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Abstract
Background  For many entrants, the initial stages of professional training are a challenge. Demands at work can lead 
to new physical and psychological stress, as well as new social requirements. These new requirements can influence 
the health behaviour and the state of health of young employees. In recent years, there have been many studies 
on health literacy (HL). HL represents resources and potentials that allow individuals to achieve improved control of 
their health and of factors that influence health. Thus, HL can influence both well-being and health. In the present 
study, the health of trainees in different branches (health and welfare services, office, sales, technology) is monitored 
over time ending in the period of the COVID-19 pandemic. Furthermore, the association between health literacy and 
health or health behaviour has been examined.

Methods  In 2017/18, a baseline survey (T0) was performed on trainees in various sectors (office, sales, teaching, 
nursing and social welfare, engineering, hairdressers), who had been contacted through vocational colleges in 
four federal states in north Germany. The trainees were surveyed again in the in the first year after training in 2021 
(T3). Demographic data were collected, as well as information on health literacy (HLS-EU-16), health behaviour 
(physical exercise, nutrition, smoking and alcohol) and state of health (BMI, psychological well-being and subjective 
state of health). Recognition, satisfaction at work and thoughts of leaving the profession were surveyed with the 
Copenhagen Psychosocial Questionnaire (COPSOQ). Statistical analysis was performed with tests for paired samples 
and multivariate regression analysis in SPSS 26.

Results  129 data sets were evaluated, with a follow-up rate of 10.2%. 85% of the trainees were female. The mean 
age at follow-up was 25.6 years. 56% were employed in the health service or social welfare. 35% worked in the office, 
sales or engineering. At T3, 47% of the employees exhibited limited health literacy, 67% low levels of exercise and 30% 
risky alcohol use. 42% exhibited overweight and 42% poor psychological well-being. An association between health 
literacy (HL) and psychological well-being was only observed in cross-section (HL inadequate vs. HL adequate OR: 
3.2 95% CI: 1.07–9.49, p = 0.037). The odds ratio relative to subjective state of health was also increased, although the 
association was not statistically significant (HL inadequate vs. HL adequate OR: 2.7 95% CI: 0.72–9.78, p = 0.143). In the 
sector for health service and social welfare, there was statistically significant deterioration over time in all COPSOQ 
variables (recognition, satisfaction at work, thoughts of leaving the profession).
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Introduction
In Germany, there are about 1.3  million trainees who 
are undergoing training in companies that offer training 
in vocational colleges. About a quarter of contracts for 
professional training are prematurely cancelled each year 
[1]. Many people starting professional training find this 
challenging. These stressors are experienced by young 
people at risk, who are still in the process of develop-
ing into adults and who generally do not consider that 
unhealthy behaviour can have adverse effects on their 
health. Moreover, they have little awareness of health 
protection or protection at work [2]. These new demands 
may influence the health behaviour and state of health of 
young employees. Studies have demonstrated the unfa-
vourable effects of these demands on e.g. eating habits 
and the extent of physical activity [3]. In addition, health 
problems, such as pain in the back or headache have been 
associated with activities at work [4]. In view of this vul-
nerable phase of life and the lack of trained employees in 
some sectors, it is important to monitor the health and 
health behaviour of young people at their workplace, in 
order to identify measures to support health and preven-
tion for each workplace. These measures can have syner-
gistic effects on the individual health of young workers 
on the one hand and on the prevention of a shortage of 
skilled workers on the other.

Theoretical background of health literacy
The term health literacy (HL) is introduced in the 1970 
[5]. It is fundamental to distinguish HL from literacy in 
general. While literacy refers to the ability to read and 
write, HL is not only the ability to use and understand 
words and numbers in a medical context. The term HL 
also encompasses the use of different abilities, such as 
reading and acting upon written health information, 
communicating needs to health professionals, and under-
standing health instructions [6].

In recent years, there have been many research stud-
ies on health literacy (HL). On the basis of a systematic 
review Sørensen et al. developed a definition of HL: 
“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 judgments and take decisions in everyday 
life concerning healthcare, disease prevention and health 
promotion to maintain or improve quality of life during 

the life course” [7]. So HL represents the resources and 
potentials that allow individuals to achieve more control 
over their health, as well as over factors that influence 
their health [8].

Research results on health literacy
International studies have demonstrated HL deficits 
in many countries [9]. In Germany, more than half the 
population (59%) exhibit deficits in HL [10].Associa-
tions between HL and health indicators have been dem-
onstrated in both the general population and in specific 
subgroups. These include socio-economically disadvan-
taged adults, patients, nurses and their children as well 
as adolescents [11–16]. As health behaviour is apparently 
a mediator between HL and health, there is also pub-
lished evidence for an association between HL and health 
behaviour [17–20]. In their systematic review including 
studies investigating adolescent HL and health behav-
iour Fleary et al. found a broad range of different health 
behaviour components in the original studies e.g. alco-
hol use, tobacco use, medical adherence, health-related 
information seeking, risky sexual behaviour, physical 
exercise, nutrition etc. [17]. In summary the relationship 
between HL and health behaviour is clearer in studies of 
adults than of adolescents [17].

Within the setting of the workplace, a person with a 
good HL can consider how their health is related to their 
profession and can take appropriate action to help to 
reduce accidents at work and occupational diseases [21, 
22]. This has led to the development of current concepts, 
such as the National Action Plan for Health Literacy, 
which are intended to stimulate HL in the workplace and 
in the educational system [22, 23].

The present study investigates the changes during time 
of HL, health behaviour and health within a cohort of 
trainees (i). The study will also analyse if workers with 
an inadequate HL have a greater risk for an unfavourable 
health behaviour (ii) and if workers with an inadequate 
HL have a greater risk for an unfavourable health status 
(iii).

Methods
The present study presents longitudinal data for a study 
cohort of trainees, as observed during and after their 
training period [24]. These are trainees from eleven dif-
ferent qualified professions, summarised in two groups: 

Conclusions  For a group of trainees in the first year of work during the covid-19 epidemic, the present findings show 
that there is a need to prevent risky health behaviour, overweight and poor psychological well-being. Health literacy 
was shown to be a modifiable parameter, that apparently is associated in cross – but not in longitudinal section with 
the health of young employees. It would appear to be reasonable to modify developing health literacy in the setting 
of work and school.
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firstly, office, technology and sales (office administrator, 
retail and wholesale sales, industrial business manage-
ment, retail salesperson, plant manager for plumbing, 
heating and air conditioning, electrician for plant tech-
nology and building technology) and secondly, health 
service and social welfare (geriatric nurse, nurse or hos-
pital nurse, medical assistant, childcare worker, hair-
dresser). All occupational groups of the latter group 
traditionally belong to the group of insured persons of 
the German statutory accident insurance.

