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Abstract

Background: The Work Ability Index (WAI) assesses work demands, health status, and physical

and mental resources.

Objectives: To evaluate the measurement properties of the WAI, single-item work ability score

(WAS), and short version for online applications.

Methods: One hundred three workers completed the 3 versions of the WAI and the Perceived

Stress Scale (PSS-10) questionnaire. The reproducibility and construct validity of the 3 versions

of the WAI and their concurrent validity with the PSS-10 were tested. Statistical tests were per-

formed with IBM� SPSS 28.0.

Results: The test-retest reliability of the WAI, WAS, and WAI short version ranged from good to

excellent. The WAI and WAI short version showed excellent internal consistency. The construct

validity of the WAS was moderate and positive and it was excellent and positive for the WAI short

version. Concurrent validity of the WAI, WAS, and WAI short version was moderate and negative,

and item mental resources were strong and negative. Factor analysis reached an acceptable

level for all indexes (� 0.90). The analysis with two factors reached an acceptable level for all

indexes (� 0.90) and was the best model.

Conclusion: The reliability and construct and concurrent validity of the various versions of the

WAI were strong to excellent in online applications. Confirmatory factor analysis demonstrated a

new grouping of items for the WAI Brazilian version. However, it is necessary to be careful in the

choice due to the distribution model of items in health domains and aspects of work.
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Introduction

The Work Ability Index (WAI) was created to assess work
requirements, health conditions, physical and mental
demands, and current and future work ability.1-6 The Finnish
Institute of Occupational Health developed the WAI so that
workers could understand and identify factors that could
pull them out of the labor market early.2,3 In Brazil, the WAI
started being applied in 1996 after changes in social secu-
rity, knowledge about aging of the Brazilian population, and
the insertion and/or maintenance of workers for more than
30 years in the workforce.4-6

Few studies have evaluated the measurement properties of
the Brazilian version of the WAI.6-9 Those showed that the WAI
has good internal consistency,6 moderate to strong test-retest
reliability,7,8 and poor to moderate criterion validity.6

Although described in the study by Martinez et al.,6 the confir-
matory factor analysis, from which the authors propose a dis-
tribution of questionnaire components in the Brazilian version,
does not meet established statistical analysis criteria.10,11

The WAI is a questionnaire that measures several dimen-
sions, and it takes time for the worker to complete it, which
may result in a loss of interest. This may result in the answers
not being accurate, leading to subsequent interpretation
errors.12 The WAI is also complicated to use in large-scale
surveys.13 Therefore, some authors propose using the single-
item work ability score (WAS), which corresponds to the
worker’s current work ability, which maybe an alternative to
quickly assess whether there is a possibility of long-term sick
leave.12 The validity of the single item WAI was tested in Bra-
zil in 379 workers, most of whom performing clerical work
(n = 227), and showed weak to moderate correlation with the
WAI and was not recommended for use by the authors.9 The
single-item work ability score (WAS) tested in other studies
showed excellent correlation (>0.9) with the WAI.14,15

Three studies proposed a short version of the WAI as an
alternative to the WAI.13,16,17 In one of the versions, the items
related to diagnosed diseases and difficulty with work due to
these diseases were revised16; the other version keeps the sin-
gle-item work ability score (WAS) and questions related to
physical and mental demands. A third version removed the
item diagnosed diseases and kept the other items of the
WAI.13 Although the short versions have different purposes, all
have been reported to be as good as the WAI full length.13,16,17

The Portuguese-Brazilian version of the WAI has never had
its measurement properties tested for online application.
There is no factor analysis of the constructs that make up
the WAI in its paper or online versions. The Portuguese-Bra-
zilian version of the WAS was not found to be valid when
compared to the WAI, and the WAI-short version was never
tested for its validity for a population of Brazilian workers.18

This study aims to evaluate the measurement properties of
reproducibility, validity, and factorial analysis of the various
versions of the WAI completed online.

Methods

Study design

This is a study of the measurement properties of the WAI.
Data were collected after approval by the Research Ethics

Committee of the Universidade Cidade de S~ao Paulo, Brazil
under the number (CAAE 36214920.2.0000.0064).

Participants

A total of 103 workers over 18 years of age from all states in
Brazil participated in this study. Workers represented vari-
ous occupations: health professionals (nurses, doctors, tech-
nicians, nursing assistants, physical therapists, speech
therapists, pharmacists, dentists), teachers, industry pro-
fessionals (engineers, architects, technicians), administra-
tive professionals (administrators, lawyers, human
resources, information technology, trainees), security pro-
fessionals, and independent workers. The exclusion criteria
were pregnant women and employees on leave for health
reasons.

