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Introduction: In workplace health promotion (WHP), health literacy and work ability

are considered as outcomes of high interest. Therefore, the question arises as to

what extent individual health literacy skills have an impact on work ability alongside

sociodemographic influences.

Objectives: This study aimed to examine the associations between a structural model

of health literacy as well as sociodemographic context factors and the work ability among

employees with health-related risk factors.

Materials andMethods: The study was based on baseline data of a workplace-related

intervention (158 employees with health-related risk factors, 53.8% women, 48 ± 10

years). Health literacy skills were assessed with Lenartz’s Questionnaire (measuring

“self-perception”, “proactive approach to health”, “dealing with health information”,

“self-control”, “self-regulation”, and “communication and cooperation”). Work ability

was measured by the German Short Form of the Work Ability Index (WAI). As

sociodemographic context factors, sex, age, and educational level were assessed. The

associations were examined using structural equation modeling with partial least squares

(SmartPLS 2.0.M3). Common quality criteria were applied and significance level was set

at α = 5%.

Results: Model’s reliability, validity, and structure could be validated. Regarding the

impact on work ability, “self-regulation” showed a statistically significant direct effect

(ß = 0.32, t(∞) = 4.00, p < 0.01, f2 = 0.09) and “self-perception” had a significant

indirect effect (ß= 0.13, t(∞) = 2.53, p < 0.05). The only additional association with work

ability was found for age (ß = −0.25, t(∞) = 3.82, p < 0.01, f2 = 0.04). The WAI score

variance was explained to 17.5% by the health literacy skills and to 27.5% considering

the additional sociodemographic context factors.

Conclusion: According to the structural model of health literacy, in employees

with health-related risk factors, a target group-specific WHP approach could be the

encouragement of self-regulation and self-perception. However, additional resources and

conditions influencing work ability should be considered.

Keywords: health promotion, health literacy, work ability, structural model, PLS-SEM (partial least squares

structural equation modeling)
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INTRODUCTION

In Germany, almost one third of the adult population rate
their general health as fair, poor, or very poor (1) and even
about half of the population has a chronic disease or long-
term health problem (2). The most prevalent health impairments
are related to internal cardiometabolic (e. g., hypertension,
hyperlipidemia, obesity) and musculoskeletal (e.g., chronic back
pain, osteoarthritis) conditions (3). For example, in the target
group of employees, 41% show the cardiovascular risk factor
hypertension (4), and 70% report at least one musculoskeletal
complaint (5). Additionally, mental health impairments like
physical or emotional exhaustion and fatigue are increasing
(5). As a result, primary and secondary prevention activities to
prevent diseases or health problems, reduce the risk of disease or
delay the onset of the same, are emphasized (6).

One key determinant of health today is considered to be
health literacy (7), which as a concept is integrally linked to the
field of health promotion (8–10). Health promotion is defined
as the “process of enabling people to increase control over, and
to improve, their health”, including physical, mental, and social
well-being (11). Accordingly, the concept of “health literacy is
linked to literacy and entails people’s knowledge, motivation and
competences to access, understand, appraise and apply health
information in order to make judgements and take decisions
in everyday life concerning health care, disease prevention and
health promotion to maintain or improve quality of life during
the life course” (7, 12). In this regard, studies have confirmed the
association of health literacy with health status, health behavior,
and health risk factors (13–16). Yet, it is particularly people with
health problemswho need a high level of health literacy since they
have to take more responsibility for their health (17). However,
a variety of different concepts and definitions of health literacy
emerged to date (18), which is why it is essential to refer to
specific models in health literacy studies.

Against this background, Lenartz developed a structural
model of health literacy (Figure 1) with the intention to
contribute to the content development of health promotion
interventions in different contexts (19, 20). The model consists
of basic health-related knowledge and literacy skills as well
as six advanced health literacy skills (perceptive-motivational
conditions and behavioral components of health literacy)
explaining health status and health behavior through their
indirect and direct influence (19–21). So far, the included health
literacy skills were associated with physical and mental health
as well as health behavior in the target groups of pupils and
adults (19), with the absence of physical complaints in students
(22), with psychological well-being in adults (23), and with work
ability in vocational school students (24).