Data collection
The baseline survey for the study (T0) was performed at 
the end of 2017 or the beginning of 2018. The follow-up 
T1 was performed in the middle of training, in March 
2019. Follow-up T2 was performed at the end of train-
ing in July 2020. Follow-up T3 was performed during the 
first year of employment in October 2021. The overall 
follow-up was about 4 years. At the start of the study, we 
carried out an Internet search for all vocational colleges 
offering the relevant training courses in the northern 
federal states of Germany (Schleswig-Holstein, Bremen, 
Lower Saxony and Mecklenburg-Western Pomerania), 
which we then contacted. We had no approval from the 
school authorities for the federal state of Hamburg. We 
were awarded a favourable ethics vote for the study by 
Hamburg Medical Association (PV5670). Out of 321 
identified vocational collages 47 participated in the study 
(response 14.6%). Further details can be found in the cor-
responding publication of the baseline survey [24].

Of the 321 identified vocational colleges, 46 agreed to 
participate in the study (response rate 14.6%). In October 
2017, a total of 5052 trainees were invited to participate 
in the study and 1797 of these returned the question-
naire to the study centre (response rate 35.5%) In the first 
year of employment after completion of training (T3), a 
printed form was sent to the private addresses of 1569 
trainees who had consented to a follow-up survey. A total 
of 160 questionnaires were returned to the study centre 
(follow-up rate 10.2%) from which 31 cases documented 
a discontinuation of training due to different reasons. 
Finally, 129 cases were included in the analysis sample.

Operationalization of variables
The baseline survey incorporated sociodemographic data 
on age, gender, country of birth, nationality and highest 
academic qualification. HL was surveyed with the vali-
dated short questionnaire HLS-EU-Q16 [25].

The four-step answer categories were dichotomised 
and a cumulative score of 0 to 16 points (P) was calcu-
lated. On this basis, we applied classification into three 
HL levels: adequate (13–16 P), problematical (9–12 P) 
and inadequate (0–8 P) [25]. If values were missing for 
more than two items, the cumulative score was rated as 

“missing”. Reliability analysis of the original items of the 
HL scale provided a Cronbach’s alpha of 0.88.

Health behaviour
The frequency of physical exercise was surveyed on the 
basis of five categories (none/<1  h per week/1 > 2  h per 
week/2 > 4 h per week/>= 4 h per week) [26]. In addition, 
smoking habits [27], as well as alcohol use with the Audit 
C questionnaire [28], and nutritional behaviour were 
assessed [29]. A nutritional score was calculated on the 
basis of 15 food items. On the basis of a 6-step frequency 
of consumption (daily to never), from 0 to 2 points 
(abnormal, normal, optimal frequency of consumption) 
were awarded for each of the surveyed groups of food. A 
score (range 0 to 30) was calculated from the sum of the 
points. This was used to form categories of nutritional 
patterns, ranging from optimal nutritional pattern (16–
30 points), normal nutritional pattern (13–15 points) to 
unfavourable nutritional pattern (0–12 points).

State of health
A total of four indicators of the state of health were sur-
veyed. Aside from the BMI, the subjective state of health 
was assessed with a one item 5-step evaluation (excellent/
very good/good/less good/poor) [3] and dichotomised as 
follows: good: excellent/very good/good and poor: less 
good/poor. Various diseases with a medical diagnosis 
within the previous twelve months were surveyed from 
the items in the work ability index [30]. Psychological 
well-being was assessed from the WHO-5 Index and 
reached a good internal consistency with a Cronbach’s 
alpha of 0,87 [31]. The dichotomisation of the WHO-5 
index was based on the published cut-off scale value 
(poor psychological well-being: < 13).

Workplace-related psychosocial factors
On the basis of the COPSOQ questionnaire, recognition 
(1 Item), satisfaction at work (6 Items, Cronbach’s alpha : 
0.85) and thoughts of leaving the profession (1 Item) were 
assessed [32].

Statistical analysis
For categorical data, Fisher’s exact test was used for com-
paring groups. For normally distributed metric data, 
groups were compared with the t test. The Mann Whit-
ney U test (2 samples) and Kruskal-Wallis test (k sam-
ples) were used for metric data that was not normally 
distributed. In order to examine changes over time in HL, 
health indicators and health behaviour tests for depen-
dent samples were calculated. Nominal data were then 
examined with the McNemar test, data without normal 
distribution with the Wilcoxon test and normally distrib-
uted data with the t test.
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Hypothesis testing in longitudinal design was per-
formed by multivariate logistic regression. As age and sex 
represent health disparities in populations, these char-
acteristics were inserted as adjustment variables into the 
multivariate models [33, 34].The extent to which health 
literacy at T0 has an influence on the indicators of health 
and health behaviour at T3 was examined. Effect esti-
mates were reported with 95% confidence intervals. The 
level of significance was p < 0.05. Statistical analysis was 
carried out with SPSS 26 (IBM Corp., Armonk, NY, USA).

Results
Description of the cohort
At the time point of the fourth survey, 160 questionnaires 
were received in the study centre at T3 (follow-up rate: 
10.2%). 31 persons reported that they no longer worked 
in the profession which they had studied; thus 129 per-
sons were included in the analysis. 65% had been trained 
to work in the health service or in social welfare, 35% 
had been trained in office, sales or technological profes-
sions (Table  1). The mean age was 25.6 years, with an 
interquartile range of 3 years. 85% of participants were 
female and 97% were German citizens. At the time of the 
baseline survey, the subjects most often had a secondary 
school leaving exam [Realschule] (47%). 34% had taken 
Abitur [A-Levels]; 16% had taken a leaving exam from a 
technical college and 3% a leaving exam for basic second-
ary school [Hauptschule].

Changes over time in health literacy (HL), indicators of health 
behaviour and health COPSOQ variables
The changes over time in HL, health behaviour and indi-
cators of state of health are presented in Table  2. For 
health literacy, there was a slight increase in the mean 
value over time (T0: 12.0 vs. T3: 12.3, p = 0.223). Refer-
ring to the categorical variable of HL the proportion of 

limited HL (problematic or inadequate HL) decreases 
from 53 to 47%. Employees in health and welfare services 
started at T0 with a greater mean value than employees 
in other sectors (T0: 12.2 vs. 11.5) and also had a higher 
mean value at T3 (T3: 12.8 vs. 12.2) (Fig. 1). The increases 
in HL in the two groups of sectors are not significant. The 
individual changes over time in HL are also heteroge-
neous. Both increases (49%) and decreases (38%) of the 
HL score in the two sector groups were recorded; in 13%, 
the value was unchanged (Fig. 2).

