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ABSTRACT
Background: Due to the COVID-19 pandemic many employees
perform under increasingly digital conditions. Enabling home
office environments became mandatory for companies wherever
possible in consideration of the ongoing pandemic.
Simultaneously, studies reported on digital stress. The current
literature lacks rigorous research into digital stress on
psychosomatic outcomes, emotions, and disease. Therefore, we
endeavor to understand how digital stress developed over the
course of the pandemic and if it predicts differences in negative
emotions and physical complaints in the home office setting.
Methods: To answer the research question, we conducted an
online survey among 441 employees in 2020 and 398 employees
in 2022 from three municipal administrations in Germany, who
were working from home at least occasionally. We used a cluster
analysis to detect digitally stressed employees. Regression
analyses were performed on digital stress, negative emotions,
and physical complaints.
Results: The analysis revealed an increase from 9 to 20% in digital
stress, while negative emotions and physical complaints did not
show evident differences. In the multivariate model, we observe a
change in the proportion of digitally stressed employees between
4 and 17%, while the control variables explain around 9%.
Conclusions: Digital stress did not significantly affect either
negative emotions or physical complaints. However, digital stress
appeared to exert a more substantial predictive influence on
negative emotions. The study emphasizes rising digital stress,
which contradicts a positive adaption to the digital working
conditions within the observed period. The psychosomatic
relations are low or lagged. Further research investigating digital
stress and countermeasures, especially to understand how to
prevent harmful long-term effects such as distress resulting from
working from home conditions, is needed.
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Background

As one of the many knock-on effects of the COVID-19 pandemic, society at large will and
is facing challenges linked to increased psychological stress and social isolation (Bouziri
et al., 2020). In response to government restrictions, many employers have extempora-
neously relocated their employees’ office workstations to home offices (Herrmann &
Frey Cordes, 2020). Beyond Germany, the rapid mandated transition to a home office
setup became a normalized measure to combat the ongoing pandemic (German
Federal Government, 2022).

Flexible forms of work, which lead to an overlap between home and workplace, are
associated with giving employees more resources for health-promoting behavior on
the one hand, but, on the other hand propagate psychological stress factors (Beermann
et al., 2018). There might be individual advantages for the organization of work, such as
the elimination of commuting or improvement of time management, flexibility and
autonomy. Moreover, employees who work occasionally in home office are more
satisfied with their ergonomics and report less musculoskeletal complaints than employ-
ees working solely on site (Kettschau et al., 2023). Still, the communication within com-
panies lacks clear structures for working from home (Bölsch-Peterka et al., 2022). The
elongated work day, which arises with blurred work-life boundaries that can come
with home office, results in an increase in work-related impacts on health (Gimpel
et al., 2020; Samek Lodovici et al., 2021).

Working from home during the pandemic

Home office is defined as a workplace in one’s own home that is equipped with the
necessary telecommunication technology (Duden, 2018). The general trend toward
Work 4.0 and the adaptation of the working world due to structural changes, such as glo-
balization and digitization, drive the spread of mobile work, teleworking, and the use of
home offices (Rieke et al., 2020). In 2019, 12.8% of the workforce worked in a home office,
compared to 21.0% in the first year of the pandemic. In 2021, 24.8% of all employees in
Germany worked at least occasionally in a home office, and as many as 36% in the public
administration sector (German Federal Statistical Office, 2021).

Home office work can be implemented as mobile working or telecommuting, defined
by contractual agreements and regulations of the workplace ordinance (§ 2 ArbStättV,
2022). Telework is accompanied by ‘permanently installed computer workstations in
the private area of the employee’ at contractually agreed weekly working hours (§ 2 Arb-
StättV, 2022). In contrast, mobile working has not yet been defined in a legally binding
way in Germany but typically describes a location-independent work activity of at least
ten hours per week that is not tied to a fixed workplace, such as the home (German Parli-
ment, 2017). Because of the rapid implementation of home office protocols for many
sectors and employees, it can be assumed that hardly any contractual amendments
have been made for the home office (Samek Lodovici et al., 2021). Due to the
COVID-19 pandemic, most workers engage in some form of hybrid working, a
mixture of telecommuting and mobile work. The workplace is relocated (in line with tel-
ecommuting) to the employee’s home, but without a contractual agreement and accom-
panying legal obligations. In this context, working from home has become established
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and, after prior coordination with the company, encompasses temporary or occasion-
related activity in the private sphere (§ 2 ArbStättV, 2022; German Parliament, 2017).
In the following, this particular form is assumed to be the home office setting, i.e.
working from home (WFH).

