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Abstract: We aimed to prospectively assess changes in chronic stress among young adults
transitioning from high school to university or working life. A population-based cohort in Munich
and Dresden (Germany) was followed from age 16–18 (2002–2003) to age 20–23 (2007–2009) (n = 1688).
Using the Trier Inventory for the Assessment of Chronic Stress, two dimensions of stress at
university or work were assessed: work overload and work discontent. In the multiple ordinal
generalized estimating equations, socio-demographics, stress outside the workplace, and job history
were additionally considered. At follow-up, 52% of the population were university students.
Work overload increased statistically significantly from first to second follow-up, while work
discontent remained constant at the population level. Students, compared to employees, reported a
larger increase in work overload (adjusted odds ratio (OR): 1.33; 95% confidence interval (95% CI):
1.07, 1.67), while work discontent did not differ between the groups. In conclusion, work overload
increases when young adults transition from school to university/job life, with university students
experiencing the largest increase.

Keywords: work stress; longitudinal study; psychological effects; generalized estimation equations

1. Introduction

To promote well-being across an adult’s working life, occupational health specialists face the
challenge of determining and preventing stress among employees. Work stress is conceptualized as
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the interaction of employee characteristics with demands of the personal and work environment [1].
If personal resources of employees are not effective in coping with the demands and pressures of
the job, adverse psychological and physiological reactions such as sleeping disorders, cardiovascular
effects, chronic pain, and depression may result [2–5]. Previous research has shown that particularly
chronic, rather than acute, stress is associated with adverse health effects [6–8]. While acute stress
refers to situations that occur only once and begin or end abruptly, chronic stress is related to a daily
routine in a constant environment in the absence of effective coping mechanisms [9,10]. Aside from
job demands, chronic stress at work includes a persistent lack of need fulfillment (e.g., need for
appreciation, autonomy, social support, or meaningful tasks) [10,11].

Chronic stress may already develop early in working life [12] and varies across the lifespan.
The current economic crisis in Europe generated investment in training of young people to avoid
unemployment and improve job perspectives [13]. In these young people, prevalence of chronic stress
might be highest, as recently shown in a German national survey [14]. Many of these young adults
are still enrolled at the university or, especially in Germany, in so-called dual training systems where
school-based training is combined with training on the job. While the latter are covered by Germany’s
Occupational Safety Law [15] (which includes stress prevention at the workplace), no such programs
are regularly in place at most German universities. At the same time, many university students face
a double burden, as they need to work to earn a living in addition to studying. Others need to do
mandatory internships to complete their studies. Research has indicated high levels of stress, anxiety,
and depression among university students [16,17]. For example, a prospective study among more
than 14,000 university students in the UK showed a significant increase in distress in the transition
from school to university life [18]. Only few of the existing studies included peers not studying at
universities. None of them followed a prospective design [19,20]. The advantage of using such a
design is that the difference in personal stress levels before entering university/working life can be
controlled for.

In addition, measurement of stress differed across existing studies with most studies using distress
as a proxy of stress levels [21]. For a valid comparison of stress levels among students and non-students,
it is important to use an instrument applicable to the school, university and working environment
alike. In addition, it should include stress factors outside the workplace/university setting like social
stress, worries, lack of social recognition, and worrying memories to control for potential sources
of non-job-related chronic stress. The Trier Inventory for the Assessment of Chronic Stress (TICS)
considers these dimensions and enables the reliable and comprehensive assessment of stress across
various domains including training settings such as schools and universities or in unemployment [6,22].
This scale has been successfully implemented in the above-mentioned cross-sectional national survey
of German adults [15].

We aimed to prospectively assess the marginal change in chronic stress following a population-based
cohort transitioning from high school to university/working life. In addition, our objective was
to compare stress levels among university students and their non-student counterparts. Finally,
we wanted to examine chronic stress levels by occupational groups.

2. Materials and Methods

2.1. Population

The study population consisted of participants of the Study of Occupational Allergy Risks
(SOLAR) II [23]. In brief, SOLAR II was aimed to investigate the course of respiratory diseases and
atopy in symptomatic and symptom free persons from childhood to young adulthood. Additionally,
occupational risk factors were identified to investigate associations between occupational factors, stress
and the course of respiratory diseases. SOLAR II is the 2nd follow-up of the International Study on
Asthma and Allergies in Childhood (ISAAC) II [24]. ISAAC II was the German part of a multicenter
international study intended to investigate the prevalence of asthma and allergies, the sample was
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chosen using schools in Munich and Dresden as sampling units, and participants at age 10 were
studied (4th grade, age range: 9–11) in 1995/1996. It included 7498 children. In 2002/2003, SOLAR I
(first follow-up) was started. We re-contacted 3785 of the initial ISAAC II participants, of which 3053
adolescents with an average age of 17 (age range: 19–23) agreed to participate. By SOLAR II (the
second follow-up), we re-contacted 2904 participants from SOLAR I, and a total of 2051 of 2904 young
adults agreed to participate in 2007/2009. During SOLAR I, participants received the questionnaires
between August and January 2003. For SOLAR II, fieldwork was distributed between August 2007
and November 2008, and 100 invitation letters per month and per center were sent out.

Starting from SOLAR I in 2002–2003, questionnaires included a detailed school and employment
history and the TICS version 1.0 [6]. Analyses were restricted to participants who never worked until
SOLAR I, excluding 318 subjects with a previous work history (Figure 1). Moreover, 21 participants
with unclear educational status and 24 participants with two or more items missing in one of the
TICS questionnaires at SOLAR I or SOLAR II were excluded (Figure 1). All participants or their legal
guardians provided written informed consent. The Ethical Committees of the Medical Faculty of the
University of Dresden, the University of Ulm, and the Ethical Committee of the Bavarian Chamber of
Physicians in Munich approved the study (EK 38022007).
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Figure 1. Flow chart of final sample size and the variables measured in each follow-up.