For the variables in health behaviour (Table 2), the only 
statistically significant difference was for risky alcohol 
use: the proportion of subjects with risks alcohol use fell 
from 41 to 30% (p = 0.011). This reduction was statisti-
cally significant in both groups of sectors. The propor-
tions for the other health behaviour indicators at time 
point T3 were 51% for unfavourable nutrition, 67% for 
low physical exercise and 26% for smoking.

For health indicators, there was a statistically sig-
nificant increase in mean BMI (T0: 24.3 vs. T3: 25.3, 
p < 0.001). This statistically significant increase was also 
observed in both groups of sectors. For the total sample 
the proportion of overweight/adipositas increased from 
36 to 42%. Over this period, the mean subjective state of 
health decreased slightly (T0: 3.4 vs. T3: 3.2, p = 0.123), 
the proportion of a less good/poor subjective state of 
health increased from 13 to 17%. In addition, psychologi-
cal well-being decreased over time (T0: 13.9 vs. T3: 13.2, 
p = 0.105), the proportion of low psychological well-being 
increased from 35 to 42%. Neither change over time was 
statistically significant. At both time points, the preva-
lence values for medically diagnosed diseases lay between 
9% and 23%. For cardiovascular diseases, the prevalence 
at T0 and T3 was 5%. There were no statistically sig-
nificance differences observed over time in any type of 
disease.

Table 1  Description of the cohort (N = 129)
Health and Welfare Services Office, Sales, Technology Total Group p
n = 84 (65%) n = 45 (35%) n = 129 (100%)

Age in years (first year of employment) 0.023
mean (standard deviation): 26.3 (6.1) 24.5 (2.8) 25.6 (5.2)
minimum, Maximum: 20, 54 20, 35 20, 54
interquartile range: 4 2 3
Sex < 0.001
female 81 (96%) 29 (64%) 110 (85%)
Nationality 0.674
German 81 (96%) 44 (98%) 125 (97%)
other 3 (4%) 1 (2%) 4 (3%)
School leaving exam 0.020
basic secondary school 3 (4%) 1 (2%) 4 (3%)
secondary school 46 (54%) 15 (33%) 61 (47%)
technical college 15 (18%) 5 (11%) 20 (16%)
abitur [A-levels] 20 (24%) 24 (54%) 44 (34%)



Page 5 of 11Koch et al. Journal of Occupational Medicine and Toxicology           (2023) 18:18 

Fig. 1  Changes over time in health literacy in the sectors (mean and 95% 
confidence interval)

 

Fig. 2  Scatter diagram of health literacy at T0 and T3

 

Table 2  Changes over time in health literacy, indicators for health behaviour and health (N = 129)
Variable T0

x̅ a (SD b), %
T3
x̅ a (SD b), %

p

Health literacy scale (0–16) 12.0 (2.9) 12.3 (3.2) 0.223
adequate
problematical
inadequate

47%
42%
11%

53%
30%
17%

Nutrition scale (0–30) 13.1 (3.2) 12.8 (3.7) 0.403
favourable
normal
unfavourable

22%
36%
42%

24%
25%
51%

Fast food more than once per week 9% 13% 0.359
Smoking yes 28% 26% 0.804
Physical exercise < 2 h/week less than 2 h/week 59% 67% 0.124
Risky alcohol use yes 41% 30% 0.011
BMI continuous 24.3 (5.1) 25.3 (5.6) < 0.001

underweight
normal weight
overweight
adipositas

4%
60%
21%
15%

2%
56%
23%
19%

Subjective state of health scale (1–5) 3.4 (0.82) 3.2 (0.84) 0.123
excellent/very good
good
less good/poor

40%
47%
13%

37%
46%
17%

Medically diagnosed diseases (previous 12 months) musculoskeletal system 22% 23% 1
skin 17% 15% 0.815
respiratory tract 17% 13% 0.523
psyche 18% 18% 1
Neurological 14% 16% 0.832
digestive system 12% 9% 0.648
hormonal 11% 14% 0.424
cardiovascular 5% 5% 1

Psychological well-being scale (0–25) 13.9 (4.5) 13.2 (5.1) 0.105
poor psychological well-being (< 13 points) 35% 42%

amean, bstandard deviation
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In all three cases, there was a deterioration in COP-
SOQ variables. In the whole group, there was a reduc-
tion in mean recognition from 60.1 to 54.4. For the sector 
health and welfare services, this reduction was statisti-
cally significant (T0: 60.0 vs. T3: 50.3, p = 0.014) (Fig. 3) 
In Figs. 4 and 5, it is clear that the statistically significant 
reduction in the mean for the whole group is solely due 
to the subgroup health and welfare services (satisfaction 
at work T0: 72.9 vs. T3: 65.1, p < 0.001, thoughts of leav-
ing the profession T0: 15.4 vs. T3: 22.6, p = 0.048).

Table  3 portrays the time course of the work-related 
parameters within the period of training and compares 
these with changes between the start of training to the 
first year of employment (T0- T3), Table  3 shows the 
changes over time from T0 to T2 within the two groups 
of sectors (n = 189). This shows that there is no signifi-
cant reduction within the two groups for the mean value 
of recognition and thoughts of leaving the profession, 
but a significant reduction in satisfaction at work (office/
sales/technology p = 0.010, health and welfare services 
p = 0.025).

As regards the comparison between the two groups 
of sectors at the time point T3, it could be observed 
that employees in health and welfare services exhibited 
greater HL (x̅: 12.8 vs. 11.6, p = 0.044), lower recognition 
(x̅: 50.3 vs. 61.7, p = 0.022), poorer subjective state of 
health (x̅: 3.1 vs. 3.5, p = 0.015), as well as more frequent 
diseases of the respiratory tract or hormonal diseases 
(18% vs. 5%, p = 0.035 and 19% vs. 5%, p = 0.024, respec-
tively) (data not shown in the table).

Association between health literacy and indicators of health 
behaviour and health
No associations were found between HL T0 and indi-
cators of health behaviour T3; this applied both lon-
gitudinally and in cross-section (T3). Two additional 
longitudinal analyses on this association with a reduced 
sample size (HL T1/T2 and health behaviour T3) also 
showed no associations (data not shown).

No longitudinal associations were found between HL 
T0 and indicators of health T3 (subjective state of health 
and psychological well-being). Two additional longitudi-
nal analyses on this association with a reduced sample 
size (HL T1/T2 and indicators of health T3) also showed 
no associations (data not shown). Cross-sectional bivari-
ate analysis showed no statistically significant differences 
in the median of state of health (T3) across the HL (T3) 
categories (HL adequate: 3, HL problematic: 3, HL inad-
equate: 3, p = 0,169). In contrast, there was a cross-sec-
tional association between HL (T3) and subjective state 
of health (T3) (Table 4). In comparison to persons with 
adequate HL, persons with inadequate HL exhibited an 
increased odds ratio of 2.7 (95% CI: 0.72–9.78, p = 0.143), 
although this was not statistically significant. For each 
reported disease in the last 12 months, the risk increased 
by 60% for an less good subjective health status (OR: 1.6, 
95% CI: 1.15–2.21, p = 0.005).