Barone Gibbs et al. (2021) found that transitioning to remote work led to increased
sedentary behavior on non-work days and a decline in quality of life and overall
workers health. From another vantage, Niebuhr et al. (2022) reveal that the functionality
of technical equipment in employees’ home offices positively impacts their health,
including work ability, stress-related symptoms, and job satisfaction, which emphasizes
the potential of legal regulations for WFH mentioned in the prior paragraph. The weekly
amount ofWFH influences stress-related symptoms, i.e. a higher amount of weeklyWFH
working hours, is associated with more symptoms. Barone Gibbs et al. (2021) discovered
that workers who consistently worked remotely experienced higher levels of stress. While
constant WFH has a negative impact on mental well-being, no difference was found
when considering those who work from home on occasion. The ‘always remote’ group
also reported decreased physical functioning (Barone Gibbs et al., 2021); rather recom-
mending a hybrid model (partly working from home and going to the office).

Xiao et al. (2021) reported that 73.6% of respondents encountered new mental health
issues with a further 64.8% reporting physical health issues. In addition to an increase in
depressive symptoms during pandemic-induced remote work, office workers reported
musculoskeletal pain in the neck, shoulders, wrists, upper back, and hips/thighs (Majum-
dar et al., 2020). These findings were consistent with Seva et al. (2021), who found that a
majority of workers experienced lower back pain (74.1%), neck pain (67.9%) and
shoulder pain (67.3%). WFH had a detrimental impact on the physical complaints
experienced by certain participants, specifically those who were already dealing with
issues such as back pain and neck pain (Moretti et al., 2020). 38.1% of participants
reported worsened lower back pain, and 50% reported worsened neck pain since starting
WFH. Workers without musculoskeletal pain reported significantly higher job satisfac-
tion. Men, middle-aged individuals and those commuting to different municipalities par-
ticularly benefit from WFH, illustrating the advantages of WFH for certain groups
(Denzer & Grunau, 2021). However, individuals who extensively utilize information
and communication technology are more likely to engage in cognitively demanding
tasks and experience frequent interruptions, both of which have been linked to elevated
levels of reported headaches and eyestrain (Samek Lodovici et al., 2021; Vargas Llave
et al., 2020).

Conversely, the perception of increased autonomy has positive effects on employees’
overall job satisfaction (Giovanis & Ozdamar, 2021). As we can see, similar associations
apply to WFH that we already know from traditional models; mental strain results from
the interaction of job demands and job decision latitude (Karasek, 1979). The lack of
ergonomic equipment and insufficient space (for work) at home are associated with
increased job demands.

Mental strain and digital stress

Mental stress is defined as the external influences that affect a person psychologically
(DIN EN ISO, 10075-1 2018; Wieland & Hammes, 2014). Mental (or syn. psychological)
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strain is the corresponding immediate effect of mental stress within the individual, i.e.
internally. Both terms are formulated neutrally for the workplace setting, because it
does not have exclusively negative or exclusively positive effects (DIN EN ISO, 10075-
1 2018), (Hammes & Wieland, 2017). Mental stress and strain unleash a chain of
effects internally that is also dependent on the characteristics of the affected individual
(Hammes & Wieland, 2017). The effects can include, on the one hand, stimulating
effects, such as further development of personal skills or health, and, on the other
hand, impairing effects, such as the occurrence of psychosomatic illnesses or early retire-
ment (Hammes & Wieland, 2017). Acute, stimulating stress has a positive function,
referred to as eustress (e.g. motivation, feeling of happiness), while stress that is perceived
as unpleasant or overwhelming has a negative function, known as distress (e.g. despair,
pain). Distress brings with it a strongly increased tension in the body and consequently
can lead to a decrease in attention span and performance (Meunier et al., 2022). When
maintained permanently, chronic stress is accompanied by further effects harmful to
health. After headaches and eyestrain, technology use has the strongest associations
with high stress levels which manifest as physical symptoms (Messenger et al., 2017).