Another target group with increased interest in health
promotion are employees with health-related risk factors, as they

Abbreviations: AVE, average variance extracted; CC, communication and

cooperation; CR, composite reliability; DHI, dealing with health information;

PAH, proactive approach to health; PLS, partial least squares; SC, self-control;

SEM, structural equation modeling; SP, self-perception; SR, self-regulation; WAI,

work ability index; WHP, workplace health promotion.

seem to be vulnerable in terms of both health literacy and work
ability. Since health literacy is an individual resource for health
(13–16), which in turn has a significant influence on work ability
(25, 26), the question arises as to what extent health literacy skills
have an impact on work ability in this target group. Nevertheless,
sociodemographic context factors should also be considered as
they are known to have a relevant effect on health status and
health literacy (27, 28).

The present study examined a structural health literacy model
in the target group of employees with health-related risk factors.
Research questions were:

(1) Can the structural model of health literacy be validated in a
sample of employees with health-related risk factors?

(2) To what extent are the advanced skills within the structural
model of health literacy associated with the target group’s
work ability?

(3) To what extent are sociodemographic context factors
additionally associated with the target group’s work ability?

MATERIALS AND METHODS

Study Design and Data Sources
A secondary analysis of baseline data of the AtRisk study was
conducted. The subject of the AtRisk study was the evaluation
of a cross-provider workplace-related health promotion
intervention for employees with health-related risk factors
(29). Within the AtRisk study, this target group was defined
as employees with initial health impairments which do not yet
indicate rehabilitation, but which probably have an unfavorable
influence on the individual’s work ability. This health condition
was described by the term “employees with health-related
risk factors”. Following a company doctor’s medical entry
examination, potential participants were invited to the behavior-
related secondary prevention intervention. Eligibility criteria
were (1) a formally approved application for a preventive health
service by the German Pension Fund, (2) age 18 to 65 years, (3)
first health impairments (of the musculoskeletal system, internal
organs or mental impairments) understood as health-related
risk factors, and (4) written informed consent to participate in
the study (29). Exclusion criteria were (1) the indication for a
rehabilitative treatment, (2) the need for acute care, and (3) lack
of understanding the German language (29). Baseline data were
collected by self-reporting paper-pencil questionnaires between
July 2016 and August 2017. Ethical approval was provided by the
German Sport University Cologne Ethics Committee (reference
number 93/2015).

Measures
In order to assess health literacy, Lenartz’s German health literacy
questionnaire (19) was used. It is based on the structural model of
health literacy (Figure 1) and consists of 29 items to be appraised
on a four-point scale (1 = “not correct at all”, 2 = “rather not
correct”, 3 = “rather correct”, 4 = “correct”) depicting the six
advanced skills. For the six subscales, mean values are calculated.
The questionnaire has been applied in different target groups and
validated with multiple outcomes (19, 22–24).
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FIGURE 1 | Structural model of health literacy according to Lenartz (19) and Soellner et al. (20).

To assess work ability, the German short-form of the work
ability index (WAI) (30) which is recommended for group
surveys in the setting of workplace health promotion (WHP)
(31) was applied. Ten items on the demands of work, employee’s
health status, and resources in the context of work are assigned
to seven dimensions and standardized point values are given
for each answer (30). According to the resulting sum score
between 7 and 49 points, work ability is considered to be poor
(7–27), moderate (28–36), good (37–43), or very good (44–
49) (30). Validity (25, 32–35) and reliability (32, 35, 36) were
confirmed repeatedly.

Additionally, participants’ sex (male/female), age (years),
and the highest level of educational level were determined
as sociodemographic context factors. Educational level was
described as low (no general school certificate or general
school certificate without university entrance qualification)
medium (general school certificate with university entrance
qualification) or high (university degree) based on the highest
level of education.

Statistical Analyses
In the present secondary analysis, incomplete questionnaires
were not considered. It was examined whether missing values
were missing completely at random (MCAR) (37).

To describe the sample, descriptive statistics (means, SDs,
minima, maxima, 95% confidence intervals, frequencies)
were calculated.