For HL (T3) and psychological well-being (T3), statis-
tically significant differences in the median were found 
(HL adequate: 15, HL problematic: 13, HL inadequate: 
11, p = 0,036). In the multivariate model a statistically 
significant cross-sectional association was also found 
(Table 5). Thus, in comparison to persons with adequate 

Fig. 4  Changes over time in satisfaction at work in different sectors (mean 
and 95% confidence interval)

 

Fig. 3  Changes over time in recognition in different sectors (mean and 
95% confidence interval)
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HL, persons with inadequate health literacy exhibited 
an odds ratio that was increased by 220% (3.2 95% CI: 
1.07–9.49, p = 0.037). Persons with a problematical HL 
also exhibit an increased odds ratio, although this was 
not statistically significant (OR: 1.8 95% CI: 0.76–4.42, 
p = 0.182). For women, there was an increased odds ratio 
for poor psychological well-being relative to men which 
was statistically not significant (OR: 2.8 95% CI: 0.80–
9.67, p = 0.187).

Discussion
The present investigation observes a cohort of trainees, 
from the start of training till the first year of employment. 
The proportion of limited HL (problematic or inadequate 
HL) was 47%. As regards the health behaviour, there were 
high prevalence values for unfavourable nutrition (51%), 
smoking (26%), low physical exercise (67%) and risky 
alcohol use (30%). As regards health indicators, 42% of 
persons were overweight, 17% reported poor subjective 
state of health and 42% of persons exhibited low psy-
chological well-being. No longitudinal associations were 
found between HL and health behaviour. A statistical 

significant cross-sectional odds ratio of 3.2 was observed 
for the association with psychological well-being.

Changes over time
For HL, there was a slight increase in the mean value 
over time. This was particularly marked in the health and 
welfare services sector group, but was not statistically 
significant. The level of HL at T0 was higher for employ-
ees in health and welfare services than for persons from 
the sector office/sales/technology – presumably due to 

Table 3  Time course of COPSOQ variables from start of training at T0 to completion of training at T2 (n = 189)
Variable Group of sectors T0

x̅ a (SD b), %
T2
x ̅ a (SD b), %

p

Recognition office/sales/technology 55.8 (27.4) 49.0 (27.8) 0.065
health and welfare services 56.2 (23.8) 59.4 (24.7) 0.346

Satisfaction at work office/sales/technology 73.1 (14.0) 68.3 (16.7) 0.010
health and welfare services 71.7 (11.8) 68.3 (16.7) 0.025

Thoughts of leaving the profession office/sales/technology 12.6 (22.6) 11.1 (15.9) 0.469
health and welfare services 13.9 (20.4) 16.0 (22.9) 0.363

amean, bstandard deviation

Table 4  Multivariate logistical regression: health literacy (T3) on 
less good subjective state of health (T3)
Variable OR (95% 

CI)
univariate

p OR* (95% CI)
multivariate

p

health literacy adequate 
(13–16 points)

1 - 1 -

health literacy problem-
atical (9–12 points)

2.0 
(0.68–5.85)

0.206 2.2 (0.70–7.17) 0.174

health literacy inadequate 
(0–8 points)

3.0 
(0.90–9.96)

0.073 2.7 (0.72–9.78) 0.143

Sum of diseases last 12 
month (per one disease)

1.7 
(1.24–2.26)

0.001 1.6 (1.15–2.21) 0.005

sex: female vs. male 4.3 (0.55–
34.41)

0.164 3.4 (0.41–28.71) 0.259

Less good subjective state of health: 17%, missing data 2%, Nagelkerkes r2: 0.22, 
*adjusted for age

Table 5  Multivariate logistic regression: health literacy (T3) on 
psychological well-being (T3)
Variable OR (95% 

CI)
univariate

p OR* (95% CI)
multivariate

p

health literacy adequate 
(13–16 points)

1 - 1 -

health literacy problem-
atical (9–12 points)

1.7 
(0.75–3.75)

0.208 1.8 (0.76–4.42) 0.182

health literacy inadequate 
(0–8 points)

3.2 
(1.15–8.76)

0.025 3.2 (1.07–9.49) 0.037

Sum of diseases last 12 
month (per one disease)

1.6 
(1.23–2.12)

0.001 1.6 (1.17–2.09) 0.003

sex: female vs. male 3.2 (0.99–
10.19)

0.052 2.8 (0.80–9.67) 0.187

Poor psychological well-being: 42%, missing data 2%, Nagelkerkes r2: 0.23, 
*adjusted for age

Fig. 5  Changes over time in thoughts of leaving the profession in differ-
ent sectors (mean and 95% confidence intervals)
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selection. The reason is evidently that the various courses 
for training in the health and welfare services gradually 
lead to greater increases than in the comparative group; 
these increases are statistically significant at time point 
T3. There were nevertheless heterogeneous changes in 
HL over time. Thus, a decrease in the HL of at least one 
point was observed in 38% of participants. This may indi-
cate a bias due to a faulty subjective assessment at T0.

The observed prevalence of limited (problematic or 
inadequate) HL was 47%, which is less than the values 
of 53% and 49%, respectively, found in the baseline and 
follow-up T1 publication and is lower than data from the 
German speaking area [24, 35]. In the recently performed 
survey in the adult German population, this value was 
59% [10]; in 2015, Jordan & Hoebel observed a preva-
lence of 44% [36]. For younger subjects, the proportion 
of limited HL has been reported to be 58% (15-year old 
Austrians) or 69% (students in a German vocational col-
lege for health) [25, 37].

A statistically significant reduction in risky alcohol use 
was observed in both groups of sectors and represents a 
continuation of the trend observed in the T1 publication 
of the cohort [35]. Nevertheless, the prevalence value of 
30% was clearly above the comparative German data for 
the age group of 18 to 29 years, where the gender-specific 
values were 14% for men and 18% for women [38]. The 
increase in BMI over the time in this age group is con-
sistent with the data from German health reports, even 
though the value of 25.3 found in this study was above 
the reference values in the official statistics (20–24 years: 
23.5, 25–30 years: 24.5) (39). A possible explanation for 
this increase could be the restrictions on activities in the 
two lockdown phases in Germany during the observation 
period of the study (1st lockdown: March 2020 to May 
2020, 2nd lockdown: December 2020 to May 2021) How-
ever, due to the lack of a comparison cohort, this expla-
nation is purely hypothetical. The prevalence of poor 
subjective state of health was 17%, which is clearly greater 
than the comparable values in the GEDA 2014/2015 
EHIS survey, where the gender-specific prevalence were 
between 2.5% (women) and 1% (men) in the age group 
of 18–29 years [40]. In addition, a large section of the 
subjects (42%) reported poor psychological well-being at 
T3. It is certainly possible that the generally high values 
for unfavourable health behaviour (unfavourable nutri-
tion: 51%, smoking: 26%, low physical exercise: 67%, risky 
alcohol use: 30%) and poor psychological and physical 
health are at least to some extent consequences of the 
stress from the covid-19 pandemic in Germany, with 
the restrictions to social contact in 2021, and should be 
regarded as a period effects of the pandemic.