2.2. Occupational Status and Job Groups

At SOLAR I and SOLAR II, participants reported their current occupational status as well as
any jobs they had ever held up until SOLAR I and between SOLAR I and SOLAR II. Occupational
status at SOLAR II was categorized as: employee, university student, vocational trainee (dual training
system), unemployed, self-employed, and other (i.e., in maternity leave or work disability) [23]. Being
employed served as the reference category in the analyses.

Jobs held two years prior to SOLAR II were coded according to the International Standard
Classification of Occupations (ISCO-88) by two trained coders [25]. The period of two years was
chosen because we considered this amount of time as relevant for the development of chronic
stress at SOLAR II. Jobs included regular employment, student jobs, and internships. As subjects
could change jobs in the period under study, they were eligible for more than one job category.
Using the codes, we constructed five job groups each with at least 90 participants (no vs. yes): clerks
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(ISCO-88 Major group 4), professionals and technicians (ISCO-88 Major groups 2 and 3), health
professions (i.e., with direct patient contact; e.g., medical doctors, physiotherapists, and related
associate professionals), plant machine operators (ISCO-88 Major group 8), and elementary occupations
(ISCO-88 Major group 9). In each of the job groups, never worked (the no category) in the specific job
was used as the reference.

2.3. Sociodemographics Covariates

Sex (male vs. female), having children at SOLAR II (no vs. yes), parental socioeconomic
status defining high socioeconomic status as at least one parent having ≥12 years of schooling at
SOLAR I (high vs. low), highest educational status reported at SOLAR I and SOLAR II (elementary
education vs. secondary education, advanced technical and higher education) were included as
sociodemographic covariates.

2.4. Non-Job-Related Chronic Stress

The Trier Inventory for Chronic Stress (TICS) captures chronic stress considering the following
dimensions: work overload, work discontent, social overload, a lack of social recognition, chronic
worrying, and stressful memories [22]. They were selected using the systemic requirement-resource
model of health [6]. The factorial validity of the TICS was shown by confirmatory analysis in a
representative sample [22]. In our analyses, the four TICS sub-scales not directly related to work stress
at SOLAR I were included as potential confounders:

• social overload (e.g., “Situations in which I cannot resolve conflicts that I have with others”.);
• lack of social recognition (e.g., “Times where I get little approval for my work”.);
• chronic worrying (e.g., “Times when I worry a lot and cannot stop”.);
• stressful memories (e.g., “Intrusive remembrances of an unpleasant experience”.).

They were asked only once in SOLAR I because they are considered to be persistent over time,
especially over a period as short as the five-year period between SOLAR I and SOLAR II (personal
communication with Wolfgang Schlotz).

The TICS sub-scales capture the frequency of self-perceived stressful situations in the last
12 months on a five-point Likert scale from “never” (0 points) to “very often” (4 points). A total
score in each sub-scale is calculated by summing all item scores; answers are allowed to be missing for
up to 2 items and were imputed. Each subscale score was categorized as “low” (≤median), “average”
(above median to median +1 standard deviation), and “high” (≥1 standard deviation from the median)
frequency of stressful situations [14].

2.5. Work-/University-Related Chronic Stress as Outcome

The following job-related TICS sub-scales served as outcomes:

• work discontent (e.g., “Times when I have to perform tasks that I am not at all willing to do”.);
• work overload (e.g., “I have too many tasks to perform”.).

All job-related TICS questions apply to school, university, or job settings alike. As the TICS
sub-scales described previously, they were assessed on a five-point Likert scale from “never” to “very
often”. Outcomes were categorized like the other TICS domains in “low”, “average”, and “high”
using the median and the median +1 standard deviation as cut-off points [14]. Medians and standard
deviations of SOLAR I were used for the definition of work discontent and work overload at SOLAR I
and SOLAR II.

2.6. Statistical Analysis

As the outcomes were measured at two points in time (SOLAR I and SOLAR II), an ordinal
generalized estimating equation (GEE) model with an exchangeable correlation structure was used
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in the analysis. Population average models estimated using GEE describe changes in the population
mean based on changes in covariates. They then provide a population-averaged interpretation between
exposure(s) and outcome(s) and address the temporal correlation between outcome measures [26,27].
GEEs tell us, for every one unit increase in a covariate across the studied population, how much
response would change on average [28]. Given that we had time-varying covariates such as
occupational status and level of education, GEE models produce more efficient and unbiased regression
parameters than ordinary least squares regression (OLS) [27].

Using R version 3.2.4 (R Foundation for Statistical Computing, Vienna, Austria) [29], we first
examined the unadjusted relationships between occupational status, potential confounders, and stress
in univariate models. In the next step, we simultaneously included occupational status, sex, parental
socioeconomic status, having children, level of education, and time into a mutually adjusted GEE
model (Model 1). After that, we additionally controlled for the five job groups (Model 2). Our final
model (Model 3) additionally included the four non-work-related TICS dimensions.

Missing values were handled using multiple imputations by chained equations (MICE) [30]
assuming that missing values were missing at random. Five imputed data sets were obtained.
Combined adjusted odds ratios and their respective confidence intervals were derived using Rubin’s
rules [31].

In the sensitivity analyses, we compared multiply imputed data to complete case analyses. We also
stratified by sex to check for differences between women and men. In addition, we restricted Model 3
to students.

3. Results

3.1. Descriptives

The final study population included 1688 participants. Percentage of women was 59% (n = 991).
About half of the population were still students at SOLAR II, 52% (n = 879), whereas 22% (n = 376)
were employed (Table 1). Considering jobs held during the two years prior to SOLAR II, 19% (n = 328)
worked as professionals and technicians, 15% (n = 260) as plant machine operators, 12% (n = 209) in
health professions; 10% (n = 163) worked as clerks and 6% (n = 93) in elementary occupations.