Digital stress or synonymous technostress (internationally the latter, but in Germany
digital stress is more widely used) occurs in individuals who are involved with digital
technologies. It refers to the difficulty of dealing with new technologies in a healthy
way, which leads to stressful experiences (Gimpel et al., 2018). Those affected are
more likely to suffer from accompanying symptoms such as headaches, fatigue and
exhaustion, and sleep disturbances (Gimpel et al., 2018). Digital stress is negatively
related to well-being, health, and work ability (Gimpel et al., 2019).

When Gimpel et al. (2018) examined ‘digital stress in Germany’, they concluded that
digital stress is more pronounced among younger workers. Other studies specify that
older workers seem to be influenced more by technostress, while younger individuals
are more vulnerable to overload (The mental health of workers in the digital era,
2022). Wrede et al. (2021) show that within the German public administration setting
(among others) older age, feeling overwhelmed, as well as resignation, are significant
risk factors for digital stress. While at the beginning of the two phase study, a minority
of employees across the municipalities used home office, the proportion rose to 76.4
percent during the pandemic (Claassen et al., 2022). In the first phase of survey
results, Wrede et al. (2021) found that about 10 percent of employees are digitally
stressed. Since individual digital competence and functioning technology is mandatory
to work from home, digital stress is a potential disruptive factor that we need to keep
an eye on. Digital stress factors are changing; for example, a lack of a sense of achieve-
ment or the omnipresence of technology are perceived as more stressful, while factors
attributable to inexperience with information technology are decreasing (Gimpel et al.,
2020).

With regard to gender, it was found that women worked in more digitalized work-
places and concurrently experienced a higher level of digital stress than men (Gimpel
et al., 2018). Broadly, males and females present some differences in terms of how
they relate to to technology, with the latter more susceptible to technostress (Gravelling
et al., 2020). Consequently, ‘zoom fatigue’ is significantly more prevalent among female
workers (Fauville et al., 2021). Following Ragu-Nathan et al. (2008), perceived digital
stress decreases with level of education and job experience. Lower socioeconomic
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status environments are assumed to be more stressful and reduce individuals’ reserve
capacity to manage stress, thereby increasing vulnerability to negative emotions and cog-
nitions (Gallo & Matthews, 2003). In Korea, excessive information received through cell
phone usage has been linked to heightened negative emotions, including anger and
anxiety (Lee et al., 2016). Being young, female and having a mental illness diagnosis
were risk factors for increased negative emotions at the beginning of the pandemic in
Australia (Rossell et al., 2021). In Germany, emotional demands due to work, as well
as the number of social conflicts decreased. However, personal demands were found
to be increasing; in particular, financial concerns, quantitative private (e.g. household)
and emotional demands in general (Gimpel et al., 2020). Even before the pandemic,
digital stress has been associated with psychological outcomes such as burnout,
depression, anxiety, and the perceived social pressure to constantly be available or con-
nected, communication overload, and demonstrating proficiency in internet multitask-
ing (Reinecke et al., 2017).

In a recent scientific review, technostress related to WFH has been examined. Of most
of the studies investigating psychological well-being, only two focused on the physical
well-being of remote workers, while three investigated both (Gualano et al., 2023).
78.9% of the studies included in this review outlined high technostress levels in
remote workers (higher in female and older workers). Majumdar et al. (2020) observed
a decline in sleep duration during remote work among Indian office workers potentially
due to increased screen time, while Schmitt et al. (2021) observed an increase in overload
due to the use of text-based tools among German office workers. Molino et al. (2020)
found higher levels of technostress among remote workers across multiple industries.
Oksanen et al. (2021) revealed that in Finland 17.1% of workers experienced a significant
increase in technostress, while 69.7% reported little or no change, and 13.2% reported a
decrease. Young age acted as a protective factor against technostress, while victimization
from cyberbullying at work, using social media for work communications, and neuroti-
cism were predictors of higher technostress (Gualano et al., 2023).

Psychosomatics; the relationship of stress, negative emotions, and disease

Early research already indicates associations between psychosocial factors and physical
load manifested in work-related musculoskeletal complaints. Monotonous work, high
perceived workload, and time pressure appear to be related to the occurrence of muscu-
loskeletal symptoms, while low job control and insufficient social support from col-
leagues are positively associated with musculoskeletal disorders (Bongers et al., 1993).
Perceived stress may serve as an intermediary in this relationship. A theoretical model
proposes that psychosocial work factors, such as work pressure and lack of control,
which have the potential to induce stress, may also be linked or associated with
ergonomic factors such as force, repetition, and posture (Carayon et al., 1999). Physical
ergonomic factors and psychosocial work factors need to be examined simultaneously to
gain a comprehensive understanding of the causes of risk factors.

