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Abstract

Background: Public authorities in European countries are paying increasing attention to the promotion of work
ability throughout working life and the best method to monitor work ability in populations of workers is becoming
a significant question. The present study aims to compare the assessment of work ability based on the use of the
Work Ability Index (WAI), a 7-item questionnaire, with another one based on the use of WAI’s first item, which
consists in the worker’s self-assessment of his/her current work ability level as opposed to his/her lifetime best, this
single question being termed “Work Ability score” (WAS).

Methods: Using a database created by an occupational health service, the study intends to answer the following
questions: could the assessment of work ability be based on a single-item measure and which are the variables
significantly associated with self-reported work ability among those systematically recorded by the occupational
physician during health examinations? A logistic regression model was used in order to estimate the probability of
observing “poor” or “moderate” WAI levels depending on age, gender, body mass index, smoking status, position
held, firm size and diseases reported by the worker in a population of workers aged 40 to 65 and examined
between January 2006 and June 2010 (n=12389).

Results: The convergent validity between WAS and WAI was statistically significant (rs=0.63). In the multivariable
model, age (p<0.001), reported diseases (OR=1.13, 95%CI [1.11-1.15]) and holding a position mostly characterized by
physical activity (OR=1.67, 95%CI [1.49-1.87]) increased the probability of reporting moderate or poor work ability. A
work position characterized by the predominance of mental activity (OR=0.71, 95%CI [0.61-0.84]) had a favourable
impact on work ability. These relations were observed regardless of the work ability measurement tool used.

Conclusion: The convergent validity and the similarity in results between WAI and WAS observed in a large
population of employed workers should thus foster the use of WAS for systematic screening of work ability. Ageing,
overweight, decline in health status, holding a mostly physical job and working in a large-sized firm increase the
risk of presenting moderate or poor work ability.
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Background
Industrialised countries are experiencing significant demo-
graphic changes as people live longer and have healthier
life and this is particularly true in Europe. Demographic
projections by Eurostat (2011) indicate that the old-age
dependency ratio - the ratio of those outside the labour
force to those of working age (15–64 yr)- will double from
25.9% on average (in the 27 European countries) in 2010
to 50.2% by 2050.By then, two people of working age will
be needed to support one pensioner. This rapidly ageing
population is thus presenting challenges to the age struc-
ture of the workforce and to the sustainability of social
protection schemes. As a result, national authorities in
most European countries are trying to promote work abil-
ity throughout the working life, considering changes in
the legal age for retirement, and preparing their citizens to
a world in which everybody will stay longer on the labour
market.
In this context, it is of utmost importance to identify

simple ways to monitor work ability in the working
population on a regular basis. The Finnish Institute of
Occupational Health (FIOH) played a pioneering role
during the 1980’s when it developed a generic tool to as-
sess work ability, the so-called “Work Ability Index”
(WAI); it considers the workers’ self-assessed work abil-
ity in relation to work requirements, health status and
the worker resources [1]. WAI has since then been
widely disseminated and is nowadays the most com-
monly used tool for measuring work ability [2].
It has been shown in several studies performed in vari-

ous professional groups that age, obesity, lack of physical
activity during spare time, low musculoskeletal ability,
high mental requirements, lack of autonomy and heavy
physical workload, all have a negative impact on the
WAI level [2]. Other studies have demonstrated that
WAI also has a predictive value, a low WAI level (or a
level declining over time) increasing the probability of
sick leaves [3-5], of early retirement [6-8] and even of
worker decease [6].
Taking into consideration the WAI predictive validity

and striving to improve the employment rate among
workers aged over 55, the largest occupational health
service in Luxembourg - called “Service de Santé au
Travail Multisectoriel” (STM) - decided as from 2005 to
use WAI within the framework of regular monitoring of
workers’ health; this enabled the creation of a substantial
database of WAI levels concerning its affiliated workers.
Based on the analysis of this database, the present

study aims to answer the following questions:

1) Could the assessment of work ability be based on
the use of a single item of WAI, the first one, which
consists in self-assessment by workers of their
current work ability level by comparison with the
highest work ability experienced during their career,
this question being termed “Work Ability score”
(WAS) by the designers of the method [9]?
Assessing work ability from this single question
appears seducing on the grounds that the assessor
has not to check the categorisation of the job
function reported by the worker and it is also more
understandable by the persons surveyed; some other
WAI items, the 3rd one - asking for the number of
diagnosed diseases or the 7th one – assessing
psychological resources – are for instance often not
well understood and may be left unanswered
[10-15]. In addition, the 1st item of WAI has high
discriminating power (the highest) over the entire
index [16]. This measure would in theory be easier
both to implement and interpret in population
surveys and could be carried out at a lower cost
[13,17]. However, before possibly adopting this
simplified procedure, one needs to assess its validity
when compared to the full WAI. To date, such an
analysis has only been performed in a relatively
limited population of long-term disabled workers
[13], in a sample of the general population in
Finland [9] and in a group of Dutch construction
workers [18].

2) Are age, body mass index, daily smoking, health
status, firm size and type of work function
determinants of the WAI level?

The answers to these two research questions would
provide useful information when drawing guidelines for
the national policy of promotion of active ageing which
the Luxembourg government wishes to put in place.