Table 1. Descriptive data of outcomes, exposures, and potential confounders at SOLAR I (2002–2003)
and II (2007–2009) in 1688 young Germany adults prior to imputation. Where data for SOLAR I and II
remained constant, only data for SOLAR I are given.

SOLAR I SOLAR II

% (n) % (n)

Occupation (NA = 5)
Employed 0 0 22 376
Student 89 1497 52 879
Apprentice 10 168 19 314
Unemployed 0 0 4 60
Other 1 23 2 42
Self-employed 0 0 1 12
Clerks - - 10 163
Professionals and technicians - - 19 328
Health professions - - 12 209
Plant machine operators - - 15 260
Elementary occupations - - 6 93

Sex
Female 59 991 - -

Having children (NA = 10)
Yes - - 3 52
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Table 1. Cont.

SOLAR I SOLAR II

% (n) % (n)

Parental socio economic status ** (NA = 19)
High 64 1063 - -
Low 36 606 - -

Education (NA = 33)
Elementary 74 1220 0 8
Secondary 26 432 26 432
Advanced technical 0 3 12 199
Higher 0 0 62 1043

Work discontent †† (NA = 17)
Low 52 872 68 1137
Average 29 483 19 326
High 19 316 13 215
Median (SD) 13 (3.3) 12 (3.4)

Work overload †† (NA = 17)
Low 55 920 53 882
Average 28 475 27 449
High 17 276 21 348
Median (SD) 20 (5.6) 20 (6.0)

Social overload (NA = 15)
Low 39 659 - -
Average 43 724 - -
High 17 290 - -
Median (SD) 14 (3.4) - -

Lack of social recognition (NA = 11)
Low 56 943 - -
Average 30 499 - -
High 14 231 - -
Median (SD) 17 (4.1) - -

Chronic worrying (NA = 17)
Low 51 853 - -
Average 28 474 - -
High 21 344 - -
Median (SD) 15 (4.5) - -

Stressful memories (NA = 12)
Low 53 882 - -
Average 26 436 - -
High 21 358 - -
Median (SD) 13 (4.6) - -

Note: SD: Standard deviation. ††: Cut-off points were established based on SOLAR I distribution. ** High: at least
one parent having ≥12 years of schooling. NA: Missing Values.

Regarding the outcomes, while median work overload scores did not change considerably
between SOLAR I and SOLAR II, the relative frequency of subjects in the high work overload category
increased from 17% (n = 276) to 21% (n = 348). With respect to work discontent, the median score
decreased slightly from 13 at SOLAR I to 12 at SOLAR II and relative frequency of participants with
high work discontent decreased from 19% (n = 316) at SOLAR I to 13% (n = 215) at SOLAR II (Table S1).
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3.2. GEE Models

Estimating population change over the follow-up, work overload increased statistically
significantly from SOLAR I to SOLAR II (crude odds ratio (OR): 1.12, 95% confidence interval (95% CI):
1.04, 1.20). Difference became more pronounced when adjusting for other covariates (Tables 2 and 3).

Table 2. Unadjusted (OR) and adjusted odds ratios (aOR) after multiple imputation with 95% confidence
intervals (95% CI) for work overload using ordinal generalized estimating equation (GEE) models in a
prospective cohort of 1688 young adults in Germany.

Univariate Model 1 # Model 2 # Model 3 #

OR (95% CI) aOR (95% CI) aOR (95% CI) aOR (95% CI)

Follow-up
SOLAR I 1 - 1 1
SOLAR II 1.12 (1.04, 1.20) * 1.51 (1.23, 1.85) * 1.50 (1.23, 1.84) * 1.55 (1.22, 1.95) *

Occupation
Employed 1 1 1 1
Student 1.01 (0.89, 1.16) 1.30 (1.08, 1.57) * 1.30 (1.08, 1.57) * 1.33 (1.07, 1.67) *
Vocational trainee 0.96 (0.82, 1.13) 1.11 (0.92, 1.33) 1.10 (0.92, 1.33) 1.07 (0.86, 1.34)
Unemployed 0.71 (0.49, 1.03) 0.70 (0.47, 1.05) 0.70 (0.47, 1.05) 0.62 (0.39, 1.00)
Other 1.10 (0.77, 1.57) 1.09 (0.73, 1.62) 1.08 (0.73, 1.61) 1.07 (0.69, 1.67)
Self-employed 2.08 (1.10, 3.94) * 2.32 (1.16, 4.62) * 2.34 (1.16, 4.69) * 2.55 (1.16, 5.58) *

Clerk **
Yes 1.04 (0.88, 1.24) - 0.98 (0.82, 1.16) 1.04 (0.87, 1.25)

Professionals and technicians **
Yes 0.99 (0.87, 1.13) - 0.95 (0.83, 1.09) 0.94 (0.82, 1.08)

Health professions **
Yes 1.19 (1.02, 1.38) * - 1.20 (1.03, 1.41) * 1.17 (1.01, 1.37) *

Plant machine operators **
Yes 0.81 (0.70, 0.93) * - 0.91 (0.79, 1.06) 0.92 (0.79, 1.08)

Elementary occupations **
Yes 1.00 (0.83, 1.22) - 1.07 (0.87, 1.32) 1.01 (0.81, 1.27)
Sex
Male 1 1 1 1
Female 1.77 (1.59, 1.97) * 1.78 (1.59, 1.99) * 1.77 (1.58, 1.97) * 1.35 (1.22, 1.53) *

Having children **
Yes 1.54 (1.19, 1.99) * 1.41 (1.08, 1.83) * 1.42 (1.09, 1.86) * 1.46 (1.10, 1.93) *

Parental socio economic status
High 1 1 1 1
Low 0.93 (0.83, 1.03) 0.93 (0.83, 1.04) 0.94 (0.84, 1.05) 0.88 (0.79, 0.99) *