Questionnaires

Work Ability Index (WAI)

The WAI consists of 7 items and 10 questions: 1) work ability
compared to lifetime best (one question with score ranging
1�10 points), 2) work ability in relation to the physical and
mental demands of work (score weighted by the results of
the two questions, ranging from 2 to 10 points), 3) the num-
ber of current diseases diagnosed by a physician from a list
of 51 diseases (one question with score ranging from 1 to 7
points), 4) estimated absence from work due to disease (one
question with a score ranging from 1 to 6 points), 5) absence
from work due to disease in the last 12 months (one question
with score ranging from 1 to 5 points), 6) self-prognosis of
work ability in 2 years (one question with score ranging from
1 to 4 points), and 7) mental resources within this question:
do you enjoy daily tasks? Are you active and alert? Are you
hopeful for the future? (three questions, score weighting,
with ranging from 1 to 3 points). The final score ranges from
7 to 49 points; the higher the score better the work ability,
which can be classified as low (7 to 27 points), moderate (28
to 36 points), good (37 to 43 points), or excellent (44 to 49
points).4-6

Single-item work ability score (WAS)

The WAS question is the first question (item) of the WAI,
which evaluates the “Current work ability compared with
lifetime best “(Likert scale 0�10 points).4-6

WAI-short version

There are three short versions for the WAI. The version pro-
posed by Hetzel et al.,16 WAI-r (shortened), revised items 3
and 4; where item 3 is number of current diseases diagnosed
by a physician (using a list of 13 diseases or injuries) and
item 4 is estimated work impairment due to diseases (is your
illness or injury a hindrance to your current job?). The score
for this version varies between 5 and 36 points. Ebener and
Hasselhorn17 suggested using the first 2 questions from the
WAI: “Current work ability compared with lifetime best€and
two items assessing “work ability in relation to the mental/
physical demands of the job”. Shouten et al.13 proposed
removing item 3 of the WAI. In this study, we used the short
version tested by Shouten et al.,13 which final score ranges
from 6 to 42 points.
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Perceived Stress Scale (PSS-10)

The PSS-10 was used to evaluate the perception of occupa-
tional stress, which indicates the frequency of feelings and
thoughts during the last month (last 30 days).19-21 The PSS-
10 consists of 10 items, six positive and four negatives, rated
on a 5-point Likert scale (1 = never to 5 = very often). The
final score is the sum of all items and ranges from 0 to 40
points. The higher the score, the greater the perceived
stress.19-21 The Brazilian Portuguese version has good repro-
ducibility and acceptable construct validity.19-21

Procedures

The participants were recruited by the “Snowball” method
by emailing the questionnaire link and a brief explanation
about the study and dissemination on social networks (What-
sApp, LinkedIn, Facebook, and Instagram). The online
questionnaire, developed in Google Forms, contained socio-
demographic, anthropometric, and occupational informa-
tion; the WAI (full length, single-item, and WAI short
version); and the PSS-10 questionnaire. The potential partic-
ipants read the study instructions, provided consent to
participate by signing the Informed Consent Form, and then
completed the questionnaire. The questionnaire was com-
pleted twice: baseline and after 7 days (test-retest).

Measurement properties

Reproducibility refers to the ability of a questionnaire to
obtain similar responses in a test-retest experiment under
unchanged conditions. It can be calculated using the follow-
ing tests: kappa, weighted kappa, and intraclass correlation
index.10,11 Internal consistency determines whether items of
a questionnaire (or the scales of the questionnaire) measure
the same construct. It can be calculated using the following
tests: Cronbach’s alpha and McDonald’s omega.10-11

Construct validity refers to the extent to which the score
on a given questionnaire represents the actual concept
being examined. Construct validity should be assessed from
a hypothesis formulation.10-11 Concurrent validity evaluates
how much a new method correlates with an existing one.
Both types of validity can be determined using Pearson cor-
relation coefficient (r) (for two continuous measurements)
or Spearman’s rank correlation coefficient (rho) (for non-
parametric variables).

Factor analysis is a statistical technique that explains
observed or measured variables by fewer unobservable
hypothetical variables. Its purpose is to assimilate the

correlations implicit in the data. It can be employed as
Exploratory Factor Analysis (EFA) and Confirmatory Factor
Analysis (CFA).10-11 CFA looks at a study of models for mea-
surement questionnaires, where you already have a theory
and the relationships between a set of indicators or observed
variables and one or more latent variables. For EFA, a linear
regression compares dependent items with latent factors,
where the observed variables alternate into common and
unique.