Methods
Study design and setting
In the Grand-Duchy of Luxembourg, all firms must be
affiliated with an occupational health service. The fre-
quency of medical examinations is a function of the
occupational hazards identified for each work position.
STM performs yearly a medical follow-up of over 60,000
workers, which amounts to a third of the workers affili-
ated with the organization. Since 1997, STM has been
using a system of computerized medical records (CMR)
which allows structuring the collection of medical data
and facilitates their archiving. In 2005, benefitting from
the financial support of the European Social Fund, STM
started using WAI during medical examinations. The
medical assistant handed the workers an explanation
letter and a WAI questionnaire and requested them to
complete it in an unsupervised manner and then to
hand it back to the occupational physician. These ques-
tionnaires were subsequently entered in the CMR by a
specifically-trained nursing team.
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The present study, of retrospective and multicentric
character, concerns all workers employed by firms affili-
ated with STM, aged 40 to 65 (inclusive), who were
examined by an occupational physician between January
1 2006 and June 30 2010 in the medical centres of Esch
and Luxembourg and who agreed to fill in the question-
naire. For each worker, the WAI data collected were
linked to other health data available in the CMR.
STM obtained approval of the National Commission

for data protection (CNPD) for the creation of the med-
ical database which included WAI data. The data
extracted from this database for the purpose of this
study were previously anonymized with an identification
number which was different from the worker’s national
social security number.

Participants
Throughout the 54-month period of data-gathering,
31,959 workers aged 40 to 65 were examined in the 2
centres taking part in the study. From these, 17,900
(56.0%) handed a WAI questionnaire to the occupational
physician. Afterwards, two choices were possible: use
multiple imputations on the missing data or select only
the fully-filled questionnaires. As multiple imputations
also lead to measurement errors, the second option was
selected. After the cleaning of the database, 12,839
full questionnaires were selected as the study sample
database.
In order to detect a possible selection bias in the sample,

a comparison between respondents and non-respondents
was performed using the age, gender and BMI variables.
The phi statistic which takes the “large sample size” effect
into consideration was used [19] and the threshold of 0.50
was selected as recommended by the author for large
samples.

Variables
The study took into consideration WAI and WAS as
dependent variables on the one hand, and as explanatory
variables on the other hand a set of variables selected on
the basis of literature review, their availability in the
CMR and their estimated reliability during their collec-
tion by the physicians.

a. Assessment of work ability:

Work ability was measured by means of the Work
Ability Index (WAI) which consists in a 7-part self-
assessment: current ability, work ability in relation
to physical and mental demands of the job, reported
diagnosed diseases, estimated impairment due to
health status, sick leave over the last 12 months,
self-prognosis of work ability in the 2 years to come
and mental resources of the individual. The WAI
measured in this way ranges from 7 to 49 points and
4 categories have been suggested to describe WAI
levels: poor [7-27], moderate [28-36], good (37-43)
and excellent (44-49) [1].
The Work Ability score (WAS) consists in the
worker’s self-assessment of his/her current ability
compared to the lifetime best. It ranges from 0 to
10. The designers of the method [9] suggested the
same type of categorization as for WAI, namely:
poor (0–5 points), moderate [6,7], good [8,9],
excellent [9].
b. Explanatory variables:

The selected explanatory variables were age, gender,
weight and height as measured during the medical
examination, tobacco consumption, diseases as
recorded by the occupational physician in the
worker’s medical file, workplace occupied (selected
in a drop-down menu among 200 different choices),
and the number of workers employed by the firm,
the latter variable being subdivided into 4 classes
corresponding to those used in the national labour
legislation.
Regarding diseases, the CMR structure allows a dis-
tinction between minor diseases and those considered as
major; only the latter have been taken into account in
the analysis. Diseases were classified as major by a group
of experts in occupational medicine and ergonomics,
due to their potential impact on the current or future
health of the worker and because they require systematic
follow-up. The health status of each worker was esti-
mated on the basis of the total number of recorded
major diseases.

Data-processing
The variables raw values were categorized into 2 or more
classes for statistical purposes. Body mass index (BMI)
was categorised in accordance with the recommendations
of the World Health Organization (WHO) [20] (under-
weight <18.50, normal [18.50-24.99], overweight > 25.00,
obesity > 30.00). Classification of smoking habits was
based on Fagerström’s approach [21] (non-smoker, former
smoker, 1 to 10 cigarettes, 11 to 20 cigarettes, 21 to 30 cig-
arettes, > 30 cigarettes). The major diseases were grouped
according to system and the analysis was performed on
the three disease categories which in practice raise the
most difficulties in terms of job reintegration: functional
and ischemic cardiac diseases, musculoskeletal disorders
and mental diseases [9].
The 200 professional activities listed in the database

were classified by 3 experts (2 occupational physicians
and 1 ergonomist who had perfect knowledge of the
Luxembourg typology in the area of naming work
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positions) into one of the 3 categories defined by the
WAI mode of computation: predominantly physical
functions, predominantly mental functions or mixed
functions [22].
Quality control of the capture of WAI forms was

performed: 500 worker forms were selected at random
and re-entered in a secondary database. The concordance
between the two capture stages (i.e. between the base
analysed in the study and the secondary one) of the
answers to each item was verified by means of Kendall’s
tau-b test: depending on the item considered, the con-
cordance ranged from 0.90 to 0.95.

Statistical analysis
Descriptive statistics were applied to all the variables in
the database.

Research question 1 - Comparison of WAI and WAS
The convergent validity of an instrument measures the de-
gree of similarity between the ratings of that instrument
and those of another instrument, supposed comparable
[23]. To estimate the adequacy of substituting WAS to
WAI in the assessment of work ability, the convergent val-
idity between the two instruments was tested by evaluat-
ing the Spearman correlation between WAS and WAI
levels; this analysis was carried out with data grouped into
4 categories (“poor”, “moderate”, “good” and “excellent”).

