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Abstract
Based on assumptions of the Job Demands-Resources model, we investigated employees’ willingness to use prescription drugs
such as methylphenidate and modafinil for nonmedical purposes to enhance their cognitive functioning as a response to strain
(i.e., perceived stress) that is induced by job demands (e.g., overtime, emotional demands, shift work, leadership responsibility).
We also examined the direct and moderating effects of resources (e.g., emotional stability, social and instrumental social support)
in this process. We utilized data from a representative survey of employees in Germany (N = 6454) encompassing various job
demands and resources, levels of perceived stress, and willingness to use nonmedical drugs for performance enhancement
purposes. By using Structural Equation Models, we found that job demands (such as overtime and emotional demands) and a
scarcity of resources (such as emotional stability) increased strain, consequently directly and indirectly increasing the willingness
to use prescription drugs for cognitive enhancement. Moreover, emotional stability reduced the effect of certain demands on
strain. These results delivered new insights into mechanisms behind nonmedical prescription drug use that can be used to prevent
such behaviour and potential negative health consequences.
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Introduction

In the last decades, processes such as digitalization,
flexibilization, and the expansion of the service sector have
significantly transformed the work environment (e.g., Brühl &

Sahakian, 2016; Fink, 2016; Siegrist, 2016). Consequently,
the nature of jobs and work demands has changed. While
physical demands seem to decline, cognitive and emo-
tional demands as well as work pressure have increased
(Fink, 2016).

High work demands are known for causing stress in indi-
viduals (i.e., strain, which is the psychological and physiolog-
ical response to those stressors (Siegrist, 2002)). This provokes
different negative consequences such as job dissatisfaction,
mental and physical health problems, absenteeism, or produc-
tivity losses (Barnes & Zimmerman, 2013; Siegrist, 2016;
Tecco et al., 2013). Thereby, these stressors have negative im-
pacts across indivdiuals, the economy, and society as a whole.

Because many jobs require high levels of concentration,
wakefulness, and cognitive functioning, the strain they induce
leads to depleted cognitive capacity (cf., Brühl & Sahakian,
2016; Sattler, 2019). If stress-buffering personal resources
such as social support or self-efficacy are limited, some indi-
viduals might relieve or reduce their strain by using sub-
stances such as alcohol (Frone, 2016; Lo et al., 2014;
Ruisoto et al., 2017; Unrath et al., 2012) or by engaging in
physical activity (Brand et al., 2020; Gerber et al., 2015;
Gudmundsson et al., 2015; Lindegård et al., 2015).
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A newer way to deal with cognitive requirements and strain
are prescription drugs that are usually prescribed to treat dis-
eases such as attention-deficit hyper-activity disorder or nar-
colepsy. These drugs include substances such as modafinil
(e.g., Provigil), methylphenidate (e.g., Ritalin), or
Amphetamine-Dextroamphetamine (e.g., Adderall). But
indivudals also use them without prescription with the inten-
tion to counteract their sleepiness and exhaustion, or to im-
prove their memory and concentration (Greely et al., 2008;
Smith & Farah, 2011). However, studies and subsequent
meta-analyses show that potential enhancement effects are
often limited (Repantis et al., 2010; Smith & Farah, 2011;
Weyandt et al., 2018). Moreover, user expectations seem to
partially exceed the actual effects.

Indeed, while the expectation that the nonmedical use of
prescription drugs for cognitive enhancement (NMUPD-CE)
improves one’s capacities or helps in coping with strain seems
widespread (DeSantis et al., 2008; Vargo & Petróczi, 2016;
Zohny, 2015), the users of such drugs risk side effects. These
side effects include headaches, insomnia, hypertension, addic-
tion, or personality changes (Winder-Rhodes et al., 2010).

Not only have the concerns about side effects sparked eth-
ical debates. Scholars are also apprehensive about the poten-
tial costs for the healthcare system, indirect pressure to use
such drugs to keep up with others, and unfair advantages if
some people engage in the NMUPD-CE to compete for per-
sonal gain (Racine et al., 2021; Dubljević, 2014; Greely et al.,
2008; Schleim & Quednow, 2017).

While this debate is ongoing, we still do not know the exact
prevalence of the use of NMUPD-CE in the general popula-
tion. Existing prevalence rates estimates vary greatly across
studies. Comparisons between studies are difficult due to dif-
ferent populations researched, definitions applied for
NMUPD-CE, and measures used (Sattler, 2016; Smith &
Farah, 2011). For example, a large-scale, online cross-
sectional study with a non-random sample via media outlets
in 15 western countries found the United States to have the
highest self-reported 12-month prevalence for NMUPD-CE
(2015: 18.7%; 2017: 21.6%) (Maier et al., 2018). This study
also found that the prevalence increased in almost all countries
during the observation period, although different participants
were investigated during the two time points and the results
might reflect a self-selected sample. In Germany, the country
in which we conducted our study, the prevalence increased
but from amuch lower baseline; it was 1.5% in 2015 and 3.0%
in 2017.

The findings from the aforementioned international study
lie in the range of prevalence data from other studies on the
general and working population in Germany. Different meth-
odologies (partially including other substances than prescrip-
tion drugs) revealed a life-time prevalence rate varying be-
tween 1.5% and 12.1% (DAK, 2009; Hoebel et al.,
2011; Marschall et al., 2015; Sattler & Schunck, 2016).

However, respondents’ willingness to use drugs for cognitive
enhancement seems to generally exceed the prevalence
(Marschall et al., 2015; Sattler & Schunck, 2016). Possible
reasons include lower sensitivity of willingness measures,
but also not everyone willing to use them might have had an
opportunity or access to the drugs.

While research on this topic is gaining traction, the etiology
behindNMUPD-CE among employees has hardly been inves-
tigated. However, first research in students provides evidence
for a relationship between strain and the nonmedical use of
prescription drugs for cognitive enhancement (NMUPD-CE)
(e.g., Ponnet et al., 2015; Sattler, 2019). Still, only few studies
have investigated this phenomenon in the working population
(e.g., Schröder et al., 2015; Wiegel et al., 2016). Existing
research on the relationship with stress has been criticized.
The criticism spans fromresearch that is mainly descriptive
or correlational, to an “improper temporal ordering of mea-
sures (e.g., correlating stress levels measured over a period of
12 months with lifetime drug use)”, to the use of convenience
samples (Sattler, 2019, 2). Moreover, studies commonly lack
a theoretical background or do not consider more complex
mediating and moderating processes between stressors, indi-
vidual resources, strain, and NMUPD-CE. Thus, prevention
and intervention strategies lack valid information about the
causes of NMUPD-CE.

Therefore, this paper aims to add to the theory-guided re-
search on stressor-related influences on the use of NMUPD-
CE. Thereby, this paper tests how different job demands and
resources influence an employee’s experience of strain. Based
on a modified version of the Job Demands-Resources (JD-R)
model (Demerouti et al., 2001), we examined how these fac-
tors directly and indirectly affect the willingness to cope with
strain by instrumentalizing prescription drugs for enhance-
ment. We used a large-scale, randomly selected sample of
employees in Germany to improve our understanding of this
phenomenon.