There were striking changes from T0 to T3 in the 
workplace-related variables of recognition, satisfaction 
at work and commitment. These changes depended on 
the sector, namely that in the health and welfare services 

sector there were statistically significant deteriorations 
over time in all three parameters. On the one hand, the 
mean for recognition tended to increase during the train-
ing period (T0-T2) for health and welfare services, with a 
slight decrease in commitment (neither statistically sig-
nificant). On the other hand, for the period T0-T3, the 
values for recognition, commitment and satisfaction at 
work deteriorated in this group of sectors. This indicates 
that for the group health and welfare services, the transi-
tion from the training period into actual employment is 
more difficult with respect to the workplace parameters 
examined here. It may also indicate that the period effect 
from the covid-19 pandemic is more marked for employ-
ees in social sectors than in other sectors. Daily care of 
patients and clients in the context of a pandemic is more 
stressful, due to the inevitable contact restrictions, dis-
tancing and the relatively high risk of infection. This may 
all cause entrants to have doubts about their choice of 
profession. It is difficult to assess the specific mean values 
we found for the COPSOQ scales, as the groups include 
different subsectors.

HL and indicators of health behaviour and health
No associations were observed between HL at T0/T1/T2 
and the various indicators of health behaviour at T3. An 
alternative approach was to consider that HL might act 
immediately on health behaviour, so that HL at T3 should 
be compared with health behaviour at T3 – but here too 
no associations were found. This negative result is consis-
tent with the lack of association between HL and health 
behaviour in the T1 publication [35]. On the other hand, 
this lack of association between HL and health behav-
iour is, to some extent, incompatible with the results of 
previous studies. In a systematic review, Fleary et al., 
reported that 13 of 17 studies on adolescents found sta-
tistically significant associations between HL and health 
behaviour [17]. A German study on adolescents with 
limited HL employed the long version of our question-
naire (HLS-EU-Q47) and found no associations with 
tobacco and alcohol use, but associations with nutrition 
and exercise. Moreover, a study with 15-year old Aus-
trian adolescents failed to find an association between 
two out of three indicators of health behaviour (alcohol 
use and smoking; the association with exercise was weak 
(r = 0.14)) [25]. On the other hand, a systematic review of 
interventions in adults found a clear association between 
HL and the outcome health behaviour [41]. Thus, pub-
lished reports on this association are inconsistent. In the 
present study; the lack of association between HL and 
health behaviour may be because our subjects wrongly 
assessed their HL, due to their relative youth. This would 
indeed be consistent with the decreases in HL over time 
in our study. Another possible explanation would be that 
the subjects accept the risk of unhealthy behaviour, even 
though they know better. In focus groups, Joseph et al. 
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considered that HL provided an instrument for making 
well informed decisions. Nevertheless, the participants 
admitted that they sometimes failed to exploit these 
insights by adopting risky behaviour [42]. Another possi-
ble explanation is as follows. In a mediation analysis, one 
study with the Chinese version of the 47 item HLS-EU-
Q47 concluded that only the subscale Use Information 
had an indirect effect on health through health behaviour 
[43]. It seems plausible that the content of this subscale 
may be more directly related to health behaviour than are 
the subscales Find Information, Understand Information 
or Assess Information. We were unable to replicate this 
analysis in our study, as we used an item-reduced version 
of the HLS-EU-Q16.

For psychological well-being, an increased cross-sec-
tional odds ratio of 3.2 was found for inadequate HL and 
of 1.8 for problematical HL (not statistically significant). 
This confirms the trend in the results in the T1 publica-
tion [35]. This result was also confirmed by Björnsen et 
al. in a study on adolescents [44]. In a cross-sectional 
study with Norwegian (male and female) adolescents 
aged 15 to 21 years, it was found that high mental HL 
was associated with high psychological well-being. This 
was confirmed in additional cross-sectional studies with 
adults. Zhang et al. observed this association in a popula-
tion-related study in Hong Kong, analogous results were 
reported by Fiedler et al. in German industry managers 
and by Amoah et al. in a population-related sample in 
Ghana [16, 45, 46].

There were cross-sectional associations between HL 
and subjective state of health, although the estimates 
were not statistically significant. Employees with inad-
equate HL have a 2.7-fold greater probability of lower 
subjective state of health than those with adequate HL; 
there is a 2.2-fold difference for persons with problem-
atical HL. This result confirms the statistically signifi-
cant results in the T1 publication [35]. Little has been 
published on the effect of HL on subjective health in this 
target group. Two studies with vocational students show 
that young adults with high HL also have better subjec-
tive health than students with low HL [47, 48]. In a sys-
tematic review, Sansom-Daly et al., concluded that there 
had been very few studies in adolescents on the associa-
tion between HL and various health indicators and that 
the results of these studies were inconsistent [19]. On 
the other hand, a large population-related study in China 
demonstrated unambiguous associations between HL 
and subjective state of health [49].

The associations were only found in cross-section and 
this indicates that there is a direct temporal relationship 
between HL and health in the data. The lack of longitu-
dinal associations may be due to the heterogeneous time 
courses and indeed the frequent occurrence of reductions 
in HL may be regarded as an indication of subjective mis-
assessment at the time point T0. Adolescents may have 

had little experience of illness or of the health system due 
to their age and may exaggerate their own knowledge. 
Some simply do not have the expertise to assess their 
own health expertise. Nevertheless, longitudinal effects 
were observed in the T1 publication, which contradict 
the above argument. However, the fact that these associa-
tions were also observed in the T1 cross-section indicates 
that HL correlates better with itself over short intervals 
than over long intervals (T0-T3) (Unpublished results). 
In summary, the null hypotheses must be accepted here 
due to the observed results in the longitudinal analyses. 
We cannot say to what extent this result can be explained 
by an excessively small sample. But there is an indica-
tion in the data that the instrument for assessing HL is 
not optimal for the underlying age group. In future stud-
ies, it is important to consider to what extent the assess-
ment of objective HL is more meaningful in research on 
adolescents than the use of an instrument that measures 
subjective HL, such as the HLS EU 16. In his work, In his 
work, Okan shows the possibility of using both subjective 
and objectively recorded HL in children and adolescents 
[50].