Research question 2 - Determinants of WAI and WAS
To analyse the determinants of WAI and of WAS, two lo-
gistic regressions were performed. A first regression was
used to assess the probability of observing a WAI level
lower or equal to 36 (“poor” and “moderate” classes), the
reference category being a level above 36 (“excellent” and
“good” classes). The same method was used to assess the
probability of observing a WAS level lower than or equal to
7 (“poor” and “moderate” classes), the reference category
being a level above 7 (“excellent” and “good” classes).
Independent variables were included in the logistic

regression model according to their significance level in
the univariable analysis (p<=0.20) and according to their
lack of collinearity. Then, these variables were tested in
the model using the backward selection method. The
second-order interactions were tested (Wald test) and
taken out of the model if they did not prove significant
(p>0.10).To determine if the continuous variable had to be
dichotomised, its linearity was also checked (Box-Tidwell
Transformation Test). The final results were considered
significant at the 5% significance level (P<0.05).

Results
Comparison respondents/non respondents
When comparing the characteristics of the 12,839
respondents to those of the 14,059 non-respondents, the
two populations appeared different on first analysis: re-
spondents were on average slightly younger, more likely to
present normal weight (34.5% vs. 32.2%) and were more
predominantly men (73.3% vs. 61.9%). Taking into account
the large size of both populations, the analysis yielded phi
values (size effects) inferior to 0.50 for the three variables
studied (phi age = 0.05, phi gender = 0.12 and phi BMI =
0.03), demonstrating the lack of a significant association
between these variables and the fact of being respondent
[19]. This was reassuring as regards the possibility of a
selection bias, although it did not, of course, rule it out.

Descriptive analyses
Respondents’ WAI stood on average at 41.01 (SD = 6.23;
median: 42) and WAS averaged 8.57 (SD = 1.57; median: 9),
meaning in both cases a “good” work ability level
according to the method.
Table 1 describes the distribution of individual and oc-

cupational variables within this population. Respondents
(n=12,839) were predominantly men (73.3%) and were
aged 47 on average (SD = 5.21). Overweight was detected
in 40.6% of the workers and obesity in 24.0% of them.
Nearly a quarter of them were active smokers and 9.9%
smoked more than one pack of cigarettes a day. Musculo-
skeletal disorders were reported by 38.3% of the workers,
mental disease by 10.3% and a cardiac pathology by 3.5%.
The work positions occupied by the workers involved
activities predominantly physical in 32.8% of the cases,
predominantly mental in 21.9%, and what experts call
“mixed” ones in 45.3%.

Research question 1 - Comparison of WAI and WAS
The Spearman correlation between WAS and WAI levels
was statistically significant (rs=0.63; p < 0.001); this level
of correlation indicates more than acceptable convergent
validity between the two instruments [23].

Research question 2 - Determinants of WAI and WAS
Table 2 shows the univariable and multivariable analyses
of the probability of presenting a so-called “moderate” or
“poor” WAI based on the individual and occupational fac-
tors studied. In the univariable analysis, this probability
was lower in male workers (OR=0.88; 95%CI [0.80-0.97])
and higher in former smokers, in smokers of 21–30
cigarettes (OR=1.29; 95%CI [1.09-1.54]) and smokers of
31 cigarettes or more (OR=1.67; 95%CI [1.35-2.08]) com-
pared to non-smokers; it was also higher in overweight
(OR=1.15; 95%CI [1.03-1.27]) and obese (OR=1.39; 95%CI
[1.24-1.56]) workers. After adjustment for the other vari-
ables, ‘gender’ and ‘daily smoking’ were removed from the
model. The table furthermore indicates that the associ-
ation between “moderate” or “poor” WAI and weight
status was no longer significant in multivariable analysis
(p=0.08).



Table 1 Distribution of individual and professional
variables in the sample (n= 12,839) (Figures rounded to
one decimal)

Variable Categories N %

WAI score Excellent 5365 41.8

Good 5027 39.2

Moderate 1897 14.8

Poor 550 4.3

Gender Male 9412 73.3

Age [40–45] 5471 42.6

[45–50] 3856 30.0

[50–55] 2308 18.0

[55–60] 1008 7.9

[60–65] 196 1.5

BMI Underweight (< 18.5) 119 0.9

Normal [18.5-25] 4425 34.5

Overweight [25-30] 5214 40.6

Obesity (≥ 30) 3076 24.0

Missing values 5

Smoking habits Non-smoker 9222 71.8

Former smoker 538 4.2

from 1 to 10 cigarettes 753 5.9

from 11 to 20 cigarettes 1053 8.2

from 21 to 30 cigarettes 836 6.5

Over 30 cigarettes 437 3.4

Type of position Physical 4208 32.8

Mental 2809 21.9

Mixed 5822 45.3

FICD Presence 445 3.5

MSD Presence 4915 38.3

Mental diseases Presence 1317 10.3

Size of firm staff 1-9 1972 17.1

10-49 3871 33.6

50-249 3887 33.7

Over 250 1798 15.6

Missing values 1311

BMI in kg/m2, FICD: Functional and ischemic cardiac diseases, MSD:
Musculoskeletal disorders.
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Several other factors however had a negative influence
on the WAI index both in univariable and multivariable
analyses: age (p<=0.001), presence of major diseases, be
they cardiovascular (OR=1.43; 95%CI [1.11-1.84]), musculo-
skeletal (OR=2.39; 95%CI [2.12-2.70]) or mental (OR=2.54;
95%CI [2.18-2.96]) and holding a predominantly physical
work function (OR=1.67; 95%CI [1.49-1.87]). On the con-
trary, holding a mostly mental function had a favourable im-
pact (OR=0.71; 95%CI [0.61-0.84]) and so did working in a
firm employing fewer than 10 workers (OR=0.76; 95%CI
[0.63-0.91]) or between 10 and 49 workers (OR=0.84; 95%CI
[0.72-0.98]) in comparison to those working in large firms
(>=250 staff).
Table 3 shows univariable and multivariable analyses

of the probability of presenting a so-called “moderate”
or “poor” WAS level based on individual and occupa-
tional factors. The univariable analysis highlighted the
same associations as those observed for the WAI index
with the exception of the association between work abil-
ity and gender which in this case was totally absent.
The negative associations noticed in multivariable

analysis were similar to those described for WAI
concerning age (p<=0.001), number of major diseases
reported (p<=0.001), presence of cardiovascular diseases
(p<=0.003), musculoskeletal disorders (p<=0.001) or
mental diseases (p<=0.001), as well as holding a predom-
inantly physical work function (p<=0.001). There were
however two differences when compared to the associa-
tions described in Table 2: firm size was removed from the
model, and the 21–30 cigarettes’ category had a negative
influence on WAS score (OR=1.47; 95%CI [1.08-2.00]).