Education
Elementary 1 1 1 1
Secondary 0.95 (0.86, 1.06) 0.88 (0.76, 1.01) 0.89 (0.77, 1.03) 0.87 (0.75, 1.01)
Advanced technical 1.17 (0.99, 1.39) 0.87 (0.67, 1.13) 0.88 (0.68, 1.14) 0.86 (0.65, 1.15)
Higher 1.08 (0.99, 1.18) 0.74 (0.60, 0.92) * 0.75 (0.60, 0.93) * 0.77 (0.60, 0.98) *

Social overload ††

Average 1.50 (1.34, 1.67) * - - 1.24 (1.10, 1.41) *
High 2.48 (2.16, 2.85) * - - 1.42 (1.20, 1.68) *

Lack of social recognition ††

Average 1.46 (1.30, 1.64) * - - 1.08 (0.96, 1.23)
High 2.10 (1.82, 2.42) * - - 1.16 (0.99, 1.40)

Chronic worrying ††

Average 2.26 (1.99, 2.56) * - - 1.82 (1.58, 2.09) *
High 4.04 (3.50, 4.66) * - - 2.89 (2.41, 3.46) *

Stressful memories ††

Average 1.82 (1.61, 2.07) * - - 1.20 (1.04, 1.38) *
High 2.59 (2.28, 2.95) * - - 1.13 (0.95, 1.35)

Note: # Each model mutually adjusted for all variables given in the column. * Statistically significant. ** Reference
category “No”. †† Reference category “Low”.
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Table 3. Unadjusted (OR) and adjusted odds ratios (aOR) after multiple imputation with 95% confidence
intervals (95% CI) for work discontent using ordinal GEE models in a prospective cohort of 1688 young
adults in Germany.

Univariate Model 1 # Model 2 # Model 3 #

OR (95% CI) aOR (95% CI) aOR (95% CI) aOR (95% CI)

Follow-Up
SOLAR I 1 1 1 1
SOLAR II 0.68 (0.63, 0.74) * 1.11 (0.90, 1.38) 1.11 (0.90, 1.38) 1.08 (0.86, 1.36)

Occupation
Employed 1 1 1 1
Student 1.25 (1.06, 1.46) * 1.08 (0.87, 1.35) 1.10 (0.88, 1.37) 1.06 (0.84, 1.34)
Apprentice 0.97 (0.80, 1.18) 0.98 (0.80, 1.22) 0.99 (0.80, 1.22) 0.91 (0.72, 1.14)
Unemployed 2.04 (1.48, 2.82) * 2.08 (1.50, 2.88) * 2.10 (1.52, 2.91) * 2.15 (1.50, 3.09) *
Other 1.52 (1.07, 2.18) * 1.49 (1.01, 2.19) * 1.50 (1.02, 2.21) * 1.46 (0.95, 2.26)
Self-employed 0.69 (0.21, 2.20) 0.71 (0.24, 2.14) 0.70 (0.24, 2.05) 0.61 (0.19, 1.98)

Clerk **
Yes 0.82 (0.69, 0.97) * - 0.79 (0.66, 0.95) * 0.81 (0.68, 0.98) *

Professionals and technicians **
Yes 0.91 (0.80, 1.03) - 0.90 (0.79, 1.02) 0.90 (0.79, 1.04)

Health professions **
Yes 0.86 (0.73, 1.01) - 0.84 (0.71, 1.00) 0.80 (0.67, 0.95) *

Plant machine operators **
Yes 0.84 (0.72, 0.97) * - 0.81 (0.70, 0.95) * 0.82 (0.70, 0.96) *

Elementary occupations **
Yes 0.98 (0.79, 1.21) - 0.99 (0.80, 1.24) 0.94 (0.74, 1.19)

Sex
Men 1 1 1 1
Women 1.11 (1.01, 1.23) * 1.12 (1.01, 1.25) * 1.11 (1.00, 1.23) 0.89 (0.80, 1.00)

Having children **
Yes 1.10 (0.86, 1.40) 0.91 (0.70, 1.19) 0.89 (0.68, 1.18) 0.89 (0.67, 1.18)

Parental socioeconomic status
High 1 1 1 1
Low 1.00 (0.91, 1.11) 0.96 (0.86, 1.07) 0.95 (0.85, 1.06) 0.91 (0.81, 1.02)

Education
Elementary 1 1 1 1
Secondary 0.75 (0.67, 0.84) * 0.72 (0.62, 0.83) * 0.71 (0.62, 0.82) * 0.70 (0.60, 0.81) *
Advanced technical 0.73 (0.60, 0.88) * 0.64 (0.49, 0.84) * 0.65 (0.49, 0.85) * 0.60 (0.45, 0.81) *
Higher 0.54 (0.48, 0.60) * 0.48 (0.38, 0.61) * 0.48 (0.38, 0.61) * 0.47 (0.37, 0.61) *

Social overload ††

Average 1.48 (1.33, 1.64) * - - 1.09 (0.96, 1.23)
High 2.02 (1.77, 2.31) * - - 1.17 (0.98, 1.38)

Lack of social recognition ††

Average 1.60 (1.43, 1.79) * - - 1.38 (1.22, 1.57) *
High 2.53 (2.20, 2.89) * - - 1.94 (1.64, 2.30) *

Chronic worrying ††

Average 1.65 (1.47, 1.86) * - - 1.41 (1.23, 1.62) *
High 2.26 (1.99, 2.56) * - - 1.72 (1.45, 2.05) *

Stressful memories ††

Average 1.53 (1.36, 1.72) * - - 1.19 (1.04, 1.36) *
High 1.92 (1.70, 2.16) * - - 1.11 (0.94, 1.31)

Note: # Each model mutually adjusted for all variables given in the column. * Statistically significant. ** Reference
category “No”. †† Reference category “Low”.

