), professionalism (professional 
versus volunteer) and age (<36, 36-45 and >45 years). The prevalences for 
diminished psychological requirements were equal in the subgroups and no 
significant high-risk group was found. The highest odds ratio was found for 
diminished physical requirements for female fire fighters compared to male fire 
fighters (OR: 28.5; 95% CI 12.1-66.9). For cardiovascular risk factors an odds 
ratio of 0.3 (0.1-0.5) was found for females compared to males. When comparing 
professionals to volunteers, the professionals were less likely to have diminished 
physical requirements with an odds ratio of 0.5 (0.3-0.9); professionals had 
higher prevalences of cardiovascular risk factors with an odds ratio of 1.9 (1.1-
3.2). A high odds ratio of 7.2 (3.4-15.2) was found for diminished sense-related 
requirements when comparing the oldest fire fighters to the youngest fire fighters; 
an odds ratio of 5.1 (2.5-10.5) was found for the oldest fire fighters compared to 
middle-aged fire fighters. The oldest fire fighters were also more likely compared to 
the youngest fire fighters to have cardiovascular risk factors, with an odds ratio of 
4.4 (1.7-11.1); the oldest fire fighters were also more likely to have cardiovascular 
risk factors compared to the middle-aged fire fighters, with an odds ratio of 3.1 
(1.2-7.9). Subgroups (gender, professionalism and age) of fire fighters are prone to 
at least one specific diminished work-related health requirement. It is concluded 
that parts of WHS could be applied more frequently to these high-risk groups.

In chapter 8 the feasibility and acceptability of implementing the job-specific 
WHS for Dutch fire fighters were studied. Feasibility was tested in three fire 
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departments with respect to i) workers’ intention to change health and behaviour 
if advised by the occupational physician after performing WHS; ii) the quality 
of instructions for testing teams; iii) the planned procedure in the field; and 
iv) future WHS organisation. Acceptability involved i) satisfaction of the fire 
fighters with WHS and ii) verification of the job-specificity of the content of two 
physical tests of WHS. A total of 275 fire fighters were surveyed immediately after 
completing WHS; three testing teams were interviewed after the testing period 
(16 interviews), and the contents of the two tests were studied afterwards by a 
group of fire-fighting experts (n=15). The results for feasibility were that nearly 
all of the 275 fire fighters intended to improve their health when recommended 
by the occupational physician in their WHS results feedback session. The testing 
teams found the instructions to be clear, and they were mostly positive about 
the organisation of WHS. With regard to acceptability, it was found that the fire 
fighters rated WHS at eight points (out of a maximum of ten which is the most 
positive). With regard to the content of the physical tests, the experts reached a 
consensus about the optimal job-specific content of future functional physical 
tests. Overall, I concluded that implementation of WHS in a slightly changed 
form in the Dutch fire-fighting sector is feasible and acceptable.  

In chapter 9, the main findings, methodological considerations, and 
recommendations for practice and future research are provided. In conclusion, 
the four research sub-questions can be answered as follows:
1) Is job-specific WHS in high-demand jobs practiced and effective? It can be 
concluded that job-specific WHS activities are practiced in high-demand jobs. 
Six out of seven job-specific interventions were effective on at least some of the 
outcomes studied, which were related to aspects of work functioning. 
2) What are the clinimetric properties of two new job-specific physical tests for 
fire fighters? The fire-fighting simulation test is reliable with acceptable agreement 
after three weeks and construct validity is moderate. The fire-fighting stair-climb 
test is also reliable and has acceptable agreement, with lower construct validity 
but good content validity. I concluded that both tests can be used as part of job-
specific WHS for Dutch fire fighters.
3) Which adverse health effects are found in (subgroups of) working Dutch 
fire fighters using active job-specific WHS? The adverse health effects found for 
fire fighters were chronic diseases; cardiovascular risk factors and diminished 
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physical requirements were frequently found as well. High-risk groups for gender, 
professionalism and age were also detected among fire fighters.
4) Is job-specific WHS of fire fighters feasible and acceptable for implementation? 
The results related to the feasibility and acceptability for the implementation were 
promising in the three future involved groups. In conclusion, implementation 
of WHS in a slightly changed form in the Dutch fire-fighting sector is feasible 
and acceptable. As a result of the studies performed for this thesis, the sector 
decided to implement WHS at a national level. Since January 2011, WHS has 
been implemented as a mandatory medical examination for Dutch fire fighters.   

The answer to the main research question “Is job-specific WHS for high-demand 
jobs useful in practice?” is therefore “yes”. The worldwide use and the effectiveness 
of job-specific WHS activities, good clinimetric quality of the two job-specific 
physical tests, signalling adverse health effects and high-risk groups among fire 
fighters and positive results for feasibility and acceptability of WHS highlight 
the usefulness and the importance of the use of the job-specific WHS among 
Dutch fire fighters. Based on these results, I recommend to use the job-specific 
WHS in Dutch fire fighters. The occupational physician is advised to utilize 
certain parts of WHS more frequently among high-risk groups, as described in 
this thesis. Together with the implementation of WHS, the fire-fighting sector is 
advised to develop a national monitoring system for WHS outcomes to be used 
by all occupational health services that work for fire-fighting departments. With 
the monitoring system employees can be monitored over time. Future research 
should study whether occupational physicians initiate interventions after WHS 
if diminished health requirements are found and whether fire fighters execute 
the advised interventions. Finally, I recommend that researchers study the longer 
term effectiveness of the interventions of WHS on work-related health and 
functioning among fire fighters.
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