The concept of psychosomatics emphasizes psyche and soma, mind and body as inter-
connected, where mental health, illness, and behavior are linked to physical well-being and
social conditions (Rensing et al., 2006). In 1895, Freud (Wörterbuch der Psychotherapie,
2000) expounded upon the concept of ‘conversion’, suggesting that unresolved
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psychological conflicts can manifest as physical symptoms. However, this does not imply a
direct causal relationship between mental disorders and physical diseases. Allostasis
describes the reciprocal process between psychological and physiological conditions, main-
taining homeostasis and adaptive responses to stress (Dragano, 2007; Sterling & Eyer,
1988). The sympathetic-adrenal medullary system and hypothalamic–pituitary–adrenal
axis play key roles in stress response, releasing hormones to increase energy supply and
initiate necessary changes. Prolonged exposure to stress can disrupt adaptive compen-
sation, leading to psychosomatic processes and pathological conditions affecting various
organ systems. Stress-induced diseases, such as hypertension, can be triggered by factors
like depression and workload. Continuous release of stress hormones contributes to allo-
static load and disease development (McEwen, 2010; Sterling, 2012). A crucial factor in this
link between stress and illness is negative emotions, especially anger (Myers, 2014).

Research demonstrates increased (pandemic-related) strains under increasingly
digital working conditions in the home office. Findings underscore the potential
importance of psychosocial factors and stress in relation to e.g. musculoskeletal
health, but conclusive evidence is lacking. No evidence on the impact of specifically
digital stress (external) on emotions and disease (internal) exists for the setting at the
national level. By considering the interplay between these factors, insights into the
complex etiology enable the development of effective interventions to prevent and
manage associated disorders. Building upon the work of Wrede et al. (2021),
within this study, we contribute to examining the impact of digital stress among
German municipal administration workers working in home office from 2020 to
2022, with emphasis on the psychosomatic triangulation illustrated in Figure 1.
Based on the prior mentioned theory, we assume that the employees’ experience
of digital stress increased and, through mental strain, is associated with negative
emotions and physical complaints.

Thus, the study at hand aims to answer the following question: How has digital stress
developed over the course of the pandemic? Does digital stress (DS) predict differences in
negative emotions (NE) and physical complaints (PC) in the home office setting?

Figure 1. Hypothesis model.
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Methods

The data for this research study was derived from a survey conducted in two phases. The
survey was part of the project ‘Health and Digital Change’ (GudW), which was supported
by the digital model regional funding framework established by the Ministry of Econ-
omic Affairs, Innovation, Digitalization, and Energy of the State of North Rhine-West-
phalia (NRW MWIDE). The study underwent an assessment to ascertain its
compliance with the ethical guidelines stipulated in the Declaration of Helsinki for con-
ducting medical research involving human subjects, as well as the applicable data protec-
tion regulations. Notably, it received a positive ethical evaluation and was granted
approval by the Ethics Committee of the University of Witten/Herdecke, assigned
with reference number 158/2020.

Data collection

Employees from three municipal administrations in North Rhine-Westphalia were sur-
veyed using an online tool. The same survey was conducted twice, i.e. in 2020 (W1) and
repeated in 2022 (W2). Working from home at least occasionally, was the inclusion cri-
terion for the population of this study. Given the comparison between W1 and W2 and
that the investigation occurred on the departmental level, the data was therefore aggre-
gated accordingly. All employees in departments of the administration offices with
ongoing digital implementation processes received an invitation link via their internal
email system. Thus, participants were voluntarily engaged for approximately 15 min
and their explicit consent was acquired for the purposes of scientific data processing
and subsequent publication. In the event of no response within a two-week period, a
single reminder was dispatched. To address privacy concerns, the invitation link directed
participants to an external survey platform, specifically using the ‘LimeSurvey’ software,
which was hosted by Witten/Herdecke University.