A Modified Job Demands-Resources Model to
Understand the Nonmedical Use of Prescription Drugs
for Cognitive Enhancement

The JD-R model is an influential model that explains the in-
terplay and effects of conditions in the workplace on different
outcomes such as burnout, poor health, sickness, absence,
weak performance, or substance use (Bakker & Demerouti,
2014; Crawford et al., 2010; Demerouti et al., 2001; Schaufeli,
2017; Schaufeli & Taris, 2014). These conditions at work can
be objective demands (i.e., stressors) or subjective strain (i.e.,
perceived stress). Social, organizational, and personal re-
sources are also considered in the JD-R model. The model is
flexible and dynamic in nature, in that it is adaptable to other
problems (Schaufeli & Taris, 2014) and has been validated
both with cross-sectional (Bakker & Demerouti, 2014;
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Schaufeli, 2017) and longitudinal data (Brauchli et al., 2013;
Schaufeli et al., 2009; Upadyaya et al., 2016).

We adapt the model by incorporating strain as a conse-
quence of demands (cf. Schaufeli & Taris, 2014) to better
understand variation in employees’ willingness for the
NMUPD-CE (see Fig. 1). We expect that demands affect
NMUPD-CE – at least partly mediated via strain – whereas
resources buffer the effects of demands on strain. Resources
are also expected to extert indirect effects on NMUPD-CE via
strain as well as direct effects. In the following, we will elab-
orate on this model, its predictions, and relevant evidence.

Demands include physical, social, or organizational aspects of
a job1 such as long working hours, shift work, emotional de-
mands, job insecurity, or leadership responsibility (Demerouti
et al., 2001; Hu et al., 2011; Schaufeli & Taris, 2014).2 Prior
research suggests positive associations between demands like
working hard, highly consequential work, and NMUPD for en-
hancing cognition or mood (Marschall et al., 2015). Moreover,
NMUPD-CE was connected to the exposure to psychological
demands, the quantitative extent of work requirements, shift
work, job insecurity, poor labor market opportunities, and
experiencing negative workdays (Schröder et al., 2015). A neg-
ative work atmosphere increased the risk of taking prescription
drugs (e.g., antidepressants, benzodiazepines, analgesics, and
stimulants) (Traweger et al., 2004), although this study did not
focus on enhancement purposes.

The effect of demands on NMUPD-CE can be understood
by considering the empirically well-supported effects of the
types of demands on different indicators of strain (e.g., fa-
tigue, irritability, or exhaustion) (Pluut et al., 2018; Schaufeli
& Taris, 2014; Schröder et al., 2015). For example, workload
and emotional demands are related to burnout (Vander Elst
et al., 2016), while job insecurity is associated with distress
and strain (De Witte et al., 2016). Conversely, supervisors
may have greater responsibilities, pressure, and workload,
but they may perceive less stress due to greater control of their
work (Sherman et al., 2012). Demands can act as stressors and
cause strain (Hockey, 1997; Schaufeli et al., 2009) because
increasing demands require additional compensatory mental
effort to maintain a consistent performance level. The physi-
ological and psychological costs of more effort can manifest
as strain (Bakker et al., 2003b).

People respond to demands and strain differently. For
example, they may avoid the stressor (Stephenson et al.,
2016). Others may use different coping methods with the
intention of maintaining high performance levels. This
can be done by managing the demands (e.g., busy sched-
ules) to reduce the associated costs of the extra effort
(e.g., mental capacity) or to counteract strain and its neg-
ative consequences (Maier et al., 2015; Riddell et al.,
2018; Wolff et al., 2014). Using NMUPD-CE drugs with
the perceived possibility of increasing or maintaining
alertness, concentration, and wakefulness are such coping
methods. Thus, in line with the self-medication hypothe-
sis and drug instrumentalization theory, individuals
instrumentalize drugs while accepting or ignoring associ-
ated health-risks (Khantzian, 1997; Müller & Schumann,
2011; Sattler & Wiegel, 2013).

Fig. 1 An Adapted Job Demands-Resources Model to Understand
Willingness to Engage in Nonmedical Use of Prescription Drugs for
Cognitive Enhancement. Notes: Each arrow refers to one of the hypoth-
eses (H) described in the text. Signs in parentheses indicate the expected

direction of the effect. The italicized hypotheses denote mediation effects
of demands (H4) and resources (H7) on the nonmedical use of prescrip-
tion drugs for cognitive enhancement via strain

1 Demands can be clustered into 1) hindrance demands, e.g., shift work, which
hinder personal growth and 2) challenge demands, e.g., responsibility, that can
lead to personal growth. However, this distinction is not oftenmade (Crawford
et al., 2010).
2 Physical demands that are often considered will be excluded here, because
they are not assumed to influence NMUPD-CE.
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Research descriptively exploring employees’ reasons for
using NMUPD-CE suggests instrumental motivations, which
can be interpreted as reactions to demands and strain. These
motives can take the form of wanting to be able to relax after a
stressful day at work, enhancing one’s cognitive ability, im-
proving sleep, easing and keeping up with the workload, and/
or having enough energy for private life (Maier et al., 2016;
Marschall et al., 2015; Schröder et al., 2015). Some of the
motives seem to target strain, while others more directly refer
to dealing with upstream demands. Therefore, job perfor-
mance maintenance under increasingly demanding and
strain-inducing situations as well as enhancement are a rele-
vant motive for NMPUD-CE. Moreover, qualitative inter-
views with users in highly demanding jobs support the
instrumentalization argument (Schröder et al., 2015).
Correlational research in different populations including em-
ployees and students suggests a positive relationship between
frequent or chronic stress and NMUPD-CE (Maier et al.,
2015; Sattler, 2019). Work-related stress was also associated
with higher NMUPD-CE willingness (Wiegel et al., 2016).

Despite robust patterns between demands and NMUPD-CE,
some studies found no statistically significant relationship be-
tween demands such as time pressure (Maier et al., 2015), tem-
porary contracts, or more working hours (Marschall et al., 2015)
and NMUPD-CE. One study even found a negative association
with leadership responsibility (Marschall et al., 2015). While we
know of no studies on NMUPD-CE that investigated the medi-
ating effects of strain, some included demand and strainmeasures
simultaneously (Maier et al., 2015). Some studies on other sub-
stances indicated that strain might be the mechanism behind the
positive relationship between demands and substance use
(Barnes & Zimmerman, 2013; Wiesner et al., 2005).

Although strain might be an important mediator, we still
expect an additional direct effect of demands on NMUPD-CE
willingness. This direct effect might be due to employees try-
ing to manage demands to prevent strain, for example, by
foreseeing the negative consequences of demands, meeting
the needs or pressures of a demanding job, or ensuring suffi-
cient performance (Hockey, 1997).

Next to demands and strain, resources for a job are another
important constituent of the JD-Rmodel. Resources can either
be internal (i.e., cognitive features or action patterns such as
emotional stability3) or external (e.g., job autonomy, instru-
mental, or emotional social support) (Crawford et al., 2010;
Schaufeli et al., 2009; Schaufeli & Taris, 2014). Because re-
sources foster work engagement and motivation (Crawford
et al., 2010; Demerouti et al., 2001; Schaufeli, 2017), it can
be assumed that employees with high resources show higher

intrinsic work motivation. Employees with more resources
and higher intrinsic work motivation might be less likely to
engage in NMUPD-CE use since doing so might undermine
the sense of personal achievement and satisfaction from mas-
tering tasks (cf. Midgley & Urdan, 2001). Moreover, suffi-
cient resources enable the achievement of life goals, coping
with problems, or general well-being (Wiegel et al., 2016).
Conversely, employees with insufficient resources might
search for NMUPD-CE to instrumentally compensate for
these deficiencies.