Discussion
The present study goal was to compare the assessment
of work ability based on the use of the Work Ability
Index (WAI) to the one based on the use of the first
item of WAI, this single question being termed “Work
Ability score” (WAS), in a population of workers occu-
pying a wide variety of jobs or functions. The non-
participation rate in WAI assessment was relatively high
(44%) among the workers concerned but does not seem
to have induced any recruitment bias insofar as the
demographic characteristics of the respondents overlap
with those of the non-respondents. This high non-
participation rate could most probably be ascribed to
difficulties in administrative management experienced
within the collaborating medical centres.

Research question 1 - Validity of WAS compared to WAI
and usefulness of WAS
The relative merits of using either a single-item measure
or a multiple-item (or scale) measure have been discussed
at great length in the occupational psychology literature
for assessing job satisfaction [24,25]. Although job satis-
faction and work ability are constructs of a different na-
ture, they are both complex constructs with multifaceted
determinants. It is thus tempting to hypothesize, as these
authors did for job satisfaction, that simply combining 7
pre-selected items or dimensions of work ability to obtain
an overall index of work ability may in some cases exclude
other significant aspects of the man–machine interaction
that may be very influential in determining the worker’s
own perception of his/her work ability. One could how-
ever argue that for assessing work ability, taking into



Table 2 Odds ratio (OR) and 95% confidence intervals (CI) for individuals and professional factors associated with
Work Ability Index – WAI (moderate-poor) vs (excellent-good)

Variable N (%) Univariable analysis Multivariable analysis

OR 95% CI P-value OR 95% CI P-value

Gender* 0.01

Female 702 (20.5) 1

Male 1745 (18.5) 0.88 [0.80-0.97]

Age <0.001 <0.001

[40–45] 760 (13.9) 1 1

[45–50] 687 (17.8) 1.34 [1.20-1.50] 1.27 [1.11-1.15]

[50–55] 637 (27.6) 2.36 [2.10-2.66] 2.08 [1.81-2.40]

[55–60] 320 (31.7) 2.88 [2.47-3.36] 2.82 [2.35-3.38]

[60–65] 43 (21.9) 1.74 [1.23-2.46] 2.68 [1.81-3.96]

BMI <0.001 0.08

Normal 752 (17.0) 1 1

Underweight 23 (19.3) 1.17 [0.74-1.86] 1.02 [0.55-1.86]

Overweight 991 (19.0) 1.15 [1.03-1.27] 1.06 [0.94-1.20]

Obesity 681 (22.1) 1.39 [1.24-1.56] 1.20 [1.04-1.38]

Daily smoking habits <0.001

Non-smoker 1670 (18.1) 1

Former smoker 133 (24.7) 1.49 [1.21-1.82]

From 1 to 10 cigarettes 131 (17.4) 0.95 [0.78-1.16]

From 11 to 20 cigarettes 209 (19.8) 1.12 [0.95-1.32]

From 21 to 30 cigarettes 186 (22.2) 1.29 [1.09-1.54]

> 30 cigarettes 118 (27.0) 1.67 [1.34-2.08]

Health status

Number of diseases 1.27 [1.25-1.29] <0.001 1.13 [1.11-1.15] <0.001

FICD / Yes 185 (41.6) 3.19 [2.63-3.87] <0.001 1.43 [1.11-1.84] 0.01

MSD / Yes 1603 (32.6) 4.06 [3.70-4.46] <0.001 2.39 [2.12-2.70] <0.001

Mental diseases / Yes 612 (46.5) 4.58 [4.07-5.16] <0.001 2.54 [2.18-2.96] <0.001

Type of work function <0.001 <0.001

Mixed 1036 (17.8) 1 1

Physical 1121 (26.6) 1.68 [1.52-1.85] 1.67 [1.49-1.87]

Mental 290 (10.3) 0.53 [0.46-0.61] 0.71 [0.61-0.84]

Firm size <0.001 0.03

1-9 290 (14.7) 0.56 [0.47-0.66] 0.76 [0.63-0.91]

10-49 672 (17.4) 0.68 [0.59-0.78] 0.84 [0.72-0.98]

50-249 722 (18.6) 0.74 [0.64-0.84] 0.87 [0.74-1.01]

>=250 426 (23.7) 1 1

* Taken into account in the multivariable analysis but not part of the equation following Wald’s step-by-step descending method (the variable effect is not high
enough to be kept in the model).
To help to read the table, let us comment on one example: in the multivariable analysis, taking the age category [40–45] as a reference, the probability to obtain
a poor to moderate WAI is significantly higher in the other age categories.
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account the number of diseases the worker is currently
encountering (WAI item 3) and the importance of sick
leave in the last 12 months (WAI item 5) should substan-
tially increase the content validity of WAI in comparison
to the WAS single-item measure.
In the present study originating in occupational health
practice, the comparison between WAI and WAS was first
guided by cost-effectiveness considerations. As stated by
Wanous et al. for job satisfaction measures [24], a
single-item measure is shorter in length, requires less



Table 3 Odds ratio (OR) and 95% confidence intervals (CI 95) for individual and professional factors associated with
Work Ability score – WAS (moderate-poor) vs (excellent-good)