Statistical analysis

The test-retest reliability of the WAI versions were analyzed
using intraclass correlation coefficients (ICC2,1). Reliability
can be considered poor (<0.40), moderate (0.40�0.75),
strong (0.75�0.90), and excellent (>0.90).10,11 Internal con-
sistency was determined using Cronbach alpha coefficient
(a), which is considered positive when between 0.70 and
0.95; low when less than 0.70; and redundant when greater
than 0.95.10,11 Construct validity was assessed by the
hypothesis that the correlation between the WAS and the
short version of the WAI with the total WAI score would show
a moderate to strong positive Pearson test (r). The concur-
rent validity of the WAI versions was tested based on their
association with the score on the PSS-10. The correlation
analysis between the mental resources item of the WAI
(composed of 3 questions) with the total values of the PSS-
10 was classified as strong above 0.70 and moderate from
0.30 to 0.70. The negative or positive value indicates the
direction of the relationship and depends on the scoring and
classification criteria of the measurement questionnaire
used. The validity tests were performed with retest
data.10,11

The factor analysis was designed according to the WAI ori-
entation, with 7 items including all 10 questions. The first
analysis (Table 1) considered the 10 questions through con-
firmatory factor analysis in three models of three factors
each (current work ability and demands; absences at work
and future work ability; diseases and losses at work). Model
A (Peralta et al.22 - Argentine version); Model B (Martinez et
al.6 - Brazilian version); and Model C, analysis of this study.
The Model C was grouped through an exploratory factor
analysis, grouping issues that communicate better with each
other.

The second analysis (Table 1) considered the 7-item WAI
and two factors (current and future ability; health) in two
equal models: Model A (Freyer et al.23 and Rodriguez
et al.24) and Model B proposed in this study, through

Table 1 Description of Models A, B, and C, considering the allocation of the 10 questions in three factors (a). Models A and B in

the allocation of the 7 items in two factors (b).

Allocation (a) Model A (Questions) Model B (Questions) Model C (Questions)

Factor 1 1, 2, 3, 8, 9 and 10 8, 9 and 10 8, 9 and 10

Factor 2 6 and 7 1, 2 and 3 1, 2, 3 and 7

Factor 3 4 and 5 4, 5, 6 and 7 4, 5 and 6

Allocation (b) Model A (Items) Model B (Items)

Factor 1 1, 2, 6 and 7 1, 2, 3 and 7

Factor 2 4 and 5 4, 5 and 6
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confirmatory factor analysis. Model B was grouped after an
exploratory factor analysis, which adjusted the items within
the two factors. IBM� SPSS 28.0. was used for all analyses
(p < 0,05).

Results

Of the 103 participants, 82 were female, the average age
was 39 years old, and most participants were considered to
be of normal weight based on their body mass index. More
than half of the participants (57.3%) were married or in a
stable relationship. Most had a graduate degree completed
or in progress (74.8%) and had incomes of 5 or more mini-
mum wages (Supplementary material).

Supplementary material provides the results of the WAI
versions and PSS-10 at baseline and retest 7 days later. The
WAI, WAS, and WAI-short versions scores show little variation
between the two-time points.

Reproducibility of WAI versions

The test-retest reliability of the WAI completed online was
excellent: ICC2,1: 0.922 (0.884, 0.947); Cronbach’s alpha
(0.930). The WAS showed good reliability (ICC2,1:0.868

(0.812, 0.909). WAI-short version showed excellent reliabil-
ity (ICC2,1:0.907 (0.865, 0.936)); Cronbach’s alpha (0.951).

Validity of the WAS and WAI-short version

The WAS construct validity was tested by correlation with
the WAI, which was strong and positive (r = 0.784;
p < 0.001). The correlation between the WAI-short version
and the WAI was excellent and positive (r = 0.957;
p < 0.001). The concurrent validity of the WAI, WAS, and
WAI-short version with perceived stress measured by
the PSS-10 showed moderate and negative correlation val-
ues (r= �0.625; p < 0.001; r= �0.595; p < 0.001; r= �0.647;
p < 0.001). The correlation of the mental resources item of
the WAI with perceived stress (PSS-10) was strong and nega-
tive (r=�0.701; p < 0.001).