Few studies have investigated the direct effects of re-
sources in the job context. While some studies found no asso-
ciations of NMUPD-CE with resources such as social support
by colleagues, leadership quality, or decision-making power
(Schröder et al., 2015), some found negative associations
(Wiegel et al., 2016). Moreover, some studies on other sub-
stances supported a direct link between substance use and
resources (Zhang & Snizek, 2003), while others found no
support but assumed that an indirect effect via strain explains
this connection better (Peck et al., 2018; Sapp et al., 2010).

Resources can protect from strain by reducing health impair-
ment and burnout (Bakker et al., 2010a, b; Crawford et al., 2010;
Vander Elst et al., 2016) and therefore increase well-being. For
example, social support is not only activated when strain is high,
but it helps individuals to experience less strain a priori
(Viswesvaran et al., 1999). Resources have been found to lower
exhaustion-type strain (Schaufeli & Taris, 2014), and also other
negative outcomes of demands such as burnout (Brauchli et al.,
2013; Hu et al., 2011; Schaufeli, 2017).

Moreover, resources can help in challenging situations and
mitigate the effect of demands on strain by bufferingthe ef-
fects of demands as stress coping methods (Vander Elst et al.,
2016; Tadić et al., 2015; Schaufeli & Taris, 2014; Pomaki
et al., 2010). Findings for this moderating role of resources
are mixed (Schaufeli, 2017). For example, it was found that
certain resources mitigate the impact of job demands on strain
and burnout (Bakker & Demerouti, 2014; Bakker et al.,
2010b; Jonge & Dormann, 2006; Vander Elst et al., 2016;
Viswesvaran et al., 1999). However, other studies reveal only
small (Hu et al., 2011; Pomaki et al., 2010; Tadić et al., 2015)
or no buffering effects (Bakker et al., 2004; Crawford et al.,
2010). Some argue that this is due to suboptimal measure-
ments (Hu et al., 2011) or because the primary role of re-
sources is the direct reduction of strain rather than alleviating
the effects of demands with strain (Viswesvaran et al., 1999).
Thus, further research is needed.

In sum, we predict that:

(H1) Demands are positively associated with the
NMUPD-CE willingness.
(H2) Demands are positively associated with strain.
(H3) Strain is positively associated with the NMUPD-CE
willingness.

3 A recent literature review on the JD-R model identified indicators of emo-
tional stability as personal resources that can affect the perception of job
characteristics and thereby impact job satisfaction and performance
(Schaufeli & Taris, 2014).
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(H4) Demand effects are partially mediated by strain.
(H5) Resources are negatively associated with the
NMUPD-CE willingness.
(H6) Resources are negatively associated with strain.
(H7) Effects of resources on theNMUPD-CEwillingness
are partially mediated by strain.
(H8) Resources reduce the positive association between
demands and strain.

Methods

Data and Population

We used data from the first wave of the Linked Employer-
Employee Panel Survey (LEEP-B3) (Diewald et al., 2014).
The data were collected via computer-assisted telephone inter-
views among employees in Germany who were subject to social
security contribution (i.e., the majority of employees in
Germany) and who were working in large firms (minimum
500 employees). This sampling frame only excluded self-
employed, marginally employed, apprentices, civil servants,
and all employees of smaller companies. From the net sample
(21,678), a total sample of 6454 individuals (response rate:
29.77%) were interviewed. Selectivity analyses with German
registry data indicate a generally good representation of the un-
derlying population, but a slight overrepresentation of German
nationals and workers in the information and communication
sector, and a slight underrepresentation of people with lower
education and those working in very large organizations
(Diewald et al., 2014). The study and all procedures have been
approved by the security officer of the Federal Institute for
Employment Research and the Federal Ministry of Labor and
Social Affairs (see detailed Ethics Statement in Appendix 1).

Measures

Willingness to Use Prescription Drugs Nonmedically
for Cognitive Enhancement

Respondents indicated their willingness to use prescription drugs
to support their cognitive abilities (e.g., for increasing concentra-
tion, memory, or vigilance) without medical necessity with the
response options “No, I would never/under any circumstances do
this (again)” (0) or “Yes, I would do it (again) under certain
circumstances” (1) (see Table 1 for descriptive statistics of this
and other variables; cf. Wiegel et al., 2016). Such measures of
willingness have several advantages: they deliver insights about
relatively new phenomena (which is the case for NMUPD-CE)
and they can be used to explore trends (Farah et al., 2004; Sattler
& Schunck, 2016). They are also frequently used to investigate
substance use and misuse as proximal antecedents of future

behaviour (Gibbons et al., 1998b) since they show high correla-
tions with behaviour (Beck & Ajzen, 1991) but avoid problems
of causal ordering in cross-sectional data that use prior behaviour
as a dependent variable.4 Moreover, they are less sensitive than
asking about prior deviant behaviour and fewer refusals or inac-
curate answers can be expected (Gibbons et al., 1998a, b). In our
case, only 122 answers (1.89%) were missing.We ranmultilevel
models to examine the variation of willingness of NMUPD-CE
across occupations (ISCO-08), organizations and branches, but
found only very little intraclass-correlations (ICCoccupations <
0.001, ICCorganizations = 0.002, ICCbranches < 0.001). Thus, we do
not elaborate further on this.

Strain

Strain was assessed using the work-family conflict subscale
for strain-based conflict (Carlson et al., 2000). This strain
measure captures interrole conflicts produced by the incom-
patibility of demands in work and private life (Greenhaus &
Beutell, 1985) represented by three items (exemplary item:
“Due to all the pressures at work, sometimes when I come
home, I am too stressed to do the things I enjoy.”).
Response options ranged from “does not apply at all” (1) to
“applies completely” (5). Cronbach’s α was 0.78 and re-
sponses were averaged. According to Matthews et al.
(2010), a shorter version of the initial scale is sufficiently valid
and reliable, and replicates the results of the long version.

Demands

Agreed working time (per week) and overtime (as the differ-
ence between agreed and actual working time per week) mea-
sured the workload.

Shift work defined as non-standard working hours was
assessed by asking whether the respondents’ work schedules
include shift work (no/yes) and if yes, how often (sometimes/
regularly/always). We recoded “no” and “sometimes” an-
swers into (0) and all other responses into (1).

Emotional demands were assessed using two questions on
how often employees have felt wrongly criticized or harassed
by either colleagues or supervisors. Response options ranged
from “never” (1) to “always” (5). Responses were averaged
(Cronbach’s α = 0.61).

4 Despite the causality problems, we also estimated a model with a 12-month
prevalence measure of the NMUPD-CE (see Appendix Tables 4 and 5). It
reveals a statistically significant direct positive effect of higher strain on this
prevalence. Higher emotional demands are, however, surprisingly negatively
associated to this prevalence, whereby no association was found for overtime
and emotional stability. However, all indirect effects via strain from the
NMUPD-CE willingness model were also found. In the interaction model,
we found the two interaction effects from the NMUPD-CE willingness model
and an unexpected direct positive interaction effect of agreed working time and
emotional stability on the prevalence. Moreover, the direct negative associa-
tion of the NMUPD-CE with education becomes significant.
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Job insecurity was measured through the averaged values
of two questions about the perceived likelihood of losing the
job within two years (with response options “very unlikely”
(1) to “very likely” (5)) and long-term employment security
granted by the employer (“fully granted” (1) to “not at all
granted” (5); Cronbach’s α = 0.651).