Compared to employees, students were more likely to report higher levels of work overload
at follow-up (fully adjusted Model 3: aOR: 1.33, 95% CI: 1.07, 1.67). Likewise, work overload of
self-employed increased significantly compared to the reference group (aOR: 2.55, 95% CI: 1.16, 5.58).
Looking at the different job categories, those working at some time in the healthcare sector were more
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likely to change in a higher work overload category than those never working in this sector (aOR: 1.17,
95% CI: 1.01, 1.37).

Regarding working discontent, it decreased over time (OR: 0.68, 95% CI: 0.63, 0.74) but differences
between SOLAR-I and II became none significant after adjustment. In addition, there was no change
in work discontent in students compared to employees (aOR: 1.06, 95% CI: 0.84, 1.34), whereas
unemployed subjects reported a higher level of work discontent at follow-up than employees
(aOR: 2.15, 95% CI: 1.50, 3.09). Of the five job categories studied, working in the healthcare sector
(aOR: 0.84, 95% CI: 0.71, 0.99), as a clerk (aOR: 0.83, 95% CI: 0.70, 0.99) or as a plant machine operator
(aOR: 0.82, 95% CI: 0.70, 0.96) was inversely associated with work discontent compared to those not
working in these sectors (Table 3). Adjustments only marginally changed the results (Tables 2 and 3).

Looking at the non-job-related chronic stress parameters of Model 3, those in the high chronic
worrying category were also more likely to change into a higher work overload category (aOR: 2.89,
95% CI: 2.41, 3.46) and work discontent (aOR: 1.72, 95% CI: 1.45, 2.05) category between SOLAR I and
SOLAR II. Social overload was associated with work overload only (aOR: 1.42, 95% CI: 1.20, 1.68).
In contrast, lack of social recognition increased the chances of reporting work discontent at follow-up
(aOR: 1.94, 95% CI: 1.64, 2.30).

The sensitivity analyses confirmed consistency between multiply imputed data and complete
cases analyses (Table S2). After stratification for sex, results remained stable with only minor changes
in the odds ratios for men and women (Tables S3 and S4). Restricting the analyses to students, those
with part-time jobs reported less work discontent than those not working. In addition, students
with part-time jobs in the healthcare sector reported higher work overload compared to students not
working in this sector (Table S5).

4. Discussion

In this cohort of young adults, we found a substantial increase of work overload from school to
working/university life at the population level. Especially affected were university students compared
to their employed counterparts. Differences in work overload became even more pronounced for
working students. At the same time, university students were more content with what they were
doing than at the SOLAR I, which is reflected by less work discontent compared to employees.

Our findings contribute to the current literature on job-related well-being among young adults
during their transition into work life. The few existing studies on stress among young workers showed
that new psychological work environments and unfamiliar working conditions might lead to an
elevated perception of chronic stress and musculoskeletal symptoms among job beginners [32]. Studies
among college students indicated that they may become overwhelmed with feelings that there is not
enough time to complete all their work adequately. In our study population, this seems particularly
true for students who hold part-time jobs attending school at the same time [11,33,34]. Evidence-based
interventions for stress reduction should therefore specifically be targeted on the management of work
overload among university students [35]. Students with part-time jobs (but not vocational trainees)
in the health sector were mostly affected by higher work overload, but also less work discontent
compared to full-time students, which is in line with existing literature. However, work discontent
perception could change after several years of working in the health sector [36,37].

Work discontent also decreased significantly over time among clerks and machine operators
as compared to those not working in such jobs. It might be that young people starting in such jobs
can successfully apply their manual skills and capabilities in vocational practice while they were
stressed by the intellectual demands at school. For the other occupational groups, we did observe
significant associations with chronic job-related stress, which is consistent with previous work by
Melchior et al. [5]. Then, participants exposed to high demanding jobs, such as jobs with excessive
workload or with extreme high demanding time pressures, had a greater risk of reporting job chronic
stress, which in the long term can lead to severe problems such as depression or anxiety disorders.
Our findings remained robust after stratifying for gender, which is an indication of lack of effect
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modification. This is in line with other studies using the same [14,38] or different instruments to assess
stress [39].

Overall, our study expands on previous attempts to determine chronic job-related stress among
young adults entering university and to compare them to those entering work life. Due to the
prospective design, it is possible to discern the temporal sequence between the exposure and outcome.
Using the job-history at SOLAR I, we excluded individuals with previous occupational exposure.
Our data were collected as part of an extensive protocol that assessed a wide spectrum of health-related
information, and participants were not aware of the main hypothesis addressed in the analyses
presented in this paper. Therefore, differential misclassification of exposure or outcome is unlikely.
Additionally, as almost half of our study population were students, many of the jobs may have been
temporary (e.g., student jobs), which had not been investigated previously.

Our study has some limitations. We used a well-established standardized coding instrument
(ISCO-88) to define the occupational groups. However, our analyses were restricted to the most
prevalent professions in our cohort. Our data relies on the self-report of work-related chronic stress,
which may be biased by personality or other reporting bias. Both the type of job selection and
chronic stress may be influenced by several individual, social, and cultural characteristics. Accordingly,
all estimates were adjusted for a set of a priori defined potential confounders such as sex, socioeconomic
status, education, having children, and non-work related chronic stress. Additionally, we did not assess
whether the questionnaires were answered during or after the exam period. However, in SOLAR I,
participants received the questionnaires between August 2002 and January 2003, which is a period
without main exams in Germany. In SOLAR II, questionnaires were sent between August 2007 and
November 2008. It might be therefore that some of our students were in an exam or assessment period.
Stress measurement in general underlies a random fluctuation, but we do not believe that our results
were largely affected by this non-differential misclassification, as our instrument measures chronic
stress rather than study load or work load. Data on contextual features such as ethnic background,
cultural conception, and social capital were not collected in our study due to legal and logistical
reasons. Health status may have conditioned the beginning of professional life, with participants
entering the labor market differentially depending on their health status. This so-called healthy hire
effect might have caused unmeasured confounding. SOLAR II was based on a population-based cohort.
Several methodologies were used to increase participation as far as possible to decrease selection bias.
Generalizability of our results should, however, be interpreted carefully, since females and children of
parents with higher parental education level were more likely to take part in each follow-up [23].