To test the model structure and to examine the associations
between the advanced health literacy skills, sociodemographic
context factors, and work ability, structural equation modeling
(SEM) with partial least squares (PLS) was conducted with
SmartPLS 2.0.M3 (38). PLS-SEM is a non-parametric method
which also works with binary coded variables and should be
chosen if the primary objective of applying structural modeling is
prediction and explanation of target constructs (39). In PLS-SEM,
relations between latent and manifest variables (measure/outer
model) as well as between latent variables (structural/inner
model) are defined in form of path models. The directional
interpreted paths are represented by connecting arrows (40).

To validate Lenartz’s structural health literacy model (see
research question 1), the inner model was built of the six
advanced skills according to the model structure (Figure 1).
“Self-perception” is the only independent (exogenous)
latent variable with all other dimensions being dependent
(endogenous) latent variables (“proactive approach to health”,
“dealing with health information”, “self-control”, “self-
regulation”, “communication and cooperation”) (19). For
each subscale, items were summarized into parcels in order
to ensure comparability with previous studies (19, 22, 24).
The item parcels served as reflective indicators for the related
latent constructs (outer model). To assess internal consistency
reliability, Cronbach’s α and composite reliability were both
compared to the benchmark >0.7) (40). Convergent validity
was assessed by the indicators’ significant outer loadings
(benchmark >0.7, p < 0.05) and the average variance
extracted (AVE) for each latent variable (benchmark >0.5)
(40). Discriminant validity was considered if the indicators
correlated highest with the related construct (cross-loadings)
(40). Additionally, the Fornell-Larcker criterion, stating that
the square roots for each latent variable’s AVE should be
higher than its highest correlation with any other variable, was
applied (41).

The structural model’s predictive power was evaluated by the
determination coefficient R2 and its effect size f2. R2 indicates
the proportion of the variance of the endogenous constructs
that is described by all associated latent variables (40) with R2>
0.02 being considered a small, R2> 0.13 a median and R2>
0.26 a large effect in the behavioral sciences (42). The effect size
f2 describes the influential amount of a latent variable on the
variance explained (f2> 0.02 small, f2> 0.15 medium, f2> 0.35
large effect) (42).

The significance of the paths was estimated by bootstrapping
processes (158 cases, 5,000 samples, df = ∞) using critical
t-values of >1.960 (p < 0.05) and >2.576 (p < 0.01) (40, 43).

To examine the associations between health literacy skills and
work ability (see research question 2), the WAI sum score was
included as a further endogenous variable and connected with
the four behavioral components of health literacy.
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TABLE 1 | Sample characteristics.

Categorial sample characteristics

(n = 158)

n % 95%-CI

Sex (female) 85 53.8 47.2–60.4

Educational level

Low 80 50.8 44–57.2

Medium 48 30.4 24.5–36.4

High 30 19 13.9–24.1

Work ability status

Poor 11 7 3.7–10.3

Moderate 56 35.4 29.4–41.4

Good 79 59 43.6–56.4

Very good 12 7.6 4.2–11.1

Metric sample characteristics M ± SD MIN; MAX 95%-CI

Age (years) 48±10 20; 63 45.9–49.2

Health literacy (scale: 1–4)

Perceptive-motivational conditions Self-perception 2.9 ± 0.4 2.0; 4.0 2.8–3.0

Proactive

approach to health

2.6 ± 0.5 1.4; 4.0 2.6–2.7

Behavioral components of health

literacy

Dealing with health

information

3.0 ± 0.5 1.6; 4.0 2.9–3.1

Self-control 2.9 ± 0.4 1.6; 4.0 2.8–2.9

Self-regulation 2.4 ± 0.6 1.0; 4.0 2.3–2.5

Communication

and cooperation

2.5 ± 0.6 1.3; 4.0 2.4–2.6

Work ability score (WAI) (scale: 7–49) 36.4 ± 5.3 22.5; 47.5 35.5–37.2

M, mean value; SD, standard deviation; MIN, minimum; MAX, maximum; 95%-CI, 95% confidence interval; WAI, work ability index.