Leadership responsibilitywas assessed by asking: “In your
position at work, do you supervise others, such as a team, a
larger group, or part of the business?” and response options
“no” (0) or “yes” (1).

Resources

Emotional stability, defined as a tendency to not experience neg-
ative emotions such as anxiety and depression (Caspi, 1998;
Terracciano et al., 2008), was measured with three items (exem-
plary item: “I see myself as someone who is relaxed and handles
stress well.”; response options: “I do not agree at all” (1) to “I

agree entirely” (5)) that were averaged (Cronbach’s α = 0.54)
(Gerlitz & Schupp, 2005; Rammstedt & John, 2005).

Job autonomy was measured on three dimensions: schedule,
method, and work criteria autonomy (Breaugh, 1985) with one
question per dimension (exemplary item: “Within my working
hours I have control over the sequencing of mywork activities.”;
response options: “not correct at all” (1) to “fully correct” (5)).
Responses were averaged (Cronbach’s α = 0.71).

Emotional social support was measured with an adapted
Burt-Generator (Burt, 1984) by asking respondents about the
number of people they can share personal thoughts and feel-
ings with or talk about things they do not typically share with
everyone, excluding their partner.

Instrumental social support captured support by the supervi-
sor and by colleagues (with one question each) in reconciling
responsibilities from work and private life. Response options
ranged from “not correct at all” (1) to “fully correct” (5).
Responses were averaged (Cronbach’s α = 0.40).

Table 1 Descriptive statistics

All No NMUPD-CE
Willingness

NMUPD-CE
Willingness

M (SD)/
Proportion
(in %)

Min/
Max

Min/Max
(stand-
ardized)

Obser-
vations

M (SD)/Proportion
(in %)

M (SD)/Proportion
(in %)

t

NMUPD-CE willingness 10.47 0/1 / 6332 / / /
Strain 2.53

(0.90)
1/5 −1.7/2.7 6454 2.50

(0.89)
2.79
(0.94)

−7.68***

Demands
Agreed working time 39.94

(9.71)
0/80 −1.7/2.5 6290 39.22

(9.56)
40.02
(9.72)

1.91

Overtime 4.73
(5.63)

0/40 −0.8/6.3 6177 4.75
(5.68)

4.48
(4.91)

1.17

Regular shift work 27.38 0/1 / 6441 27.16 27.31 −0.05
Emotional demands 1.87

(0.72)
1/5 −1.3/3.7 6453 2.00

(0.75)
1.86
(0.71)

−5.06***

Job insecurity 1.74
(0.89)

1/5 0.8/3.7 6444 1.83
(0.97)

1.72
(0.89)

−3.20***

Leadership responsibility 36.81 0/1 / 6443 35.74 37.08 0.51
Resources
Emotional stability 3.18

(0.74)
1/5 −3/2.5 6453 3.00

(0.74)
3.21
(0.74)

6.38***

Job autonomy 3.52
(0.99)

1/5 −2.6/1.5 6453 3.53
(0.99)

3.48
(0.98)

1.34

Emotional social support 2.73
(2.40)

0/41 −3.4/1.1 6408 2.75
(2.02)

2.72
(2.42)

−0.21

Instrumental social support 4.01
(0.88)

1/5 −1.1/16 6447 4.00
(0.90)

4.02
(0.87)

0.41

Controls
Female 46.59 0/1 / 6454 53.29 45.79 −3.52***
Age 40.63

(8.56)
19/52 −2.5/1.3 6454 40.99

(8.66)
40.58
(8.64)

−1.23

Years of education 14.08
(2.83)

7/18 −2.5/1.4 6408 13.98
(2.78)

14.09
(2.84)

0.91

Income (per hour) 8.05
(0.58)

4.5/11.7 −6/6.3 6136 8.02
(0.58)

8.06
(0.59)

1.69

NMUPD-CE Nonmedical use of prescription drugs for cognitive enhancement; N Number of observations; M Mean; SD Standard deviation;
Min Minimum; Max Maximum; t t-value of the t-test compares respondents with NMUPD-CE willingness of 0 and 1

*p < .05, **p < .01, ***p < .001 (two-tailed)
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Covariates

Evidence on sex differences in NMUPD-CE is inconclusive in
indicating higher engagement of men, women, or no differ-
ences at all (Marschall et al., 2015; Sattler & Schunck, 2016;
Schröder et al., 2015; Wiegel et al., 2016), and this also ap-
plies for responses to strain and substance use (Sattler, 2019;
Slopen et al., 2011). Men were coded “0” and women “1”.

Age-effects for NMUPD-CE are also heterogenous
(Marschall et al., 2015; Sattler & Schunck, 2016; Schröder
et al., 2015; Wiegel et al., 2016). However, cognitive stress and
mental health may vary with age and so do reactions to stressors
or demands (Antoniou et al., 2006). Age was assessed in years.

Education (in years) and income (i.e. personal gross monthly
earnings in euro) served as controls for socio-economic back-
ground. Studies have found that stress varies with socio-
economic background (Damaske et al., 2016; Kunz-Ebrecht
et al., 2004; Lunau et al., 2015), while results for associations
with substance use are inconclusive (Frone, 2006; Marschall
et al., 2015; Sattler & Schunck, 2016). However, better access
to NMUPD-CE has been assumed for individuals with more
income, and more knowledge about NMUPD-CE is expected
with higher education (Sahakian et al., 2015; Sattler et al., 2013).

Statistical Analysis

As with many other tests of the JD-R model (Bakker et al.,
2003a; b; Hu et al., 2011), we estimated direct, indirect, and
total effects in Structural Equation Models (with Stata/MP,
version 14.2) to assess the relationship between the various
job demands, resources, and NMUPD-CE willingness with
strain as a mediator. Such models are useful tools for testing
causal claims (Fox, 2002; Pearl, 2012) and mediation analysis
in comparison to the “three-regressions” approach proposed
by Baron and Kenny (1986; see Iacobucci et al., 2007).

Our major outcome variable (NMUPD-CE) was a binary
variable that is frequently analysed with non-linear probability
models (NLPM), while the linear probability models that we
used here can be interpreted more straightforwardly and avoid
the problems of NLPM (Breen et al., 2018; Kupek, 2005).5

We used bias-corrected bootstrapping with 1000 replications
as a common strategy for handling binary outcome variables

in structural equationmodeling which produces similar results
as other strategies (Bollen & Stine, 1992). In addition,
bootstrapping techniques are useful in dealing with biases in
mediation analysis using categorical and non-normally dis-
tributed data (Finney & DiStefano, 2006; MacKinnon et al.,
2004).

Due to missing information on all variables (e.g., because
of the sensitivity of NMUPD-CE), we used a Full Information
Maximum Likelihood (FIML) approach. It often delivers sim-
ilar results as imputation techniques (Collins et al., 2001).