The formation of the survey’s variables was guided by the constructs of mental stress
and new ways of working outlined in the Joint German Occupational Safety and Health
Strategy (Beck et al., 2017). The survey was designed within the steering committee and
in consultation with all project partners on the basis of a (mental) risk assessment. The
items’ formulations subordinated to the survey’s variables were finalized in a group dis-
cussion in coordination with two project leaders of each of the participating municipal
administrations, who were either specialists in occupational medicine or occupational
health managers. In addition to questions on the type of employment, assessments
were obtained on working conditions and work-related satisfaction, separately for
both home office and on-site activities. In addition, questions were asked about
working methods and tools related to digitalization, as well as questions about the assess-
ment of ongoing digitalization initiatives. Other elements of the questionnaire looked at
leadership and digital leadership, typical stress factors at the workplace, mental stress and
physical and emotional complaints. For better comparability and identification of the rel-
evant influencing factors, basic demographic information was requested.

Seven items represent digital stress (DS). The survey items primarily assess agreement
using a scale ranging from 1 to 4, inquire about the level of perceived stress. For the data
analysis, the items related to digitization were not combined into a single score due to the
absence of a standardized and validated instrument for digital stress. Instead, these items
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were treated as distinct clustering variables. The variable, its corresponding question for-
mulations and response coding are presented in Table 1.

The eight emotions sought after are consistently formulated negatively; negative
emotions (NE): sad, helpless, anxious, frustrated, angry, enraged, resigned, and over-
whelmed (Table 2). For physical complaints (PC), we chose five symptoms of disease sur-
veyed for the analysis. We selected less severe psychosomatic complaints, as they are
more likely to vary within the observed period (not including joint pain, heart problems,
hypertension, visual disturbances; see Table 2). The variables PC and NE are measured in
a four-point scale: almost never (1) – rarely (2) – frequently (3) – almost always (4). NE
holds the average number of nominated negative emotions from the eight items, cutoff is
value 3 (frequently). Simultaneously, PC shows the number of nominated physical com-
plaints on average, cutoff is value 3 again to reflect the negative connotation. Age, gender,
and income group were included as control variables. The cutoff within income group is
through the German pay scale ‘E13/A13’, which equals more than 4.000 Euro gross
income per month. The variables were not used ordinally but dichotomized in order
to fit the further equations. The researchers determined variables and items for the analy-
sis as well as the cut-off points in a discussion.

Data analysis

The dataset has been cleansed of missing data. DS was operationalized by a hierarchical
agglomerative cluster analysis using complete linkage to divide the dataset into a risk and
a non-risk group (Kaufman & Rousseeuw, 2005). A distance-based method (discovery of
structure in data sets) that groups together objects that have a smaller distance (higher

Table 1. Items representing digital stress.
Label Item Coding

Digi1 Dealing with digital applications at work is easy for me. 1 = does not apply
2 = rather does not apply

3 = rather applies
4 = very much applies

Digi2 The increasing digitization in the public administration has no negative
impact on my health.

Digi3 I feel well prepared for digitization by my employer.
Digi4 I support the switch to digital applications at my work.
Digi5 Digitization leads to… 1 =more work

2 = just as much work
3 = less work

Digi6 How stressful do you find constant screen work? 1 = stressful
2 = rather stressful
3 = rather not stressful
4 = not stressful

Digi7 How stressful do you find the need to be available via different
communication channels at the same time?

Table 2. Included variables.
Variable Items Scaling

Digital stress (DS) See Table 2 Ordinal (1-3/4)
Negative emotions (NE) 8 Items: sadness, helplessness, fear, frustration, anger, rage, resignation,

feeling of being overwhelmed
Ordinal (1-4)

Physical complaints (PC) 5 Items: back pain/tension, headache, sleep disorders, gastrointestinal
disorders, cold symptoms

Ordinal (1-4)

Age Years Metric
Gender Female-Male-Diverse Nominal
Income Pay group EG5-EG15 Ordinal (1-3)
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similarity) to each other than to other objects, was used. In agglomerative clustering
methods, each object first forms a cluster and then the clusters already formed are gradu-
ally combined into larger ones until all objects belong to one cluster (‘bottom-up’). The
distance matrix was based on Euclidean distances, called the L2 norm. To validate the
quality of the cluster analysis, a scree plot was used. Subsequently, descriptive analysis
based on quantity (N), arithmetic mean (M), or proportion (%) + - standard deviation
(SD) 2020 vs. 2022, respectively, was performed.