5. Conclusions

In summary, our prospective study of young adults transitioning from school to university
and working life indicates that university students were especially affected by work overload,
especially those who were concurrently working and studying. This indicates that stress-related
interventions might be useful for university students as chronic stress may result in poor health over
time. Particularly health professionals reported increased chronic job stress in comparison to other
professions, which calls for further measures to reduce psychosocial risks in the healthcare sector.

Supplementary Materials: The following are available online at www.mdpi.com/1660-4601/14/11/1325/s1,
Table S1: Prevalences in each job-related category in SOLAR I and SOLAR II. Rows represent prevalences at
baseline (SOLAR I) and columns are prevalences in SOLAR II, Table S2: Adjusted odds ratios for stress outcomes
using complete case (ORCC) and multiple imputation (ORMI) with 95% confidence intervals (95% CI) using the
Model 3. Associations obtained using ordinal GEE models in a prospective cohort study of 1688 German young
adults, Table S3: Adjusted odds ratios after multiple imputation (aOR) and 95% confidence intervals (95% CI)
for work discontent and sex using the Model 3, Table S4: Associations obtained using ordinal GEE models in a
prospective cohort study of German young adults. Adjusted odds ratios after multiple imputation (aOR) and 95%
confidence intervals (95% CI) for work overload and sex using the Model 3, Table S5: Adjusted odds ratios after
multiple imputation (aOR) and 95% confidence intervals (95% CI) for job-related chronic stress outcomes using
the Model 3 using only the students.

www.mdpi.com/1660-4601/14/11/1325/s1


Int. J. Environ. Res. Public Health 2017, 14, 1325 11 of 13

Acknowledgments: This work was supported by the German Federal Institute for Occupational Safety and
Health, the German Federal Ministry of Labour and Social Affairs. Ronald Herrera was supported by
Departamento Administrativo de Ciencia, Tecnología e Innovación (Administrative Department of Sciences
and Technology)-ColCiencias (No. 646).

Author Contributions: Ronald Herrera was responsible for data preparation, data analysis, interpretation of the
data, and the writing of the manuscript. Ursula Berger was contributed to the design of the analyses, interpretation
of the data, and drafting of the manuscript. Jon Genuneit made contributions to conception and design and was
responsible for data management. Jessica Gerlich was responsible for the acquisition of data and interpretation of
the data. Dennis Nowak made contributions to the conception and design of the study. Wolff Schlotz contributed
to the conception and design of the study and was also responsible for TICS scale conception. Christian Vogelberg
made contributions to the conception and design of the study and data interpretation. Erika von Mutius made
contributions to the conception, design, and analyses of the study. Gudrun Weinmayr made contributions to the
conception and design of the study and was also responsible for data management. Doris Windstetter contributed
to the conception of the study and interpretation of the data. Matthias Weigl was responsible for the interpretation
of the data and for drafting the manuscript. Katja Radon made contributions to the conception and design of
the study, as well as data analyses and interpretation, and helped draft the manuscript. All authors read and
approved the final manuscript.

Conflicts of Interest: The authors declare no conflict of interest. The funding agency had no role in the design of
the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or in the decision
to publish the results.

References

1. Michie, S. Causes and management of stress at work. Occup. Environ. Med. 2002, 59, 67–72. [CrossRef]
[PubMed]

2. Gilbert-Ouimet, M.; Trudel, X.; Brisson, C.; Milot, A.; Vézina, M. Adverse effects of psychosocial work factors
on blood pressure: Systematic review of studies on demand-control-support and effort-reward imbalance
models. Scand. J. Work Environ. Health 2014, 40, 109–132. [CrossRef] [PubMed]

3. Hassoun, L.; Herrmann-Lingen, C.; Hapke, U.; Neuhauser, H.; Scheidt-Nave, C.; Meyer, T. Association
between chronic stress and blood pressure: Findings from the german health interview and examination
survey for adults 2008–2011. Psychosom. Med. 2015, 77, 575–582. [CrossRef] [PubMed]

4. Bonzini, M.; Veronesi, G.; Conti, M.; Coggon, D.; Ferrario, M.M. Is musculoskeletal pain a consequence or
a cause of occupational stress? A longitudinal study. Int. Arch. Occup. Environ. Health 2015, 88, 607–612.
[CrossRef] [PubMed]

5. Melchior, M.; Caspi, A.; Milne, B.J.; Danese, A.; Poulton, R.; Moffitt, T.E. Work stress precipitates depression
and anxiety in young, working women and men. Psychol. Med. 2007, 37, 1119–1129. [CrossRef] [PubMed]

6. Schulz, P.; Schlotz, W. Trier inventory for the assessment of chronic stress (tics): Scale construction, statistical
testing, and validation of the scale work overload. Diagnostica 1999. [CrossRef]

7. Becker, P.; Schulz, P.; Schlotz, W. Persönlichkeit, chronischer stress und körperliche gesundheit: Eine
prospektive studie zur überprüfung eines systemischen anforderungs-ressourcen-modells. Zeitschrift für
Gesundheitspsychologie 2004, 12, 11–23. [CrossRef]

8. Schlotz, W.; Phillips, D.I. Birth weight and perceived stress reactivity in older age. Stress Health 2013, 29,
56–63. [CrossRef] [PubMed]

9. Hahn, S.E.; Smith, C.S. Daily hassles and chronic stressors: Conceptual and measurement issues. Stress Health
1999, 15, 89–101. [CrossRef]