Variable N (%) Univariable analysis Multivariable analysis

OR 95% CI P-value OR 95% CI P-value

Gender 0.99

Female 620 (18.1) 1

Male 1702 (18.1) 1 0.90 -1.11

Age < 0.0001 < 0.0001

[40–45] 733 (13.4) 1 1

[45–50] 656 (17.0) 1.33 1.18-1.49 1.25 1.10-1.42

[50–55] 576 (25.0) 2.15 1.90-2.43 1.87 1.63-2.15

[55–60] 309 (30.6) 2.86 2.45-3.34 2.73 2.29-3.26

[60–65] 48 (24.5) 2.10 1.50-2.93 3.09 2.15-4.44

BMI* < 0.0001

Normal 721 (16.3) 1

Underweight 17 (14.3) 0.86 0.51-1.44

Overweight 972 (18.6) 1.18 1.06-1.31

Obesity 612 (19.9) 1.28 1.13-1.44

Daily smoking habits < 0.0001 0,06

Non-smoker 1611 (17.5) 1 1

Former smoker 110 (20.5) 1.21 0.98-1.51 1.27 0.97-1.66

From 1 to 10 cigarettes 112 (14.9) 0.83 0.67-1.02 1.30 0.92-1.85

From 11 to 20 cigarettes 219 (20.8) 1.24 1.06-1.45 0.99 0.70-1.40

From 21 to 30 cigarettes 167 (20.0) 1.18 0.99-1.41 1.47 1.08-2.00

> 30 cigarettes 103 (23.6) 1.46 1.16-1.83 1.19 0.86-1.65

Health status

Number of diseases 1.18 1.16-1.19 < 0.0001 1.09 1.07-1.10 < 0.0001

FICD / Yes 163 (36.6) 2.74 2.25-3.34 < 0.0001 1.45 1.14-1.85 0.003

MSD / Yes 1380 (28.1) 2.89 2.64-3.17 < 0.0001 1.95 1.74-2.20 < 0.0001

Mental diseases / Yes 501 (38.0) 3.27 2.90-3.70 < 0.0001 1.98 1.70-2.30 < 0.0001

Type of work function < 0.0001 < 0.0001

Mixed 960 (16.5) 1 1

Physical 1043 (24.8) 1.67 1.51-1.84 1.65 1.48-1.85

Mental 319 (11.4) 0.65 0.57-0.74 0.78 0.67-0.91

Firm size* < 0.0001

1-9 307 (15.6) 0.70 0.59-0.82

10-49 623 (16.1) 0.72 0.63-0.83

50-249 681 (17.2) 0.80 0.70-0.92

>=250 377 (21.0) 1

* Taken into account in the multivariable analysis but not part of the equation following Wald’s step-by-step descending method.
To help to read the table, let us comment on one example: in the multivariable analysis, taking the age category [40–45] as a reference, the probability to obtain
a poor to moderate WAS is significantly higher in the other age categories.
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time to complete and is more likely to be completed by
the employee. Since the introduction of WAI in the
medical surveillance routine, STM has experienced dif-
ficulties in the use of this tool, whether for the occupa-
tional health service (need for external expertise when
defining work function categories and for a high degree
of rigor when doing the data capture and calculating the
index) or for the workers themselves. When the worker
does not have a good understanding of the WAI aim,
he/she can only with difficulty answer correctly all
questions pertaining to the 7 items, which could account
for the high proportion of questionnaires not completely
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filled in (28.3%) in the present study. Missing values were
particularly frequent (> 15%) for WAI item 4 (estimation
of work impairment due to the diseases), item 5 (sickness
absence), item 6 (prognosis of ability over 2 years) and
item 7 (psychological resources).
The results obtained in the study seem to indicate that

using the single-item approach instead would not deteri-
orate the validity of the work ability information collected.
The level of convergent validity observed between WAS
and WAI was quite satisfactory (rs = 0.63) and of the same
order of magnitude as the correlation obtained for job sat-
isfaction measures [24]. In addition, the present analysis
shows that the assessment based on WAS (1 item)
highlighted the same factors of increase or reduction in
work ability as did the 7-item WAI, with the exception of
the effect of firm size (not observed with WAS in the mul-
tivariable model). WAS therefore appears as a tool to be
used in priority in the future as its user-friendliness brings
in a clear advantage for a systematic application during
medical examinations performed within the field of occu-
pational health care.

Research question 2 – Determinants of work ability
Relation with individual factors
The relations observed between work ability and the indi-
vidual variables generally corroborate those reported in
the literature. The results show a strong association be-
tween ageing and the decline in work ability, whether be it
assessed by WAI or by WAS; numerous studies have in-
deed demonstrated that young workers estimate their
work ability at a higher level than older ones [26-31]. In
the results obtained, the relation observed is nevertheless
not fully linear as work ability assessed in 60-65-year olds
was better than in 55-59-year olds (Tables 2 and 3). The
limited size of the older worker group when compared to
the other age groups supports the hypothesis of a “healthy
worker” effect, healthier individuals being able to stay lon-
ger on the labour market, a well-described phenomenon
in several industries [3].
The data analysed did not highlight any relation be-