For a group of entrants in the first year of employment 
during the covid-19 pandemic, the present study shows 
that preventive measures are needed for high risk behav-
iours, overweight and poor psychological well-being. The 
results also show that HL is a modifiable parameter and 
that it is associated with health in young employees. In 
particular, trainees who are not in the health services 
or social welfare should receive more instruction on 
health during their training. It would perhaps be best for 
these sectors if the vocational colleges could assume the 
responsibility for this task, as training centres that are 
remote from patients and clients tend not to emphasise 
themes related to health support and prevention – apart 
from health and safety protection. Thus, for example, the 
training curricula could contain information relevant to 
health and emphasise personal prevention – all in addi-
tion to health and safety protection. The objective over 
time is then to enhance the trainees‘ HL.

Limitations
The relative low response rate and the relatively high pro-
portion of drop-outs increase the size of a possible selec-
tion bias in the present study. Although the design of the 
baseline survey included a full survey of the target group 
in the study region, the study sample is not representative 
at T3. In the drop-out analysis it has been observed, that 
participants with an unfavourable health behaviour had 
a double risk for a drop-out. So the prevalence of unfa-
vourable health behaviour may be underestimated in the 
follow-up cohort. As the proportion of men at T3 is low, 
it is not meaningful to perform a gender-specific evalu-
ation. Thus, it is also impossible to draw gender-specific 
conclusions about preventive measures. Because of the 
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low number of cases, caution is needed when interpreting 
the observed prevalence. Because of the number of cases, 
individual sectors were combined, even when the condi-
tions at work are different. This is particularly the base 
for the group office/sales/technology. In the hypothesis 
testing for the association between HL and health indi-
cators, only cross-sectional indicators could be found. 
Thus, these findings have a lower level of evidence than 
associations between longitudinal data. Cohort analysis 
over all the time points of the survey (T0, T1, T2, T3) was 
not considered, due to the small number of cases, so we 
decided to present data for the longest follow-up period 
between T0 and T3 including the transition from educa-
tion to the first year of work. In the longitudinal analy-
sis there were no significant associations observed, but 
we cannot rule out that this was due to the small sample 
size. Moreover, the independent and dependent variables 
are from the same source, so that a bias due to common-
method variance cannot be excluded. All information is 
based on self-reported data obtained from a question-
naire. It should also be remembered that the results 
were influenced by the simultaneous occurrence of the 
COVID-19 pandemic during the training period. This is 
of special relevance for employees in the health services 
and in health and welfare. It is possible that the observed 
work-related stress and demands would have been lower 
than during a pandemic-free period, Nevertheless, this 
study contains historical data, that reflects professional 
stress suffered by trainees during their transition to the 
first year of employment during the pandemic.

Conclusions
In the present study, it was observed that there is a need 
for preventive action for young employees in their first 
year of employment that supports their health behav-
iour, and in particular their psychological well-being. To 
what extent these high prevalences are caused by selec-
tion, occupational transition or the COVID 19 pandemic, 
we cannot say. Generally, preventive structures in the 
workplace are particularly important for young entrants 
once they leave the vocational college, as stress at work 
increases during this transitional phase due to the 
increased responsibility. The structure of the transition to 
the subsequent employment phase could be improved by 
mentoring and health support and prevention for young 
employees – specifically designed for the target group. 
Further research on HL as a predictor for health behav-
iour and health should perhaps be based on the use of 
the long version of the HLS-EU, as this would facilitate 
studies on the association between HL and health behav-
iour. It may also be asked whether the instrument used 
to measure HL is suitable for trainees, and whether an 
objectively recorded HL in adolescents would produce 
more valid data than a subjective method.

Acknowledgements
The authors would like to thank Dr. M. Dulon, D. Wendeler and J. Lütgens for 
their management of the anonymization service. Furthermore, we would 
like to thank all study participants and vocational schools, without their 
participation the study would not have been possible.

Author contributions
Conceptualization, P.K. and A.N; Methodology, P.K. and JF.K.; Data curation; 
P.K.; Formal analysis, P.K. and JF.K.; Investigation, P.K.; Writing—original draft 
preparation, P.K.; writing—review and editing, P.K., JF.K. and A.N.; supervision, 
A.N.; project ad-ministration, P.K. All authors have read and agreed to the 
published version of the manuscript.

Funding
No particular fund was received for this study. However, the Institute for 
Health Services Research in Dermatology and Nursing of the University 
Medical Center Hamburg-Eppendorf (UKE) receives an unrestricted fund of 
the German Social Accident Insurance for the Health and Welfare Services 
(BGW) on an annual basis to maintain the working group at the UKE. The 
funder had no role in study design, data collection and analysis, decision to 
publish, or preparation of the manuscript.
Open Access funding enabled and organized by Projekt DEAL.

Data Availability
Data available on request due to restrictions e.g. privacy or ethical. The data 
presented in this study are available on request from the corresponding 
author. The data are not publicly available due to the fact, that this was not 
subject to the informed consent.

Declarations

Competing interests
The authors declare no conflicts of interest.

Ethics approval and consent to participate
The study was conducted according to the guidelines of the Declaration of 
Helsinki, and approved by the Ethics Commission of the Hamburg Medical 
Association (PV5670, 12/12/2017). Informed consent was obtained from all 
subjects involved in the study.

Author details
1Competence Center for Epidemiology and Health Services Research for 
Healthcare Professionals (CVcare), Institute for Health Services Research in 
Dermatology and Nursing (IVDP), University Medical Center Hamburg-
Eppendorf (UKE), Hamburg, Germany
2Department for Occupational Medicine, Hazardous Substances and 
Health Sciences (AGG), German Social Accident Insurance for the Health 
and Welfare Services (BGW), Hamburg, Germany

Received: 27 February 2023 / Accepted: 24 August 2023

References
1.	 Federal Institute for Vocational Education and Training (Publisher). Datenre-

port zum Berufsbildungsbericht 2019. Informationen und Analysen zur Ent-
wicklung der beruflichen Bildung, 1st ed.; Bundesinstitut für Berufsbildung: 
Bonn, Germany., 2019; ISBN 978-3-96208-128-7. Available online: https://
www.bibb.de/dokumente/pdf/bibb_datenreport_2019.pdf (accessed on 
21st August 2023).

2.	 Pinquart M, Silbereisen R. Gesundheitsverhalten im Kindes-und Jugendal-
ter. Bundesgesundheitsblatt-Gesundheitsforschung-Gesundheitsschutz. 
2002;45(11):873–8.