Factor analysis of the WAI Brazilian Portuguese
version

Model C consists of the model proposed by our study after
the extraction of three factors in the Exploratory Factor
Analysis (Fig. 1).

The Kaiser-Meyer-Olkin test verified sample adequacy
for the analysis with acceptable values (KMO=0.81). The

Fig. 1 Exploratory Factor Analysis considering the WAI with 10 questions and three factors (Model A, B, and C).
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Bartlett’s sphericity test was chi-square (45) = 323.856,
(p < 0.001). These indicated that the correlations between
the questionnaire items were sufficient for the analysis.

The factor extraction criterion by eigenvalues showed
the presence of three factors with eigenvalues > 1 related
to the 10 questions of the WAI questionnaire, which explains
62.95% of the total variance of the participants’ responses.
These values were satisfactory because they should explain
at least 50% of the total variance of the questionnaire (Sup-
plementary material).

Confirmatory factor analysis

Fig. 2 shows Models A and B with a two-factor analysis where
Model B is proposed in this study.

None of the tested models reached an acceptable level
for all indices (� 0.90). However, there was a better fit of
Model C than the others. Yet, Model C, although better than
the others, did not provide an adequate fit for the data
(Table 2).

The Kaiser-Meyer-Olkin test verified sample adequacy
for the analysis with acceptable values (KMO=0.74). The
results for Bartlett’s test of sphericity were chi-square
(21) = 289.750, p < 0.001. These indicated that the correla-
tions between the questionnaire items were sufficient to
perform the analysis.

The criterion for factor extraction by eigenvalues
(eigenvalues>1) showed the presence of three factors with
eigenvalues > 1 related to the 7 items of the WAI question-
naire, which explains 64.54% of the total variance of the par-
ticipants’ responses. These values were satisfactory because
they should explain at least 50% of the total variance of the
questionnaire (Supplementary material).

Models A and B reached an acceptable level for all indices
(� 0.90). However, there was a better fit of Model B than
Model A (Table 3).

When comparing the index data extracted in our study by
means of AFC (Table 3). we can observe that the model
reached an acceptable level for all indices (� 0.90). It
presented a better fit when compared to the data extracted
by the other studies by Freyer et al.23(German version) and
Rodríguez et al. (Spanish version).24

Discussion

The results of this study showed the test-retest reliability of
the WAI, WAS, and the WAI-short version ranged from good
to excellent, and construct validity was strong and positive.
The concurrent validity of the WAI, WAS, and WAI-short ver-
sion showed moderate and negative correlations. The men-
tal resources item of the WAI had a strong and negative

Fig. 2 Confirmatory analysis with two factors (Model A and B).

Table 2 Fit indices for the three PSWQ factor models tested according to confirmatory factor analysis.

Models X2 df GFI CFI RMSEA SRMR AIC ECVI NFI NNFI

Model A 59.46 32 .88 .90 .09 .67 105.46 1.03 .82 .74

Model B 47.64 32 .92 .94 .06 .70 93.64 .91 .85 .80

Model C 42.29 32 .92 .96 .05 .56 88.29 .86 .87 .82

Fit indices for the three PSWQ factor models were tested according to confirmatory factor analysis. CFI, Comparative Fit Index; GFI, Good-
ness of Fit Index; RMSEA, Root Mean Square Error of Approximation; SRMR, Standardized Root Mean Residual (SRMR); AIC, Akaike’s Informa-
tion Criterion; ECVI, Expected Cross-Validation Index; NFI, Normed Fit Index; and NNFI, Non-Normed Fit Index.
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correlation with perceived stress measured by the PSS-10.
The factor analysis was performed in two stages: the first
with 10 questions in three models of three factors each
(Models A, B, and C). The model shows acceptable values of
sample adequacy, which explains the total variance of the
questionnaire. However, none of the tested models reached
an acceptable level for all indices. The tested version of
Model C is the most complete and recommended. Compared
to the others, the second stage has 7 items and two models
with two factors each (Models A and B). The results showed
acceptable values of sample adequacy, explain the total var-
iance of the questionnaire, and reach an acceptable level
for all indices with the better fit of Model B compared to
Model A.