As suggested by MacKinnon et al. (2004), we reported
direct, indirect and total effects of the mediation. To test in-
teraction effects and ease their interpretation, all non-binary
variables were mean-centered. For these tests, all possible
interactions between each demand and each resource on strain
or NMUPD-CE were tested step-wise (available upon re-
quest), while only interactions with p < 0.05 are shown in
the final model. Generally, significance was set at p < 0.05.

Results

Descriptively, we see that more than every tenth respondent
(10.47%) is willing to use prescription drugs for nonmedical
enhancement (see Table 1). Based on the Structural Equation
Models, column 2 in Table 2 shows that agreed working time,
overtime, shift work, emotional demands, job insecurity, lead-
ership responsibility (i.e. all demands), are positively associ-
ated with the mediator strain (supporting H2), whereas emo-
tional stability, job autonomy, emotional and instrumental so-
cial support (i.e. all resources), show negative associations
with strain (supporting H6). Moreover, women, older respon-
dents, and those with higher education reported more strain.
Income was unrelated to strain.

Column 3 shows that strain has a positive direct effect on the
NMUPD-CE willingness (supporting H3). Emotional demands
are the only demand-variable with a statistically significant pos-
itive direct effect (thus, support for H1 is weak). An increase by
one standard deviation increases the probability that respondents
report anNMUPD-CEwillingness by 1.31%. Surprisingly, over-
time shows an unexpected negative direct effect. Emotional sta-
bility is the only resource that directly reduces the NMUPD-CE
willingness (thus, indicating weak support for H5). The control
variables show no direct effect.

Column 4 reveals that all demands indirectly increase the
NMUPD-CE willingness through increasing strain
(supporting H4); the indirect effect for emotional demands
accounts for 22% of total effects and 22% for job insecurity.6

All resources show indirect negative effects through strain
(supporting H7); the indirect effect of emotional stability

5 Robustness of the results was tested in various ways (available upon re-
quest): bootstrapped estimations are similar to those without bootstrapping.
To consider the difficulty of handling dichotomous dependent variables in
structural equation modelling, we estimated generalized structural equation
modelling, different logistic, firthlogit, and linear probability multivariate re-
gressions models, which produced the same conclusions. Alternative
operationalization of variables (i.e., agreed working time categorized in
“part-time” vs. “full-time”; overtime measured using six categories ranging
from “daily” to “never”; and emotional social support measured as “no” vs. “at
least one person to talk to”; the frequency of shift-work with four categories;
the total number of persons for whom one is responsible) or using another
strain-measure (time-pressure) also suggested similar results.

6 The proportion of mediation is only reported if indirect and total effects are
statistically significant and not inconsistent.
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accounts for 32% of the total effect. Being a woman, higher in
age, and higher in education also increase the NMUPD-CE
willingness via strain.

Table 3 shows two statistically significant negative
interaction effects between demands and resources on
the mediating variable strain (revealing limited support
for H8); emotional stability seems to slightly buffer the
effects of overtime and leadership responsibility on
strain, while more neurotic respondents report more
strain the more overtime hours they work. When includ-
ing these interaction effects, the other effects seem to be
hardly affected. We also explored direct interaction ef-
fects on NMUPD-CE willingness but found no such
effects.

Discussion

Summary and Interpretation

While the work environment has changed in recent decades
and strain levels as well as mental health problems have in-
creased (Brühl & Sahakian, 2016; Fink, 2016; Siegrist, 2016;
Tecco et al., 2013), the causality between these changes in the
working population is not sufficiently understood. The use and
misuse of substances including alcohol is a known coping strat-
egy for strain (Frone, 2016; Ruisoto et al., 2017; Unrath et al.,
2012). However, little is known about NMUPD-CE among
employees, although first evidence on NMUPD-CE in the
workplace exists (Maier et al., 2018; Schröder et al., 2015).

Table 2 Direct, indirect and total effects of demands, resources, and strain as a mediator on the willingness to use prescription drugs nonmedically for
cognitive enhancement, based on Structural Equation Modeling with Full Information Maximum Likelihood (Number of observations = 6454)

Direct effects
on strain

Direct effects on
NMUPD-CE

Indirect effects on
NMUPD-CE via strain

Total effects

Strain 0.0236***
(0.0047)

0.0236***
(0.0047)

Demands
Agreed working time 0.1348***

(0.0149)
−0.0032
(0.0051)

0.0032***
(0.0008)

−0.0001
(0.0051)

Overtime 0.1621***
(0.0132)

−0.0080*
(0.0037)

0.0038***
(0.0008)

−0.0042
(0.0036)

Regular shift work 0.0798**
(0.0280)

−0.0088
(0.0098)

0.0019*
(0.0008)

−0.0069
(0.0098)

Emotional demands 0.1856***
(0.0129)

0.0131**
(0.0044)

0.0044***
(0.0009)

0.0175***
(0.0045)

Job insecurity 0.0743***
(0.0117)

0.0069
(0.0044)

0.0018***
(0.0004)

0.0086*
(0.0044)

Leadership responsibility 0.0835**
(0.0250)

0.0018
(0.0086)

0.0020**
(0.0007)

0.0037
(0.0086)

Resources
Emotional stability −0.2820***

(0.0124)
−0.0152**
(0.0045)

−0.0066***
(0.0014)

−0.0218***
(0.0043)

Job autonomy −0.0377**
(0.0127)

0.0003
(0.0039)

−0.0009*
(0.0003)

−0.0006
(0.0039)

Emotional social support −0.0245*
(0.0097)

0.0028
(0.0036)

−0.0006*
(0.0003)

0.0022
(0.0037)

Instrumental social support −0.1102***
(0.0123)

0.0065
(0.0041)

−0.0026***
(0.0006)

0.0039
(0.0040)

Controls
Female 0.2148***

(0.0260)
0.0156
(0.0089)

0.0051***
(0.0012)

0.0207*
(0.0089)

Age 0.0293*
(0.0118)

0.0028
(0.0042)

0.0007*
(0.0003)

0.0035
(0.0042)

Education 0.0690***
(0.0126)

−0.0049*
(0.0044)

0.0016***
(0.0004)

−0.0033*
(0.0044)

Income −0.0197
(0.0171)

0.0035
(0.0059)

−0.0005
(0.0004)

0.0031
(0.0059)

Constant −0.1543***
(0.0205)

0.0992***
(0.0069)

Bootstrap Standard Error (with 1000 repetitions); Chi2 referring to baseline vs. perfect model (degrees of freedom = 29) = 1858.18***; Root Mean
Square Error of Approximation (RMSEA) < 0.001; Coefficient of determination = 0.244

NMUPD-CE Nonmedical use of prescription drugs for cognitive enhancement

*p < .05, **p < .01, ***p < .001 (two-tailed)
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This study used data from a large representative sample of
employees in Germany to investigate the antecedents of
NMUPD-CE based on assumptions of the JD-R model. We
show that individuals with high job demands and low re-
sources experience more strain, whereby certain resources
buffer the effects of demands. Strain partially mediated the
effects of the demands on NMUPD-CE, while several direct
effects of demands and resources remained. By uncovering
these mechanisms behind the decision for or against
NMUPD-CE among employees this study adds valuable in-
formation to the existing literature. Additionally, it replicates
the core findings of the JD-R model and successfully

introduced it to the NMUPD-CE literature. Appendix
Table 6 provides a summary of the findings.