3.	 Kaminski A, Nauerth A, Pfefferle PI. Gesundheitszustand und Gesundheits-
verhalten von Auszubildenden im ersten Lehrjahr – Erste Ergebnisse einer 
Befragung in Bielefelder Berufskollegs. Gesundheitswesen. 2008;70(1):38–46.

4.	 Badura B, Ducki A, Schröder H, Klose J, Meyer M. Fehlzeiten-Report 2015: 
Neue Wege für mehr Gesundheit-Qualitätsstandards für ein zielgruppenspe-
zifisches Gesundheitsmanagement. Springer-Verlag; 2015.

https://www.bibb.de/dokumente/pdf/bibb_datenreport_2019.pdf
https://www.bibb.de/dokumente/pdf/bibb_datenreport_2019.pdf


Page 11 of 11Koch et al. Journal of Occupational Medicine and Toxicology           (2023) 18:18 

5.	 Simonds SK. Health education as social policy. Health Educ Monogr. 
1974;2(1suppl):1–10.

6.	 Peerson A, Saunders M. Health literacy revisited: what do we mean and why 
does it matter? Health Promot Int. 2009;24(3):285–96.

7.	 Sørensen K, Van den Broucke S, Fullam J, Doyle G, Pelikan J, Slonska Z, et al. 
Health literacy and public health: a systematic review and integration of 
definitions and models. BMC Public Health. 2012;12(1):80.

8.	 Federal Center for Health Education (BZgA). Health Literacy/Gesundheits-
kompetenz. Available online: https://www.leitbegriffe.bzga.de/alphabe-
tisches-verzeichnis/health-literacy-gesundheitskompetenz/ (accessed on 
21st August 2023).

9.	 Sørensen K, Pelikan J, Röthlin F, Ganahl K, Slonska Z, Doyle G, et al. Health 
literacy in Europe: comparative results of the european health literacy survey 
(HLS-EU). Eur J Pub Health. 2015;25(6):1053–8.

10.	 Schaeffer D, Berens E-M, Gille S, Griese L, Klinger J, de Sombre S, Vogt D, 
Hurrelmann K. Gesundheitskompetenz der Bevölkerung in Deutschland vor 
und während der Corona Pandemie: Ergebnisse des HLS-GER 2; Universität 
Bielefeld: Bielefeld, Germany, 2021.11.

11.	 Berkman ND, Sheridan SL, Donahue KE, Halpern DJ, Crotty K. Low health 
literacy and health outcomes: an updated systematic review. Ann Intern Med. 
2011;155(2):97–107.

12.	 Bjørnsen HN, Espnes GA, Eilertsen M-EB, Ringdal R, Moksnes UK. The 
relationship between positive mental health literacy and mental well-being 
among adolescents: implications for school health services. J School Nurs. 
2019;35(2):107–16.

13.	 Boren SA. A review of health literacy and diabetes: opportunities for technol-
ogy. J Diabetes Sci Technol. 2009;3(1):202–9.

14.	 Sanders LM, Federico S, Klass P, Abrams MA, Dreyer B. Literacy and child 
health: a systematic review. Arch Pediatr Adolesc Med. 2009;163(2):131–40.

15.	 Stormacq C, Wosinski J, Boillat E, Van den Broucke S. Effects of health literacy 
interventions on health-related outcomes in socioeconomically disadvan-
taged adults living in the community: a systematic review. JBI Evid Synth. 
2020;18(7):1389–469.

16.	 Zhang F, Or PPL, Chung JWY. How different health literacy dimensions influ-
ences health and well-being among men and women: the mediating role of 
health behaviours. Health Expect. 2021.

17.	 Fleary SA, Joseph P, Pappagianopoulos JE. Adolescent health literacy and 
health behaviors: a systematic review. J Adolesc. 2018;62:116–27.

18.	 Mayberry LS, Schildcrout JS, Wallston KA, Goggins K, Mixon AS, Rothman RL, 
et al. editors. Health literacy and 1-year mortality: mechanisms of association 
in adults hospitalized for cardiovascular disease. Mayo Clinic Proceedings; 
2018: Elsevier.

19.	 Sansom-Daly UM, Lin M, Robertson EG, Wakefield CE, McGill BC, Girgis A, 
et al. Health literacy in adolescents and young adults: an updated review. J 
Adolesc Young Adult Oncol. 2016;5(2):106–18.

20.	 Walters R, Leslie SJ, Polson R, Cusack T, Gorely T. Establishing the efficacy of 
interventions to improve health literacy and health behaviours: a systematic 
review. BMC Public Health. 2020;20(1):1–17.

21.	 World Health Organisation. Health Literacy: The Solid Facts; World Health 
Organization, Regional Office for Europe: Copenhagen, Denmark., 2013; 
ISBN 978-92-890-00154. Available online: https://apps.who.int/iris/han-
dle/10665/326432 (accessed on 21st August 2023).

22.	 Schaeffer D, Hurrelmann K, Bauer U, Kolpatzik K, editors. Nationaler Aktion-
splan Gesundheitskompetenz. Die Gesundheitskompetenz in Deutschland 
stärken. Berlin: KomPart; 2018.

23.	 Jakab Z, Tsouros AD. Health 2020–achieving health and development in 
today’s Europe. Macedonian J Med Sci. 2014;7(3):499–505.

24.	 Steinke S, Koch P, Lietz J, Schillmöller Z, Nienhaus A. Health literacy, Health 
Behavior and States of Health among Trainee Personnel in Northern Ger-
many. Healthcare. 2021;9(6):757.

25.	 Röthlin F, Pelikan J, Ganahl K. Die Gesundheitskompetenz der 15-Jährigen 
Jugendlichen in Österreich; Ludwig Boltzmann Institut Health Promotion 
Research (LBIHPR): Wien, Austria, 2013. Available online: https://oepgk.at/
wp-content/uploads/2020/02/bericht_die_gesundheitskompetenz_von_15-
jaehrigen_jugendlich.pdf (accessed on 21st August 2023).

26.	 Krug S, Jordan S, Mensink GB, Müters S, Finger J, Lampert T. Körperliche Aktiv-
ität. Bundesgesundheitsblatt-Gesundheitsforschung-Gesundheitsschutz. 
2013;56(5):765–71.

27.	 Lampert T, Von Der Lippe E, Müters S. Verbreitung des Rauchens in der 
Erwachsenenbevölkerung in Deutschland. Bundesgesundheitsblatt-Gesund-
heitsforschung-Gesundheitsschutz. 2013;56(5–6):802–8.

28.	 Bush K, Kivlahan DR, McDonell MB, Fihn SD, Bradley KA, Project ACQI. The 
AUDIT alcohol consumption questions (AUDIT-C): an effective brief screening 
test for problem drinking. Arch Intern Med. 1998;158(16):1789–95.