Additionally, the independent variables sex, age, and
educational status were linked to work ability, to examine the
direct relationship of these sociodemographic context factors
with work ability (see research question 3).

As a result, the highest number of direct paths to the construct
of work ability is seven (four behavioral components of health
literacy and three sociodemographic context factors) which is
multiplied by 10 to calculate the necessary sample size (70
cases) according to a common rule of thumb in the methods of
structural equation modeling (44).

RESULTS

Sample and Descriptive Results
Two hundred fifty-six employees with health-related risk factors
took part in the baseline survey of the underlying AtRisk
study. One fifty-eight participants (61.7%) provided complete
baseline data, thus the required sample size has been reached (70
cases). Incomplete answers were missing completely at random
(MCAR). As a result, 158 respondents (53.8% female, 48 ± 10
years) were included in the following analysis (Table 1).

Measure Model
Cronbach’s α was >0.7 except for self-perception (α = 0.69) and
composite reliability (CR) was >0.7 for all variables (Table 2).
Each variable had an AVE >0.5 (Table 2) and significant outer

loadings >0.7 (Table 3). All indicators correlated highest with
their related construct (Table 3) and the Fornell-Larcker criterion
(Table 2) was fulfilled.

Structural Models
All path coefficients within the structural model of health literacy
were statistically significant (Figure 2). “Self-control” explains
the highest proportion of variance (22.2%) within the model. The
highest path coefficients lead from “self-perception” to “proactive
approach to health” (ß = 0.40) and “self-control” (ß = 0.37).

Work ability’s determination coefficient was moderate
(17.5%). “Self-regulation” showed the only statistically significant
direct effect on work ability (ß = 0.32, t(∞) = 4.00, p < 0.01, f2=
0.09). In addition, “self-perception” had a significant indirect
effect (ß = 0.13, t(∞) = 2.53, p < 0.05).

After extending the model with sociodemographic context
factors, work ability’s determination coefficient increased to
27.5%, explaining a large proportion of variance (Figure 3). The
strongest additional path coefficient to work ability comes from
age (ß = −0.25, t(∞) = 3.82, p < 0.01, f2= 0.04), followed by
educational level (ß = 0.18, t(∞) = 2.54, p < 0.05, f2= 0.01) and
sex (ß = 0.06, t(∞) = 0.83, p > 0.05, f2= −0.03). As a result, age
is the only sociodemographic context with a negative significant
and small effect on work ability, since the significant effect of
educational level has no relevant effect size and the small effect
size of sex is not significant.
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TABLE 2 | Indicators for internal consistency reliability, convergent and discriminant validity of the structural health literacy model.

Dimension Cronbach‘s α CR AVE Fornell-Larcker criterion

SP PAH DHI SC SR CC

Self-perception 0.69 0.86 0.76 0.87

Proactive approach to health 0.79 0.91 0.83 0.40 0.91

Dealing with health information 0.84 0.92 0.86 0.33 0.32 0.93

Self-control 0.77 0.89 0.81 0.44 0.32 0.26 0.90

Self-regulation 0.74 0.89 0.79 0.18 0.19 0.16 0.35 0.89

Communication and cooperation 0.81 0.91 0.84 0.33 0.36 0.24 0.27 0.42 0.92

CR, composite reliability; AVE, average variance extracted; bold, AVE’s square roots; SP, self-perception; PAH, proactive approach to health; DHI, dealing with health information; SC,

self-control; SR, self-regulation; CC, communication and cooperation.

TABLE 3 | Cross loadings of item-parcels in Lenartz’s health literacy questionnaire as indicator for discriminant validity.