In line with prior research (De Witte et al., 2016; Pluut et al.,
2018; Schaufeli & Taris, 2014; Vander Elst et al., 2016), we
show that all job demands (i.e., agreed working time, overtime,
shift work, emotional demands, job insecurity, and leadership
responsibility) directly increased the strain level of employees
(H2). This finding also highlights the diverse nature of stressors
employees face, and it underlines that job dissatisfaction, mental
and physical health problems, absenteeism, or productivity losses
can have different origins (Barnes&Zimmerman, 2013; Siegrist,
2016; Tecco et al., 2013).

Table 3 Direct, indirect and total effects of demands, resources, their
interaction effects, and strain as a mediator on the willingness to use
prescription drugs nonmedically for cognitive enhancement, based on

Structural Equation Modeling with Full Information Maximum
Likelihood (Number of observations = 6454)

Direct effects on strain Direct effects
on NMUPD-CE

Indirect effects on
NMUPD-CE via strain

Total effects

Strain 0.0234***
(0.0047)

0.0234***
(0.0047)

Demands
Agreed working time 0.1326***

(0.0148)
−0.0035
(0.0051)

0.0039***
(0.0007)

−0.0004
(0.0051)

Overtime 0.1660***
(0.0134)

−0.0080*
(0.0038)

0.0039***
(0.0008)

−0.0041
(0.0037)

Regular shift work 0.0748**
(0.0280)

−0.0089
(0.0097)

0.0018*
(0.0007)

−0.0071
(0.0098)

Emotional demands 0.1853***
(0.0129)

0.0132**
(0.0044)

0.0043***
(0.0009)

0.0176***
(0.0045)

Job insecurity 0.0748***
(0.0117)

0.0068
(0.0044)

0.0017***
(0.0005)

0.0086*
(0.0044)

Leadership responsibility 0.0868***
(0.0250)

0.0022
(0.0087)

0.0020**
(0.0007)

0.0043
(0.0087)

Resources
Emotional stability −0.2551***

(0.0155)
−0.0119**
(0.0045)

−0.0060***
(0.0013)

−0.0179**
(0.0051)

Job autonomy −0.0377**
(0.0126)

0.0003
(0.0039)

−0.0009*
(0.0003)

−0.0006
(0.0039)

Emotional social support −0.0255**
(0.0096)

0.0027
(0.0036)

−0.0006*
(0.0003)

0.0021
(0.0036)

Instrumental social support −0.1092***
(0.0123)

0.0065
(0.0041)

−0.0026***
(0.0006)

0.0040
(0.0040)

Overtime*Emotional stability −0.0353**
(0.0111)

0.0007
(0.0033)

−0.0008**
(0.0003)

−0.0001**
(0.0034)

Leadership*Emotional stability −0.0670**
(0.0236)

−0.0086
(0.0082)

−0.0016*
(0.0006)

−0.0102*
(0.0082)

Controls
Female 0.2182***

(0.0259)
0.0157
(0.0089)

0.0051***
(0.0012)

0.02088*
(0.0035)

Age 0.0304*
(0.0118)

0.0028
(0.0042)

0.0007*
(0.0003)

0.0035
(0.0042)

Education 0.0681***
(0.0126)

−0.0049
(0.0044)

0.0016**
(0.0004)

−0.0033+
(0.0044)

Income −0.0151
(0.0170)

0.0039
(0.0059)

−0.0004
(0.0004)

0.0035
(0.0059)

Constant −0.1497***
(0.0204)

0.0995***
(0.0068)

Bootstrap Standard Error (with 1000 repetitions); Chi2 referring to baseline vs. perfect model (degrees of freedom = 33) = 1883.70***; Root Mean
Square Error of Approximation (RMSEA) < 0.001; Coefficient of determination = 0.247

NMUPD-CE Nonmedical use of prescription drugs for cognitive enhancement

*p < .05, **p < .01, ***p < .001 (two-tailed)
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Strain was associated with an elevated NMUPD-CE will-
ingness (H3). This is in accordance with the assumption and
empirical findings that students and employees risk health im-
pairments by utilizing NMUPD-CE to cope with strain (Sattler,
2019; Wiegel et al., 2016). However, only emotional demands
were directly associated with a higher NMUPD-CEwillingness
– providing limited support for H1. Also, prior research is
ambiguous regarding such direct demand-effects (Maier et al.,
2015; Marschall et al., 2015; Schröder et al., 2015). One inter-
pretation is that research needs to consider subjective assess-
ments of stress in addition to or instead of objective measures,
as individuals cognitively appraise stressors in various ways
(Agnew, 2013; Barbieri & Connell, 2017; LeBlanc, 2009;
Sattler, 2019). That is, identical stressors can be perceived dif-
ferently across individuals and thus bear different conse-
quences. There are also indications that subjective measures
are more precise and meaningful in predictions models
(Agnew, 2013; Barbieri & Connell, 2017). Our results suggest
that respondents who perceive more stress hope that NMUPD-
CE is sufficient to help them copewith their strain and therefore
increase or maintain their cognitive performance. This aligns
with descriptive research on the motives of NMUPD-CE users
(Maier et al., 2016; Marschall et al., 2015; Schröder et al.,
2015), and also research showing that such drug use can in fact
increase cognitive performance (Caviola & Faber, 2015).

In support of H4, our study shows that all demands have an
indirect positive relationship via strain with the NMUPD-CE
willingness. Thus far, no study has examined a potential mediat-
ing effect of strain between demands and NMUPD-CE. Our
finding, therefore, provides a better understanding of how de-
mands and strain are related to NMUPD-CE, but also shows that
demands need to be subjectively experienced as strenuous to
cause an effect, as explained previously. The only unexpected
exception is an inverse relationship between overtime and the
NMUPD-CE willingness. However, one reason for this might
be that working overtime is an alternative method to achieve
work goals without the use of external help such as substances.

We were able to replicate a common finding that internal
(i.e., emotional stability) and external resources (i.e., job au-
tonomy, emotional and instrumental social support) can di-
rectly reduce the effects of demands on strain (H6; Brauchli
et al., 2013; Hu et al., 2011; Schaufeli, 2017; Schaufeli &
Taris, 2014). But there was only limited support for a
demand-buffering effect of resources on strain (H8). This is
also in line with prior research (Crawford et al., 2010; Hu
et al., 2011; Tadić et al., 2015; Wiegel et al., 2016). Out of
24 possible interaction effects, only emotional stability seems
to buffer the negative effects of working hours and leadership
responsibility.

Additionally, emotional stabilitywas the only resource reveal-
ing the expected direct negative association with NMUPD-CE
(H5), which adds to prior mixed results on direct resource effects
(Schröder et al., 2015; Wiegel et al., 2016). Thus, emotional

stability can especially be seen as a personal resource that seems
to go along with the experience of fewer stressors to begin with
(Bakker et al., 2010b; Schaufeli & Taris, 2014) and to lower the
susceptability to strains such as work-family conflict (Allen et al.,
2012). It also affects the reactions to stressful events as a resource
(acting as a buffer) and offers a direct protection from NMUPD-
CE (Sattler & Schunck, 2016). Therefore, emotional stability
serves as a highly relevant coping resource in the complex inter-
play of stressors (Gunthert et al., 1999; Schneider, 2004;
Schneider et al., 2012), their immediate perception, and down-
stream effects such as substance use. This might be explained by
the fact that individuals with high emotional stability are less
likely to refer to an automatic mode of self-regulation when
facing environmental stimuli such as stress (Turiano et al.,
2012). Thus, their stress-response might be less focused on be-
haviour that they would expect to help them deal with stress.
Conversely, this implies that low emotional stability is a risk
factor for substance misuse including NMUPD-CE, because
these substances might be perceived as offering prompt relief
when under stress or seeking performance improvements
(Benotsch et al., 2013). Our findings regarding the effects of
emotional stability, therefore, underline the importance of per-
sonality traits in predicting health-related behaviours (Lahey,
2009; Turiano et al., 2012).