tween gender and work ability, an observation in line with
the systematic review done by van den Berg et al. (2008)
[2]. It is worth mentioning however that this relation var-
ied according to the measurement tool used, either WAI
or WAS. On the basis of WAI measurement, the probabil-
ity of low or poor work ability was higher in women
(significantly in univariable and not reported in multivari-
able). Yet, this association disappeared when ability was
measured using WAS. Such a discrepancy between the
two methods has also been reported in the Finnish health
survey [9]. The authors suggested that the decrease in
WAI but not in WAS level in women could be accounted
for by a higher number of sick leaves and days of absence
but also by lower psychological resources [9].
The population studied in Luxembourg included a
high proportion of overweight workers and, in line with
the observations reported in other studies [2,26,32-34],
the present results suggest that those workers are more
at risk of presenting moderate or poor WAI and that
this risk increases as a function of the excess weight; but
it must be noted that this association was either not sig-
nificant (p=0.08) or not included in the multivariable
model. This could be due to the inclusion in the model
of the ‘number of diseases’ variable, the link between
overweight status and several pathologies, especially
cardiovascular ones, being well established. Another un-
healthy behaviour significantly increased the risk of pre-
senting low or poor work ability: a dose-effect relationship
was observed in univariable analysis with the number of
smoked cigarettes. This association was however not sig-
nificant in the multivariable model, and this could possibly
be ascribed to the importance of the diseases variable in
the model. In the literature, an association between work
ability and workers’ smoking habits was reported as sig-
nificant in a single study only [26].
In the present study, the relation between health status

and work ability has been explored on the basis of the
number of major diseases recorded by the occupational
physician. Mental diseases and musculoskeletal disorders
exerted the strongest negative influence on WAI; the
association with cardiovascular diseases was not so clear
unlike the observations made in the Finnish health
survey [9].
The prevalence of musculoskeletal disorders in the

studied population (38.3%) seems in line with the results
of the European survey in which 24.7% complained
about backache and 22.8% about muscle pain [35].
Regarding mental health problems (psychosis, anxiety,
addictive behaviour,. . .), the rate observed in the sample
(10.3%) appears relatively low when compared to the
rates reported in the European survey for stress (22.3%),
irritability (10.5%), or anxiety (7.8%). Nevertheless, given
the possible impact of such self-reported mental health
problems on the “fit for work” decision to be issued by
the occupational physician, some under-reporting bias
could be hypothesized.

Relation with occupational factors
This study highlighted significant differences in self-
estimated work ability according to the type of work func-
tion held. Workers assigned to a predominantly mental
function presented higher work ability levels than those
assigned to a mostly physical function. This trend was ob-
served both for WAI and WAS levels, and this is in line
with literature data [9,27,36,37]. This association could not
only reflect the detrimental effects of chronic exposure to
biomechanical and postural stress in physical jobs but also
the impact of low work control and poor job content [27].
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Firm size, or in other words the number of workers
employed, also influenced work ability as estimated by
WAI. The probability of presenting a WAI level defined
as moderate to poor was indeed lower in firms
employing less than 50 workers. This observation could
be linked to a more favourable relational environment in
small and very small (<10 workers) firms. Literature data
however does not provide any information on this issue.

Strengths and limitations of the study
A strength of the study lies not so much in the size of
the population sample studied (over half of the workers
in Luxembourg) but in the wide variety of professional
sectors represented. Not all sectors were represented
however: the STM service is not empowered to monitor
occupational health in such sectors as banks and insur-
ance companies or even hospitals. These sectors have
their own occupational health service.
From a methodological point of view, the large sample

of WAI data available made the exclusive selection of
fully complete questionnaires a better option than the
use of substitution algorithms for missing values.
Another strength of the study lies in its inscription in

the real practice conditions of workers’ health surveillance
as performed by an occupational health service; the study
showed the difficulty of applying a standardized and sys-
tematic process for work ability assessment with more
than 25 different nurses and physicians being involved.
The study design also has some limitations: the com-

pletion of the questionnaire being made on a voluntary
basis, without direct supervision, one cannot rule out
the idea that less educated workers decided not to fill in
the questionnaire or when filling it in, failed to provide
information for all the items. Another potential limita-
tion has to do with the quality of medical variables. The
CMR used in the STM service was not primarily
intended for epidemiological studies and the lack of
standardized anamnesis implies that the data-capture
and exploitation of the CMR might have been influenced
by features specific to each medical examiner.
Another limitation arises from the asymmetric gender

distribution in the studied sample: any extrapolation of
the observations of this study to other populations of
workers with balanced gender distribution would require
utmost caution.

Conclusion
This study shows that work ability, be it measured by WAI
or by WAS in a large population of employed workers in
Luxembourg, is associated with the same independent
variables as those pointed out in other worker populations
[2]. Ageing, overweight, decline in health status and holding
a mostly physical professional function increase the risk of
presenting moderate or poor work ability.
The convergent validity and the similarity in results
between these two tools should thus foster the use of
the single item of WAS, the self-assessed current ability
level in comparison to lifetime best, for a systematic
screening of work ability in worker populations either
within occupational health care or in public health sur-
veys. Taking into account this study results, STM has
decided to integrate WAS into the systematic anamnesis
of all workers at each medical examination; any decrease
in subjective work ability will thus be detected prospect-
ively and will trigger a reanalysis of the working conditions
and the implementation of a coaching approach for the
worker concerned. With regard to primary prevention,
STM will propose their affiliated enterprises specific pre-
vention programmes which will focus on the two health
problems most strongly linked to a low ability level: men-
tal health and musculoskeletal disorders [38,39].
Some observations made in the present study would

nevertheless deserve further studies in the future. In
view of the rate of non-respondents noted (44%), the
factors which can influence the participation in this type
of assessment should be investigated. More particularly,
one would need to assess the possible interaction be-
tween perceived health and participation: workers per-
ceiving their health as declining could decide not to fill
in the WAI questionnaire for fear of influencing the
occupational physician’s decision concerning their fitness
for work.

Abbreviations
CMR: Computerized medical records; CNPD: National Commission for data
protection; FICD: Functional and ischemic cardiac diseases; F.N.R.: National
Research Fund; MSD: Musculoskeletal disorders; OR: Odds ratio; STM: Service
de Santé au Travail Multisectoriel; WAI: Work Ability Index; WAS: Work Ability
score; WHO: World Health Organization.

Competing interests
The authors declare that they have no competing interests.