29.	 Winkler G, Döring A. Validation of a short qualitative food frequency list 
used in several german large scale surveys. Z für Ernährungswissenschaft. 
1998;37(3):234–41.

30.	 Hasselhorn H-M, Freude G. Der Work-ability-Index: Ein Leitfaden; Bunde-
sanstalt für Arbeitsschutz und Arbeitsmedizin; Wirtschaftsverlag NW: Bremer-
haven, Germany, 2007; ISBN 978-3-86509-702-6.

31.	 Brähler E, Mühlan H, Albani C, Schmidt S. Teststatistische Prüfung und Norm-
ierung der deutschen Versionen des EUROHIS-QOL Lebensqualität-Index und 
des WHO-5 Wohlbefindens-Index. Diagnostica. 2007;53(2):83–96.

32.	 Nübling M, Stößel U, Hasselhorn H-M, Michaelis M, Hofmann F. Measuring 
psychological stress and strain at work-evaluation of the COPSOQ Question-
naire in Germany. GMS Psycho-Social Medicine. 2006;3.

33.	 Mather T, Banks E, Joshy G, Bauman A, Phongsavan P, Korda RJ. Variation in 
health inequalities according to measures of socioeconomic status and age. 
Aust N Z J Public Health. 2014;38(5):436–40.

34.	 Read JnG, Gorman BK. Gender and health inequality. Ann Rev Sociol. 
2010;36:371–86.

35.	 Koch P, Schillmöller Z, Nienhaus A. How does health literacy modify indica-
tors of Health Behaviour and of Health? A longitudinal study with Trainees in 
North Germany. Volume 10. Healthcare; 2022. p. 2.

36.	 Jordan S, Hoebel J. Gesundheitskompetenz von Erwachsenen in Deutsch-
land. Bundesgesundheitsblatt-Gesundheitsforschung-Gesundheitsschutz. 
2015;58(9):942–50.

37.	 Reick S, Hering T. Gesundheitskompetenz Studierender – Ergebnisse einer 
Online-Befragung an der Hochschule für Gesundheit Bochum. Int J Health 
Professions. 2018;5(1):44–52.

38.	 Kraus L, Loy JK, Wilms N, Starker A. Altersspezifische Trends des risikoreichen 
Alkoholkonsums in Deutschland: Parallele oder unterschiedliche Verläufe? 
Bundesgesundheitsblatt - Gesundheitsforschung - Gesundheitsschutz. 
2021;64(6):652–9.

39.	 Lampert T, Schmidtke C, Borgmann LS, Poethko-Müller C, Kuntz B. The sub-
jective health of adults in Germany. J Health Monit. 2018;3(2):61.

40.	 Walters R, Leslie SJ, Polson R, Cusack T, Gorely T. Establishing the efficacy of 
interventions to improve health literacy and health behaviours: a systematic 
review. BMC Public Health. 2020;20(1):1040.

41.	 Joseph P, Fleary SA. The way you interpret Health: adolescent definitions and 
perceptions of health literacy. J Sch Health. 2021;91(8):599–607.

42.	 Zhang F, Or PPL, Chung JWY. How different health literacy dimensions influ-
ences health and well-being among men and women: the mediating role of 
health behaviours. Health Expect. 2021;24(2):617–27.

43.	 Bjørnsen HN, Espnes GA, Eilertsen MB, Ringdal R, Moksnes UK. The rela-
tionship between positive Mental Health literacy and Mental Well-Being 
among adolescents: implications for School Health Services. J Sch Nurs. 
2019;35(2):107–16.

44.	 Amoah PA. Social participation, health literacy, and health and well-being: a 
cross-sectional study in Ghana. SSM Popul Health. 2018;4:263–70.

45.	 Fiedler S, Pfaff H, Soellner R, Pförtner TK. Exploring the Association between 
Health literacy and Psychological Well-Being among industry managers in 
Germany. J Occup Environ Med. 2018;60(8):743–53.

46.	 Chang LC. Health literacy, self-reported status and health promoting behav-
iours for adolescents in Taiwan. J Clin Nurs. 2011;20(1–2):190–6.

47.	 Klinker CD, Aaby A, Ringgaard LW, Hjort AV, Hawkins M, Maindal HT. Health 
literacy is associated with health behaviors in students from vocational edu-
cation and training schools: a danish population-based survey. Int J Environ 
Res Public Health. 2020;17(2):671.

48.	 Nie X, Li Y, Li C, Wu J, Li L. The Association between Health literacy and self-
rated health among residents of China aged 15–69 years. Am J Prev Med. 
2021;60(4):569–78.

49.	 Nie X, Li Y, Li C, Wu J, Li L. The Association Between Health Literacy and Self-
rated Health Among Residents of China Aged 15–69 Years. Am J Prev Med. 
2021;60(4):569 − 78.

50.	 Okan O. Gesundheitskompetenz im Kindes- und Jugendalter: Bestandsauf-
nahme und Analyse der Konzeptionellen und Methodischen Erforschung. 
2019. Unviversity of Bielefeld, Germany. Available online: https://pub.uni-
bielefeld.de/record/2941647 (accessed on 21th August 2023).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://www.leitbegriffe.bzga.de/alphabetisches-verzeichnis/health-literacy-gesundheitskompetenz/
https://www.leitbegriffe.bzga.de/alphabetisches-verzeichnis/health-literacy-gesundheitskompetenz/
https://apps.who.int/iris/handle/10665/326432
https://apps.who.int/iris/handle/10665/326432
https://oepgk.at/wp-content/uploads/2020/02/bericht_die_gesundheitskompetenz_von_15-jaehrigen_jugendlich.pdf
https://oepgk.at/wp-content/uploads/2020/02/bericht_die_gesundheitskompetenz_von_15-jaehrigen_jugendlich.pdf
https://oepgk.at/wp-content/uploads/2020/02/bericht_die_gesundheitskompetenz_von_15-jaehrigen_jugendlich.pdf
https://pub.uni-bielefeld.de/record/2941647
https://pub.uni-bielefeld.de/record/2941647

	﻿Monitoring a cohort of trainees: changes over time and associations between health literacy, health behaviour and health
	﻿Abstract
	﻿Introduction
	﻿Theoretical background of health literacy
	﻿Research results on health literacy

	﻿Methods
	﻿Data collection
	﻿Operationalization of variables
	﻿Health behaviour
	﻿State of health
	﻿Workplace-related psychosocial factors


	﻿Statistical analysis
	﻿Results
	﻿Description of the cohort
	﻿Changes over time in health literacy (HL), indicators of health behaviour and health COPSOQ variables
	﻿Association between health literacy and indicators of health behaviour and health


	﻿Discussion
	﻿Changes over time
	﻿HL and indicators of health behaviour and health
	﻿Limitations

	﻿Conclusions
	﻿References