Item-parcel SP PAH DHI SC SR CC l t (df = ∞)

SP A 0.84 0.29 0.28 0.31 0.10 0.27 0.84** 19.10

SP B 0.91 0.39 0.30 0.45 0.21 0.31 0.91** 42.92

PAH A 0.31 0.89 0.25 0.30 0.19 0.32 0.89** 28.72

PAH B 0.41 0.93 0.32 0.29 0.16 0.35 0.93** 56.72

DHI A 0.27 0.33 0.93 0.17 0.13 0.31 0.93** 53.80

DHI B 0.35 0.26 0.93 0.31 0.17 0.13 0.93** 52.39

SC A 0.33 0.24 0.26 0.87 0.33 0.24 0.87** 25.30

SC B 0.45 0.33 0.22 0.93 0.30 0.26 0.93** 62.51

SR A 0.17 0.14 0.12 0.29 0.90 0.34 0.90** 5.27

SR B 0.15 0.20 0.17 0.33 0.88 0.41 0.88** 5.57

CC A 0.30 0.34 0.15 0.27 0.38 0.92 0.92** 24.61

CC B 0.31 0.33 0.28 0.25 0.39 0.92 0.92** 29.40

Bold, highest correlation; l, outer loadings; t, t-value; SP, self-perception; PAH, proactive approach to health; DHI, dealing with health information; SC, self-control; SR, self-regulation;

CC, communication and cooperation. **p < 0.01.

FIGURE 2 | Structural model of health literacy including work ability with determination coefficients (R2) and path coefficients. *p < 0.05, **p < 0.01.
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FIGURE 3 | Structural model of health literacy including sociodemographic context factors and work ability with determination coefficients (R2) and path coefficients.

*p < 0.05, **p < 0.01.

DISCUSSION

Our results showed that Lenartz’s structural model of health

literacy was valid in the target group of employees with
health-related risk factors. Health literacy skills explained 17.5%
of the WAI score variance and with the incorporation of
sociodemographic context factors, 27.5% of the WAI score
variance was explained. Work ability was positively associated
with “self-regulation” and “self-perception” and negatively

associated with age.
Following the validation of the structural model of health

literacy in vocational school students (24), students (22), and
IT managers (23), it could also be replicated in the target

group of employees with health-related risk factors. Mean health
literacy scores vary between 2.4 and 3.0 which is comparable to
previous studies (19, 22–24), and the path coefficients within the
structural model were significant. However, the path coefficients
and proportions of explained variance differed in their values
from previous studies, which could indicate target group-specific
characteristics of health literacy (19, 23, 24).

Although health literacy is an essential concept in the field
of health promotion (8–10), the level of health literacy in the
German population is particularly low in terms of prevention
and health promotion (27). Additionally, health inequalities are
apparent in vulnerable groups, which are more likely to have
reduced health literacy (e. g., people with a lower level of
education, chronic illness, or long-term health problems) (27),
requiring targeted health literacy promotion interventions.

Regarding the influence of the advanced health literacy skills
on work ability, “self-regulation” and “self-perception” showed
significant associations. Yet, these skills are established concepts
in behavioral psychology. In the field of health promotion, self-
regulation is considered an important resource for behavioral
change (45) and has been associated with nutrition and exercise
behavior (46, 47). Similarly, self-perception of one’s health

status is also associated with health-promoting lifestyle behaviors
(48, 49). Nevertheless, the remaining advanced health literacy
skills should still be considered in future studies, as they were
associated with work ability in the target group of vocational
school students (24).

With respect to sociodemographic factors, sex and educational
level did not show relevant associations. Concerning the
relationship between sex and work ability, research status appears
unclear. As in the present study, mostly no effects are found
(50, 51). But there is debate about whether women’smultiple roles
as employees and familiar caretakers negatively affect their work
ability (52). With regard to the educational level, in turn, several
studies suggest an effect of educational level on work ability (51–
54). Possible reasons for this are that people with a higher level
of education more successfully acquire new skills and may have
access to greater social and health-related resources leading to a
healthier lifestyle (53, 55). In addition, a lower level of education
often is associated with demanding physical occupations in which
work ability is more likely to be limited (26, 54).

Concerning the effect of age on work ability, however, we
found a negative association in the present study. Overall,
evidence is heterogenous, but most studies also report a negative
association between age and work ability (53, 56, 57). In a
German survey, the effect was only observed among women (54).
It seems reasonable that work ability declines with age because
employees are less able to meet their physical and cognitive
work requirements (53). Considering the difference between
functional and biological age, a healthy and active lifestyle could
have a positive impact on work ability (58) and the negative
effect of age can be reduced when health status is taken into
account (59).