The test-retest reliability of the WAI completed online
after a 7-day interval was excellent, better than the results
obtained in the study by Martinez et al.6 The test-retest reli-
ability at 4 weeks for the Iranian version of the WAI was
excellent. There was no statistical difference between the
mean WAI scores on the test and retest.25

The WAS showed good reliability and the WAI-short ver-
sion reliability is excellent. The validity of the single item
version was tested by correlation with the WAI, which was
strong and positive, different from that found by Cazotti
et al.,9 although the study populations were different. Our
findings are consistent with the studies of Ahlstrom et al.14

and El Fassi et al.15 The correlation between the WAI-short
version and the WAI was excellent, as in the study by
Shouten et al.13

As expected, for concurrent validity, the WAI, WAS, and
WAI-short version showed a moderate and negative correla-
tion with perceived stress measured by the PSS-10.6 The
concurrent validity results associating the mental resources
item of the WAI with PSS-10 showed better results due to the
more specific construct comparison. No previous study cor-
relates the PSS-10 with the WAI in any form of application.

Regarding the factor analysis of the WAI, the studies of
Peralta et al.22 (Argentina version - Model A) and Martinez et
al.6 (Brazilian version - Model B) presented a model with
three factors. However, the models presented different
groupings of the questions by factor compared to the model
tested in this study (Model C).6,22 There was a better adjust-
ment of Model C in relation to Models A and B, perhaps due
to grouping questions about the current and future work
ability, reasons for illness, and what they imply in work and
mental resources together. Unlike the other models, Model
A grouped questions about current and future work ability

and mental resources, work absences, and number of dis-
eases and what they imply for work; and Model B: questions
about current work ability, number of diseases and what
they imply for work, absences from work, and future work
ability and ultimately mental resources.6.22

The studies by Freyer et al.23 (German version) and Rodrí-
guez et al.24 (Spanish version) tested the CFA and presented
a model with two factors, and refer to what we call Model A.
Model B consists of the model proposed by our study after
the extraction of CFA with different results.23,24 The second
analysis groups the item for current and future work ability
and health outcomes in Model A and Model B. This study
shows a different grouping of items with the current work
ability, diseases, and mental resources along with implica-
tions of diseases and absences from work.23,24

The sample size of 100 subjects for factor analysis, as
occurs in our study, is the minimum to ensure reliable results
according to COSMIN guidelines, although this number is still
debated.26,27 A rule to be used to define the sample size
varies from 4 to 10 subjects per variable,27 and the WAI com-
plete version has 7 items and 10 questions.

The strength of this study is that it was conducted
entirely online, the first to do so, and demonstrated better
measurement properties than the paper-based Portuguese-
Brazilian version. It is also a study that shows the unprece-
dented result of a factor analysis with a clustering outcome
of WAI issues distinct from other published studies. The ver-
sion of the WAI that best fits the Brazilian version, in the
opinion of the authors of this study, is a version with two fac-
tors of Model B of the second-factor analysis due to its result
having an acceptable level which are better than those from
previous studies.

The limitation of this study is that the majority of partici-
pants were in the healthcare area due to the “Snowball”
approach of recruitment, where people knew other people
with high education. Data collection was performed during
the coronavirus pandemic, which may have been reflected
in the participants’ responses due to the insecurity in rela-
tion to health and work. However, even so, we believe that
as it is a study of measurement properties, the results
reflect the quality of the questionnaire.

Conclusion

The WAI, WAS, and WAI short version presented good to
excellent test-retest reliability. The WAS and the WAI short

Table 3 Fit indices for the two PSWQ factor models were tested according to confirmatory factor analysis—a comparison of the

Brazilian version tested in this study with the German and Spanish versions.

Models X2 Df GFI CFI RMSEA SRMR AIC ECVI NFI NNFI

Model A 19.76 11 .95 .96 .08 .66 53.76 .52 .93 .87

The Brazilian version of Model B 14.25 11 .96 .98 .05 .47 48.25 .47 .95 .90

German version 289.60 13 .88 .92 .11 � � � � �

Spanish version 59.52 � .96 .98 .06 � � � � �

Fit indices for the three PSWQ factor models were tested according to confirmatory factor analysis. CFI, Comparative Fit Index; GFI, Good-
ness of Fit Index; RMSEA, Root Mean Square Error of Approximation; SRMR, Standardized Root Mean Residual (SRMR); AIC, Akaike’s Informa-
tion Criterion; ECVI, Expected Cross-Validation Index; NFI, Normed Fit Index; and NNFI, Non-Normed Fit Index.
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version proved valid to assess work ability compared to the
full WAI. The grouping of items and domains demonstrated
an unprecedented confirmatory factor analysis, which is pos-
sible to use in new studies. The study indicates that the
three versions of the questionnaire can be used. However, it
is necessary to consider that the distribution of the items
indicates a need to consider the distribution of the con-
structs.
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