Moreover, when strain is considered as a mediator between
resources and NMUPD-CE, all resources show the expected
inverse relation, supporting H7. Thus, these results imply that
with a scarcity of resources, NMUPD-CE might be viewed as
a way to compensate for the deficiency, whereas having suffi-
cient resources can protect from experiencing strain by aiding in
mastering challenging situations and mitigating the effects of
stressors on strain (Pomaki et al., 2010; Sattler, 2019; Schaufeli
& Taris, 2014; Tadić et al., 2015; Vander Elst et al., 2016;
Wiegel et al., 2016).

In sum,we showed that the JD-Rmodel, whichwas originally
developed to explain burnout among employees, is a useful and
flexible framework to apply to employees’ NMUPD-CE use.
The model helps to better understand the drivers and obstacles
of NMUPD-CE, namely the interplay between objective de-
mands, its subjective consequences (i.e. strain), and personal,
social, or organizational resources, as well as the mediating role
of strain linking effects of demands and resources to this type of
substance use and misuse.

Strengths, Limitations, and Further Research

Our study advances prior research on NMUPD-CE in the
work context in several dimensions. While earlier research
in this field lacks theoretical foundations and is descriptive
(e.g., Schröder et al., 2015), this is the first study on
NMUPD-CE in employees that implements the JD-R model,
enriched with assumptions from research on coping strategies
(Brougham et al., 2009; Stephenson et al., 2016), drug
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instrumentalization theory (Müller & Schumann, 2011), and
the self-medication hypothesis (Khantzian, 1997).

While literature reviews on NMUPD-CE (Sattler, 2016;
Smith & Farah, 2011) highlight that most studies in the field
use small and/or convenience samples potentially suffering
from self-selection or specific subgroups of employees
(Franke et al., 2013; Maier et al., 2018; Schröder et al.,
2015; Wiegel et al., 2016), our analysis relied on a represen-
tative sample of employees in Germany working for compa-
nies with over 500 employees covering a broad range of oc-
cupations and sectors (Abendroth et al., 2014). This large and
heterogenous sample is also an advantage over numerous oth-
er studies employing the JD-R model in various contexts
(Vander Elst et al., 2016; Tadić et al., 2015). However, future
research might be extended to smaller firms and to the inter-
national context since demands and resources might be per-
ceived differently due to varying lifestyles or work norms, and
also because national drug regulations and prescribing behav-
iour of physicians are different (Sattler & Schunck, 2016).

Though we assessed various demands and resources that
can be found in almost every job (including internal resources,
which is not yet common in JD-R applications) (Schaufeli &
Taris, 2014), future research may extend our coverage.
Candidate factors are, for example, resources such as resil-
ience (i.e. the ability to easily adapt and cope with stressful
or traumatic events and strain) (Ghimbuluţ et al., 2012; Oshio
et al., 2018) or new potential demands such as choice overload
from digitalized work environments (Zeike et al., 2019).

Our analysis relied on cross-sectional data, whereas future
studies should engage panel data to better establish the causal
order of the examined variables. However, we do not correlate
prior NMUPD-CE with current demands, strain, and resources
which is particularly prone to biased results due to an improper
causal ordering. Instead, we applied a frequently used strategy to
investigate substance use and misuse by assessing respondents’
willingness as a proximal antecedent of future behaviour
(Gibbons et al., 1998b). Willlingness showed high correlations
with current behaviour (Beck & Ajzen, 1991; Gibbons et al.,
1998a, b). Still, this is a self-reported measure and we cannot
rule out social desirability bias (Chen et al., 2015; Roche et al.,
2008; Wolff et al., 2014), although such measures are less sen-
sitive than prior behaviour (Gibbons et al., 1998a, b). For exam-
ple, we found hardly any item non-response (1.89%).
Willingness measures also have the advantage of providing in-
sights for NMUPD-CE as a relatively new behaviour and can
thereby help to identify possible trends (Wiegel et al., 2016).

Conclusion

Our study shows that high job demands and low resources
increase strain, while certain resources buffer the effects of
demands. To deal with this strain and to maintain or enhance

work performance, some employees are willing to
instrumentalize prescription drugs without medical need.
Some of the findings resemble those on the use of other sub-
stances including alcohol (Frone, 2016).

However, it can be argued that NMUPD-CE is somewhat
different in nature. While alcohol might mainly be used to divert
from or reduce strain, NMUPD-CE might be a strategy to en-
hance cognitive performance more directly or to reduce the po-
tential performance-diminishing effects of strain. Thus, it might
“be understood as a non-addictive, functional adaption to com-
plex, competitive, fast-changing modern microenvironments by
increasing, sustaining, or restoring work performance” (Wiegel
et al., 2016, 111). But employees still risk side effects and long-
term health consequences by engaging in such behaviour that has
been also considered unfair (Dubljević, 2014; Greely et al., 2008;
Schleim & Quednow, 2017).

Prevention and intervention strategies might be informed by
our findings. First, employers may monitor individual and
company-wide demands and resources by using surveys or on-
line tools (Bakker & Demerouti, 2014; Schaufeli, 2017;
Schaufeli & Taris, 2014). Then, workshops, trainings, or struc-
tural changes and regulations might be implemented to decrease
employees’ demands along their strain-inducing effects.
Moreover, employers’, physicians’, and at-risk individuals’
awareness should be raised that certain personality traits (such
as neuroticism) can be risk factors for unhealthy behaviour, but
that certain resources can also mitigate these risks (e.g., active
strain management, resilience training, or job crafting).

While this might not only reduce strain and ultimately
NMUPD-CE, such approaches would be generally valuable
since a healthier work environment with resourceful em-
ployees has manifold positive impacts. This includes higher
work performance and increased well-being, less absenteeism,
and fewer work accidents (Bakker & Demerouti, 2014;
Barnes & Zimmerman, 2013; Siegrist, 2016; Tecco et al.,
2013). Furthermore, information for employees and managers
regarding the potential non-sustainable, health-endangering,
and counterproductive effects of NMUPD-CE might be dis-
tributed. Thus, politicians and employers can start now to
actively create a resourceful work environment with fewer
negative repercussions of job demands.