Nevertheless, it can be assumed, that the study participants‘
health literacy and work ability are also influenced by
additional factors apart from the applied model. In a relational
understanding of health literacy, it is not only influenced
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by individual (motivation, competencies, skills) but also by
environmental factors (demands, complexity) (60, 61), which is
also comparably illustrated by the work ability house model (62).
According to this, physical, mental, and social health is the most
influential factor apart from working conditions, and therefore
considered the basis for work ability (62, 63). Moreover, several
studies have shown the relationship between health outcomes
and work ability (25, 26, 64) as well as between chronic health
problems and early retirement or unemployment (65, 66).

Since the workplace is an important environmental factor
for employees’ health status, WHP is considered a promising
approach for promoting health and work ability (64, 67–70).
This has resulted, for example, in WHP being emphasized as a
relevant setting for health promotion by the German Prevention
Act (6). Overall, about half of the German employees report that
WHP is offered in their workplace (71). Considering the WHP
offers financed by the German statutory health insurance, 9% of
WHP programs addressed older employees and 21% of theWHP
offers were targeting people with health-related risk factors in
2020 (72). As our results indicate, these offers address vulnerable
groups in terms of health (literacy) and work ability and therefore
should be maintained or even expanded and consider individual
and environmental conditions as well.

The improvement of health literacy is an overarching core
intention of setting-related prevention and health promotion
according to the German “Guideline Prevention” (“Leitfaden
Prävention”) (73). Thereby, WHP was underlined as an
interesting setting for the promotion of health literacy (64,
74). However, theory-based target-group specific approaches in
health promotion are rare (75, 76) and currently there is also
no consensus about the design of effective interventions in order
to promote health literacy (77, 78). In this regard, the structural
model of health literacy could serve as an underlying theoretical
framework for intervention development and evaluation on the
individual level (20). Against the background of a comparatively
low participation in WHP offers among people with lower socio-
economic status, they could be focused in target-group specific
approaches (71).

LIMITATIONS

Firstly, the cross-sectional design does not allow causal
conclusions, but the predictive structure of the model
seems reasonable. Nevertheless, for intervention evaluation,
longitudinal validation is needed. Longitudinal data could
indicate whether possible improvements in health literacy
skills lead to improved work ability. Additionally, differences
in educational level should be considered with regard to their
influence on health literacy promotion (27). Secondly, our
results cannot be transferred to healthy adults. The identified
associations may be target group specific because the inclusion
criterion of first health impairments is associated with reduced
health literacy (27) and work ability (25, 26, 35). Thirdly, the
chosen health literacy questionnaire does not provide cut-off
values to appraise participants’ health literacy and international
comparison is not possible. Until today, there is no gold standard
in measuring health literacy due to manifold constructs and

definitions (17, 79, 80). Nevertheless, the theoretical foundation
of Lenartz’s questionnaire is a certain strength (19, 20), so
international validation would be beneficial. Finally, regarding
PLS-SEM, some possible influential factors on work ability
were not analyzed. For example, physical characteristics, health
status, leisure-time physical activity, physical and psychosocial
work demands, work environment, and social factors do also
have an impact on work ability (53, 56, 59, 63). Further studies
could include these variables to explain a higher proportion
of work ability’s variance. Moreover, since currently there is
no appropriate model fit criterion in PLS-SEM (81), none was
assessed and possible reciprocal or circular mechanisms could
not be analyzed with the chosen method (40).

CONCLUSION

Lenartz’s structural model of health literacy appears to be a valid
basis for the development of theory-based health promote on
offers for employees with health-related risk factors. Respective
interventions should particularly address self-regulation and
self-perception in order to promote both, health literacy and
work ability. However, additional individual (e.g., health status)
and environmental (e.g., work demands) conditions influencing
work ability should be considered. Taken together at a general
perspective, this study provides an approach for target-group
specific analyses and their associations on a health-related
construct of interest. The results of such an analysis can
be used for the development and evaluation of theory-based
interventions in health promotion.
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