10. Barling, J.; Kelloway, E.K.; Frone, M.R. Handbook of Work Stress; Sage Publications: Thousand Oaks, CA,
USA, 2004.

11. Marinaccio, A.; Ferrante, P.; Corfiati, M.; Di Tecco, C.; Rondinone, B.M.; Bonafede, M.; Ronchetti, M.;
Persechino, B.; Iavicoli, S. The relevance of socio-demographic and occupational variables for the assessment
of work-related stress risk. BMC Public Health 2013, 13, 1157. [CrossRef] [PubMed]

12. Mauno, S.; Ruokolainen, M.; Kinnunen, U. Does aging make employees more resilient to job stress? Age as a
moderator in the job stressor-well-being relationship in three finnish occupational samples. Aging Mental
Health 2013, 17, 411–422. [CrossRef] [PubMed]

13. S, tefănescu-Mihăilă, R.O. Social investment, economic growth and labor market performance: Case
study—Romania. Sustainability 2015, 7, 2961–2979. [CrossRef]

http://dx.doi.org/10.1136/oem.59.1.67
http://www.ncbi.nlm.nih.gov/pubmed/11836475
http://dx.doi.org/10.5271/sjweh.3390
http://www.ncbi.nlm.nih.gov/pubmed/24108310
http://dx.doi.org/10.1097/PSY.0000000000000183
http://www.ncbi.nlm.nih.gov/pubmed/25967356
http://dx.doi.org/10.1007/s00420-014-0982-1
http://www.ncbi.nlm.nih.gov/pubmed/25261316
http://dx.doi.org/10.1017/S0033291707000414
http://www.ncbi.nlm.nih.gov/pubmed/17407618
http://dx.doi.org/10.1026/0012-1924.45.1.8
http://dx.doi.org/10.1026/0943-8149.12.1.11
http://dx.doi.org/10.1002/smi.2425
http://www.ncbi.nlm.nih.gov/pubmed/22396064
http://dx.doi.org/10.1002/(SICI)1099-1700(199904)15:2&lt;89::AID-SMI789&gt;3.0.CO;2-O
http://dx.doi.org/10.1186/1471-2458-13-1157
http://www.ncbi.nlm.nih.gov/pubmed/24325192
http://dx.doi.org/10.1080/13607863.2012.747077
http://www.ncbi.nlm.nih.gov/pubmed/23215801
http://dx.doi.org/10.3390/su7032961


Int. J. Environ. Res. Public Health 2017, 14, 1325 12 of 13

14. Hapke, U.; Maske, U.; Scheidt-Nave, C.; Bode, L.; Schlack, R.; Busch, M. Chronic stress among
adults in germany: Results of the german health interview and examination survey for adults (degs1).
Bundesgesundheitsblatt-Gesundheitsforschung-Gesundheitsschutz 2013, 56, 749–754. [CrossRef] [PubMed]

15. Froneberg, B.; Timm, S. Country Profile of Occupational Health System in Germany; WHO Regional Office
for Europe: Copenhagen, Denmark, 2012.

16. Pidgeon, A.M.; McGrath, S.; Magya, H.B.; Stapleton, P.; Lo, B.C. Psychosocial moderators of perceived stress,
anxiety and depression in university students: An international study. Open J. Soc. Sci. 2014, 2, 23. [CrossRef]

17. Tavolacci, M.P.; Ladner, J.; Grigioni, S.; Richard, L.; Villet, H.; Dechelotte, P. Prevalence and association
of perceived stress, substance use and behavioral addictions: A cross-sectional study among university
students in france, 2009–2011. BMC Public Health 2013, 13, 724. [CrossRef] [PubMed]

18. Bewick, B.; Koutsopoulou, G.; Miles, J.; Slaa, E.; Barkham, M. Changes in undergraduate students’
psychological well-being as they progress through university. Stud. Higher Educ. 2010, 35, 633–645. [CrossRef]

19. Vaez, M.; Kristenson, M.; Laflamme, L. Perceived quality of life and self-rated health among first-year
university students. Soc. Indic. Res. 2004, 68, 221–234. [CrossRef]

20. Stewart-Brown, S.; Evans, J.; Patterson, J.; Petersen, S.; Doll, H.; Balding, J.; Regis, D. The health of students
in institutes of higher education: An important and neglected public health problem? J. Public Health 2000,
22, 492–499. [CrossRef]

21. Hammen, C.; Dalton, E.D.; Thompson, S.M. Measurement of chronic stress. In Encyclopedia of Clinical
Psychology; Wiley-Blackwell: Hoboken, NJ, USA, 2015.

22. Petrowski, K.; Paul, S.; Albani, C.; Brähler, E. Factor structure and psychometric properties of the trier
inventory for chronic stress (tics) in a representative german sample. BMC Med. Res. Methodol. 2012, 12, 42.
[CrossRef] [PubMed]

23. Heinrich, S.; Peters, A.; Kellberger, J.; Ellenberg, D.; Genuneit, J.; Nowak, D.; Vogelberg, C.; von Mutius, E.;
Weinmayr, G.; Radon, K. Study on occupational allergy risks (solar II) in germany: Design and methods.
BMC Public Health 2011, 11, 298. [CrossRef] [PubMed]

24. Weiland, S.; Björkstén, B.; Brunekreef, B.; Cookson, W.; Von Mutius, E.; Strachan, D. Phase ii of the
international study of asthma and allergies in childhood (ISAAC II): Rationale and methods. Eur. Respir. J.
2004, 24, 406–412. [CrossRef] [PubMed]

25. Wolf, C. The isco-88 international standard classification of occupations in cross-national survey research.
Bull. Sociol. Methodol. 1997, 54, 23–40.