Appendix

Appendix 1: Ethics Statement

Social science research in Germany that does not target re-
search objectives regulated by certain laws (e.g., the German
Medicine Act [Arzneimittelgesetz (AMG)], the Medical
Devices Act [Medizinproduktegesetz (MGP)], the Stem Cell
Research Act [Stammzellenforschungsgesetz (StFG)], or the
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Medical Association’s Professional Code of Conduct
[Berufsordnung der Ärzte]), no ethics approval is required.
This applies to the present study. Moreover, paragraph 28 of
the Data Protection act of North Rhine Westphalia
[Datenschutzgesetz Nordrhein-Westfalen (DSG NRW)] ex-
plains that personal data must be processed anonymously,
and consent of participants is only required if the collected
data are not used anonymously. The data of this study have
been collected jointly by Bielefeld University and the Federal
Institute for Employment Research (Institut für Arbeitsmarkt
und Berufsforschung (IAB)). The study and all procedures

have been approved by the security officer of the IAB and
the Federal Ministry of Labor and Social Affairs
(Bundesministerium für Arbeit und Soziales (BAMS)). The
procedures included cover letters that informed potential par-
ticipants about the study subject, the voluntariness of their
participation, their anonymity, and the confidentiality of their
answers. This information was repeated during the first tele-
phone contact. After being informed about these procedures,
participation was understood as consent and agreement to
participate.

Appendix 2

Table 4 Direct, indirect and total effects of demands, resources, and strain as a mediator on the prior nonmedical use of prescription drugs for cognitive
enhancement, based on Structural Equation Modeling with Full Information Maximum Likelihood (Number of observations = 6454)

Direct effects on strain Direct effects
on NMUPD-CE

Indirect effects on
NMUPD-CE via strain

Total effects

Strain 0.0103***
(0.0021)

0.0103***
(0.0021)

Demands
Agreed working time 0.1348***

(0.0149)
0.00011
(0.0019)

0.0014***
(0.0003)

0.0015
(0.0019)

Overtime 0.1621***
(0.0132)

0.0002
(0.0013)

0.0017***
(0.0004)

0.0019
(0.0013)

Regular shift work 0.0797***
(0.0279)

−0.0014
(0.0040)

0.0008*
(0.0003)

−0.0005
(0.0040)

Emotional demands 0.1856***
(0.0129)

−0.0006*
(0.0018)

0.0019***
(0.0004)

0.0013
(0.0019)

Job insecurity 0.0744***
(0.0117)

0.0013
(0.0018)

0.0008***
(0.0002)

0.0020
(0.0018)

Leadership responsibility 0.0835**
(0.0248)

−0.0001
(0.0037)

0.0009**
(0.0003)

0.0008
(0.0037)

Resources
Emotional stability −0.2820***

(0.0124)
−0.0030
(0.0019)

−0.0029***
(0.0006)

−0.0059**
(0.0019)

Job autonomy −0.0377***
(0.0127)

−0.0012
(0.0019)

−0.0004*
(0.0001)

−0.0016***
(0.0019)

Emotional social support −0.0245*
(0.0097)

−0.0020
(0.0010)

−0.0003*
(0.0001)

−0.0022*
(0.0010)

Instrumental social support −0.1102***
(0.0123)

0.0011
(0.0017)

−0.0011***
(0.0003)

0.0001
(0.0017)

Controls
Female 0.2148***

(0.0260)
0.0023
(0.0035)

0.0022***
(0.0005)

0.0046
(0.0035)

Age 0.0293*
(0.0118)

−0.0010
(0.0017)

0.0003*
(0.0001)

−0.0007
(0.0017)

Education 0.0690***
(0.0126)

−0.0039*
(0.0017)

0.0007***
(0.0002)

−0.0032
(0.0017)

Income −0.0197
(0.0170)

0.0000
(0.0019)

−0.0002
(0.0002)

0.0002*
(0.0019)

Constant −0.1543***
(0.0205)

0.0150***
(0.0028)

Bootstrap Standard Error (with 1000 repetitions); Chi2 referring to baseline vs. perfect model (degrees of freedom = 29) = 1818.41***; Root Mean
Square Error of Approximation (RMSEA) < 0.001; Coefficient of determination = 0.241

NMUPD-CE Nonmedical use of prescription drugs for cognitive enhancement

*p < .05, **p < .01, ***p < .001 (two-tailed)
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Appendix 3

Table 5 Direct, indirect and total effects of demands, resources, their
interaction effects, and strain as a mediator on the prior nonmedical use of
prescription drugs for cognitive enhancement, based on Structural

Equation Modeling with Full Information Maximum Likelihood
(Number of observations = 6454)

Direct effects
on strain

Direct effects
on NMUPD-CE

Indirect effects
on NMUPD-CE via strain

Total effects

Strain 0.0104***
(0.0021)

0.0104***
(0.0021)

Demands

Agreed working time 0.1326***
(0.0148)

−0.0007
(0.0018)

0.0014***
(0.0003)

0.0021
(0.0018)

Overtime 0.1660***
(0.0134)

−0.0003
(0.0014)

0.0017***
(0.0004)

0.0020
(0.0014)

Regular shift work 0.0756**
(0.0280)

−0.0013
(0.0039)

0.0008*
(0.0003)

−0.0005
(0.0039)

Emotional demands 0.1853***
(0.0129)

−0.0005
(0.0018)

0.0019***
(0.0004)

0.0014
(0.0019)

Job insecurity 0.0748***
(0.0117)

0.0014
(0.0018)

0.0008***
(0.0002)

0.0022
(0.0018)

Leadership responsibility 0.0868***
(0.0250)

0.0002
(0.0038)

0.0009**
(0.0003)

0.0007
(0.0037)

Resources

Emotional stability −0.2551***
(0.0155)

−0.0029
(0.0025)

−0.0026***
(0.0006)

−0.0055*
(0.0024)

Job autonomy −0.0377**
(0.0126)

−0.0013
(0.0019)

−0.0004**
(0.0001)

−0.0016
(0.0019)

Emotional social support −0.0255**
(0.0096)

−0.0020*
(0.0010)

−0.0003*
(0.0001)

0.0022*
(0.0010)

Instrumental social support −0.1092***
(0.0123)

0.0011
(0.0017)

−0.0011***
(0.0003)

0.0000
(0.0017)

Overtime* Emotional stability −0.0354**
(0.0111)

−0.0007
(0.0015)

−0.0004**
(0.0001)

−0.0010**
(0.0015)

Leadership* Emotional stability −0.0671**
(0.0236)

0.0003
(0.0041)

−0.0007*
(0.0003)

−0.0010
(0.0041)

Agreed working time* Emotional stability 0.0038*
(0.0017)

0.0038*
(0.0017)

Controls

Female 0.2182***
(0.0259)

0.0027
(0.0035)

0.0023***
(0.0005)

0.0049*
(0.0035)

Age 0.0304*
(0.0118)

−0.0009
(0.0017)

0.0003*
(0.0001)

−0.0006*
(0.0017)

Education 0.0681***
(0.0126)

−0.0039*
(0.0017)

0.0007**
(0.0002)

−0.0032
(0.0016)

Income −0.0151
(0.0170)

0.0001
(0.0019)

−0.0002
(0.0002)

0.0003
(0.0019)

Constant −0.1497***
(0.0204)

0.0145***
(0.0028)

Bootstrap Standard Error (with 1000 repetitions); Chi2 referring to baseline vs. perfect model (degrees of freedom = 35) = 1849.88***; Root Mean
Square Error of Approximation (RMSEA) = 0.004; Coefficient of determination = 0.244

NMUPD-CE Nonmedical use of prescription drugs for cognitive enhancement

*p < .05, **p < .01, ***p < .001 (two-tailed)
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