Authors' information
EFM: Researcher, Public Health Department, Liège University (Belgium) and
Centre for Health Studies, CRP-Santé, Luxembourg
BV: Biostatistician, Competences Centre for Methodology and Statistics,
CRP-Santé, Luxembourg
MN: Medical director of the “Service de Santé au Travail Multisectoriel” (STM)
(GD du Luxembourg)
LM-L: Director of the Centre for Health Studies, CRP-Santé, Luxembourg
CS: Associate Head of Unit, “Epidemiology and Public Health”, CRP-Santé,
Luxembourg
MP: Director of the Occupational Health and Health Education unit (STES),
Public Health Department, Liège University (Belgium)

Authors’ contributions
MEF: main investigator, in charge of database quality assessment,
categorisation of variables, statistical analysis (in close link with B.V.), writing
of the first draft of the manuscript and its successive revisions. VB: data
statistical analysis, revision of the Methods section. NM: initiating the study
and defining its aims, supervising the day-to-day management of the
computerized files within the STM Occup. Health Service, supervising the
data extraction, directing the expert team for the classification of each of the
200 work functions, revision of the manuscript. M-LL: defining the study
aims, revision of the manuscript. SC: methodological advice, revision of the



El Fassi et al. BMC Public Health 2013, 13:305 Page 10 of 10
http://www.biomedcentral.com/1471-2458/13/305
manuscript. PM: defining the study aims (with MN and LML), supervising the
main investigator, first revision of each successive draft of the manuscript. All
authors read and approved the final manuscript.

Acknowledgments
The authors wish to thank Dr Bausch, Mr Brune, Mrs Seutin and Mr Touillaux
from STM who greatly helped the authors put together the database and
the “Fonds National de la Recherche -(F.N.R.)” (National Fund for Research) of
Luxembourg who funded the research.

Author details
1Public Health Department, Liège University, Liège, Belgium. 2Service de
Santé au Travail Multisectoriel (STM), Strassen, GD, Luxembourg. 3Centre for
Health Studies (CRP Santé), Strassen, GD, Luxembourg. 4Centre for Health
Studies (CRP Santé), Competences Centre for Methodology and Statistics,
Strassen, GD, Luxembourg.

Received: 25 May 2012 Accepted: 25 March 2013
Published: 8 April 2013

References
1. Ilmarinen J: The work ability index (WAI). Occup Med 2007, 57:160.
2. van den Berg TI, Elders LA, de Zwart BC, Burdorf A: The effects of work-

related and individual factors on the Work Ability Index: a systematic
review. Occup Environ Med 2009, 66:211–220.

3. Burdorf A, Frings-Dresen MH, van Duivenbooden C, Elders LA:
Development of a decision model to identify workers at risk of long-
term disability in the construction industry. Scand J Work Environ Health
2005, 31(Suppl 2):31–36.

4. Kujala V, Tammelin T, Remes J, Vammavaara E, Ek E, Laitinen J: Work ability
index of young employees and their sickness absence during the
following year. Scand J Work Environ Health 2006 Feb, 32:75–84.

5. Alavinia SM, de Boer AGEM, van Duivenbooden JC, Frings-Dresen MH,
Burdorf A: Determinants of work ability and its predictive value for
disability. Occup Med 2009, 59:32–37.

6. Tuomi K, Ilmarinen J, Seitsamo J, Huuhtanen P, Martikainen R, Nygård CH, et
al: Summary of the Finnish research project (1981–1992) to promote the
health and work ability of aging workers. Scand J Work Environ Health
1997, 23(suppl 1):66–71.

7. Salonen P, Arola H, Nygård CH, Huhtala H, Koivisto AM: Factors associated
with premature departure from working life among ageing food
industry employees. Occup Med 2003, 53:65–68.

8. Camerino D, Conway PM, Van der Heijden BI, Estryn-Behar M, Consonni D,
Gould D, Hasselhorn HM, NEXT-Study Group: Low-perceived work ability,
ageing and intention to leave nursing: a comparison among 10
European countries. J Adv Nurs 2006, 56:542–552.

9. Gould R, Ilmarinen J, Järvisalo J, et al: Dimensions of work ability. Results
from the Health 2000 Survey. Helsinki (Finland): Finnish Centre for
Pensions; 2008. p. 25–34. Occup Environ Health 2008, 81:495–501.

10. de Croon EM, Sluiter JK, Nijssen TF, Kammeijer M, Dijkmans BA, Lankhorst
GJ, Frings-Dresen MH: Work ability of Dutch employees with rheumatoid
arthritis. Scand J Rheumatol 2005, 34:277–283.

11. Sluiter JK, Frings-Dresen MH: Quality of life and illness perception in
working and sick-listed chronic RSI patients. Int Arch Occup Environ Health
2008, 81:495–501.

12. Sormunen E, Remes J, Hassi J, Pienimäki T, Rintamäki H: Factors associated
with self-estimated work ability and musculoskeletal symptoms among
male and female workers in cooled food-processing facilities. Ind Health
2009, 47(3):271–282. Erratum in: Ind Health. 2009;47:453.

13. Ahlstrom L, Grimby-Ekman A, Hagberg M, Dellve L: The work ability index
and single-item question: associations with sick leave, symptoms, and
health—a prospective study of women on long-term sick leave. Scand J
Work Environ Health 2010, 36:404–412.

14. Dellve L, Karlberg C, Allebeck P, Herloff B, Hagberg M: Macro-organizational
factors, the incidence of work disability, and work ability among the
total workforce of home care workers in Sweden. Scand J Public Health
2006, 34:17–25.

15. von Bonsdorff MB, Seitsamo J, Ilmarinen J, Nygård CH, von Bonsdorff ME,
Rantanen T: Work ability in midlife as a predictor of mortality and
disability in later life: a 28-year prospective follow-up study. CMAJ. 2011,
183:E235–E242.
16. Radkiewich P, Widerszal-Bazyl M: Psychometric properties of work ability index
in the light of comparative survey study. Int Congr Ser 2005, 1280:304–309.