26. Hubbard, A.E.; Ahern, J.; Fleischer, N.L.; Van der Laan, M.; Lippman, S.A.; Jewell, N.; Bruckner, T.;
Satariano, W.A. To gee or not to gee: Comparing population average and mixed models for estimating
the associations between neighborhood risk factors and health. Epidemiology 2010, 21, 467–474. [CrossRef]
[PubMed]

27. Touloumis, A.; Agresti, A.; Kateri, M. Gee for multinomial responses using a local odds ratios
parameterization. Biometrics 2013, 69, 633–640. [CrossRef] [PubMed]

28. Zorn, C.J. Generalized estimating equation models for correlated data: A review with applications. Am. J.
Political Sci. 2001, 45, 470–490. [CrossRef]

29. Team, R.C. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing:
Vienna, Austria, 2014.

30. White, I.R.; Royston, P.; Wood, A.M. Multiple imputation using chained equations: Issues and guidance for
practice. Stat. Med. 2011, 30, 377–399. [CrossRef] [PubMed]

31. Little, R.J.; Rubin, D.B. Statistical Analysis with Missing Data; John Wiley & Sons: Hoboken, NJ, USA, 2014.
32. Lourenço, S.; Carnide, F.; Benavides, F.G.; Lucas, R. Psychosocial work environment and musculoskeletal

symptoms among 21-year-old workers: A population-based investigation (2011–2013). PLoS ONE 2015,
10, e0130010. [CrossRef] [PubMed]

33. Macan, T.H.; Shahani, C.; Dipboye, R.L.; Phillips, A.P. College students’ time management: Correlations
with academic performance and stress. J. Educ. Psychol. 1990, 82, 760. [CrossRef]

34. Misra, R.; McKean, M. College students’ academic stress and its relation to their anxiety, time management,
and leisure satisfaction. Am. J. Health Stud. 2000, 16, 41.

35. Regehr, C.; Glancy, D.; Pitts, A. Interventions to reduce stress in university students: A review and meta-analysis.
J. Affect. Disord. 2013, 148, 1–11. [CrossRef] [PubMed]

http://dx.doi.org/10.1007/s00103-013-1690-9
http://www.ncbi.nlm.nih.gov/pubmed/23703494
http://dx.doi.org/10.4236/jss.2014.211004
http://dx.doi.org/10.1186/1471-2458-13-724
http://www.ncbi.nlm.nih.gov/pubmed/23919651
http://dx.doi.org/10.1080/03075070903216643
http://dx.doi.org/10.1023/B:SOCI.0000025594.76886.56
http://dx.doi.org/10.1093/pubmed/22.4.492
http://dx.doi.org/10.1186/1471-2288-12-42
http://www.ncbi.nlm.nih.gov/pubmed/22463771
http://dx.doi.org/10.1186/1471-2458-11-298
http://www.ncbi.nlm.nih.gov/pubmed/21569314
http://dx.doi.org/10.1183/09031936.04.00090303
http://www.ncbi.nlm.nih.gov/pubmed/15358699
http://dx.doi.org/10.1097/EDE.0b013e3181caeb90
http://www.ncbi.nlm.nih.gov/pubmed/20220526
http://dx.doi.org/10.1111/biom.12054
http://www.ncbi.nlm.nih.gov/pubmed/23724948
http://dx.doi.org/10.2307/2669353
http://dx.doi.org/10.1002/sim.4067
http://www.ncbi.nlm.nih.gov/pubmed/21225900
http://dx.doi.org/10.1371/journal.pone.0130010
http://www.ncbi.nlm.nih.gov/pubmed/26076365
http://dx.doi.org/10.1037/0022-0663.82.4.760
http://dx.doi.org/10.1016/j.jad.2012.11.026
http://www.ncbi.nlm.nih.gov/pubmed/23246209


Int. J. Environ. Res. Public Health 2017, 14, 1325 13 of 13

36. McHugh, M.D.; Kutney-Lee, A.; Cimiotti, J.P.; Sloane, D.M.; Aiken, L.H. Nurses’ widespread job dissatisfaction,
burnout, and frustration with health benefits signal problems for patient care. Health Aff. 2011, 30, 202–210.
[CrossRef] [PubMed]

37. Blegen, M.A. Nurses’ job satisfaction: A meta-analysis of related variables. Nurs. Res. 1993, 42, 36–41.
[CrossRef] [PubMed]

38. Scheidt-Nave, C.; Kamtsiuris, P.; Gößwald, A.; Hölling, H.; Lange, M.; Busch, M.A.; Dahm, S.; Dölle, R.;
Ellert, U.; Fuchs, J. German health interview and examination survey for adults (degs)-design, objectives
and implementation of the first data collection wave. BMC Public Health 2012, 12, 730. [CrossRef] [PubMed]

39. De Smet, P.; Sans, S.; Dramaix, M.; Boulenguez, C.; De Backer, G.; Ferrario, M.; Cesana, G.; Houtman, I.;
Isacsson, S.; Kittel, F. Gender and regional differences in perceived job stress across europe. Eur. J. Public Health
2005, 15, 536–545. [CrossRef] [PubMed]

© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1377/hlthaff.2010.0100
http://www.ncbi.nlm.nih.gov/pubmed/21289340
http://dx.doi.org/10.1097/00006199-199301000-00007
http://www.ncbi.nlm.nih.gov/pubmed/8424066
http://dx.doi.org/10.1186/1471-2458-12-730
http://www.ncbi.nlm.nih.gov/pubmed/22938722
http://dx.doi.org/10.1093/eurpub/cki028
http://www.ncbi.nlm.nih.gov/pubmed/16037076
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Population 
	Occupational Status and Job Groups 
	Sociodemographics Covariates 
	Non-Job-Related Chronic Stress 
	Work-/University-Related Chronic Stress as Outcome 
	Statistical Analysis 

	Results 
	Descriptives 
	GEE Models 

	Discussion 
	Conclusions 