17. Bowling A: Just one question: if one question works, why ask several?
J Epidemiol Community Health 2005, 59:342–345.

18. Kuijer PP, Gouttebarge V, Wind H, van Duivenbooden C, Sluiter JK, Frings-
Dresen MH: Prognostic value of self-reported work ability and performance-
based lifting tests for sustainable return to work among construction
workers. Scand J Work Environ Health 2012 Nov 1, 38(6):600–603.

19. Cohen J: Statistical power analysis for the behavioral sciences. New York: L.
Erlbaum Associates publishers; 1988.

20. WHO: Obesity: preventing and managing the global epidemic. Report of
a WHO consultation. World Health Organ Tech Rep Ser 2000, 894:1–253.

21. Meneses-Gaya IC, Zuardi AW, Loureiro SR, Crippa JA: Psychometric
properties of the Fagerström Test for Nicotine Dependence. J Bras
Pneumol 2009, 35:73–82.

22. Tuomi K, Ilmarinen J, Jahkola A, Katajarinne L, Tulkki A: Work Ability Index.
Helsinki: Finnish Institute of Occupational Health; 1994:24. ISBN 951-802-029-9.

23. van Saane N, Sluiter JK, Verbeek JH, Frings-Dresen MH: Reliability and
validity of instruments measuring job satisfaction--a systematic review.
Occup Med (Lond) 2003, 53(3):191–200. Review.

24. Wanous JP, Reichers AE, Hudy MJ: Overall job satisfaction: how good are
single-item measures? J Appl Psychology 1997, 82:247–252.

25. Nagy MS: Using a single-item approach to measure facet job satisfaction.
J Occup Organizational Psychology 2002, 75:77–86.

26. Tuomi K, Eskelinen L, Toikkanen J, Jarvinen E, Ilmarinen J, Klockars M: Work
load and individual factors affecting work ability among aging municipal
employees. Scand J Work Environ Health 1991, 17(Suppl 1):128–134.

27. Ilmarinen J, Tuomi K, Klockars M: Changes in the work ability of active
employees over an 11-year period. Scand J Work Environ Health 1997,
23(suppl 1):49–57.

28. Goedhard WJ, Rijpstra TS, Puttiger PH: Age, absenteeism and physical fitness
in relation to work ability. Stud Health Technol Inform 1998, 48:254–257.

29. Pohjonen T: Perceived work ability of home care workers in relation to
individual and work-related factors in different age groups. Occup Med
2001, 51:209–217.

30. Tuomi K, Vanhala S, Nykyri E, et al: Organizational practices, work
demands and the well-being of employees: a follow-up study in the
metal industry and retail trade. Occup Med 2004, 54:115–121.

31. Monteiro MS, Ilmarinen J, Corraa Filho HR: Work ability of workers in
different age groups in a public health institution in Brazil. Int J Occup
Saf Ergon 2006, 12:417–427.

32. Pohjonen T: Age-related physical fitness and the predictive values of
fitness tests for work ability in home care work. J Occup Environ Med
2001, 43:723–730.

33. Tuomi K, Huuhtanen P, Nykyri E, et al: Promotion of work ability, the
quality of work and retirement. Occup Med 2001, 51:318–324.

34. Fischer FM, Borges FN, Rotenberg L, Latorre MDOR, Soares NS, Rosa PL,
Teixeira LR, Nagai R, Steluti J, Landsbergis P: Work ability of health care
shift workers: What matters? Chronobiol Int 2006, 23:1165–1179.

35. European Foundation for the Improvement of Living and Working
Conditions: 4th European Working Conditions Survey. Luxembourg: Office for
Official Publications of the European Communities; 2007:142. http://www.
eurofound.europa.eu/ewco/.

36. Nielsen J: Work ability within labour market status groups, industrial
groups and age groups. In Past, Present and Future of Work Ability. Edited
by Ilmarinen J, Lehtinen S. Helsinki: Finnish Institute of Occupational Health,
People and Work, Research Reports 65; 2004:41–47.

37. Perkiö-Mäkelä M, Hirvonen M, Elo A-L, Ervasti J, Huuhtanen P, et al: Work
and Health Survey 2006. Helsinki: Table report. Finnish Institute of
Occupational Health; 2006.

38. Majery N, Duveau A, Lempereur I, Knauf-Hübel D: Results of an Intensive
Rehabilitation Program for workers with chronic low back pain. Berlin:
Deutsche Hauptversammlung zur Europäischen Woche; 2007.

39. Majery N, Delfosse V: Development and implementation of an evidence based
guideline for aging workers in Luxembourg. Cancun, Mexico: 40th
International Congress of Occupational Health; 2012.

doi:10.1186/1471-2458-13-305
Cite this article as: El Fassi et al.: Work ability assessment in a worker
population: comparison and determinants of Work Ability Index and
Work Ability score. BMC Public Health 2013 13:305.

http://www.eurofound.europa.eu/ewco/
http://www.eurofound.europa.eu/ewco/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study design and setting
	Participants
	Variables
	Data-processing
	Statistical analysis
	Research question 1 - Comparison of WAI and WAS
	Research question 2 - Determinants of WAI and WAS


	Results
	Comparison respondents/non respondents
	Descriptive analyses
	Research question 1 - Comparison of WAI and WAS
	Research question 2 - Determinants of WAI and WAS


	Discussion
	Research question 1 - Validity of WAS compared to WAI and usefulness of WAS
	Research question 2 – Determinants of work ability
	Relation with individual factors

	Relation with occupational factors
	Strengths and limitations of the study


	Conclusion
	Abbreviations
	Competing interests
	Authors' information
	Authors’ contributions
	Acknowledgments
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