Furthermore, to examine the relationship between the variables, multivariate first-
difference Ordinary Least Square (OLS) regression was employed in this study. Due to
different variables selected as the outcome variable multivariate analysis was performed.
To adress the problem of omitted variables in the two phase data, the first-differenced
estimator was used. To determine the regression that best fits the data, the OLS
method seeks to minimize the sum of squared residuals, which are the disparities
between the observed values of the outcome variable and the predicted values obtained
from the model (Wooldridge, 2007). OLS was chosen as the method, because it is has
lowest sampling variance among unbiased estimators.

The following regressions were calculated:

(1) DS as the outcome variable predicted by the control variables age, gender and
income.

(2) NE as the outcome variable predicted by the control variables age, gender and
income.

(3) NE as the outcome variable predicted by the independent variable of DS and the
control variables age, gender and income.

(4) PC as the outcome variable predicted by the control variables of age, gender, and
income.

(5) PC as the outcome variable predicted by the independent variable of DS and the
control variables of age, gender, and income.

The five models were compared using the adjusted coefficient of determination, R².
Because R-squared always increases as more predictors are added to a model, the
adjusted R-squared can indicate how useful a model is, adjusting for the number of pre-
dictors in a model. For comparison of the models (e.g. to assess the independent contri-
bution of (change in) DS to the prediction of (change in) NE or PC above and beyond the
contribution of the (changes in) control variables, ΔR² is used and tested. Adjustment is
made for the number of explanatory variables in the regression model, i.e. ‘penalizing’ for
increasing number of variables. To avoid problems of multiple testing for multiple out-
comes (i.e. α-error inflation), statistical tests are omitted in favor of 95 percent confidence
intervals of the regression coefficients. The analysis was performed using R-Studio
version 2022.02.2 (package prcr/olsrr).

Ethics statement

The study was conducted in accordance with the Declaration of Helsinki and was approved
by an Institutional Review Board/Ethics committee. See details under Methods. The study
received an exemption from an Institutional Review Board/Ethics committee.
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Results

Data is available for 36 departments in 2020 (W1) and 35 departments in 2022 (W2),
respectively. If only those departments are considered that were represented in both
years with participating employees in data protection-compliant case numbers (n≥ 5),
34 departments remain for the overall analysis. The total number of cases in sufficiently
sized departments then includes n = 441 employees in 2020 and n = 398 employees in
2022.

Compared to the first survey, 37 percent of the respondents in the repeat survey are
male and around 63 percent identify as female or gender-diverse. The proportion of
men among the respondents thus decreased by 4.5 percentage points from 2020 to
2022. The respondents are 44.6 years old, so the average age has decreased almost one
year compared to the sample in the first phase of the survey (2020: 45.5 years). The pro-
portion of higher-income earners rose from 9.4–9.8 percent, which represents a slight
increase (see Table 4).

Development of digital stress, negative emotions, and physical complaints

The M and SD of the variables, the clustering was based on, can be found in Table 3. The
clustering in the repeated survey W2 was done with the same method and according to
the same equation as in W1 (Wrede et al., 2021). They reveal ambiguous time-dependent
changes, stating no clear image, with no change in one direction or the other evident of
the individual variables; assessed negative impact on health, constant screen work and
availability among others (see Table 1).

The scree plots in Figure 2 confirm a two cluster solution in both years. The difference
between the number of cases to be clustered and the fusion step, after which the distance
between two observations (‘height’ on the Y-axis) increases abruptly, representing the
optimal number of clusters.

Table 4. Comparison of proportion (DS, Gender and Income) or quantity (NE and PC) or mean (Age)
and SD per included variable between years.

2020 2022

DS in % 8.54 + - 10.44 20.23 + - 15.74
Number of NE > 3 1.46 + - 0.63 1.57 + - 0.90
Number of PC > 3 1.59 + - 0.57 1.60 + - 0.50
Mean age in years 45.51 + - 5.97 44.56 + - 5.82
Male gender in % 41.53 + - 21.50 37.03 + - 21.87
Income≥ E13/A13 in % 9.43 + - 10.18 9.75 + - 15.96

Table 3. Comparison of M + - SD per item used for cluster analysis between years.
2020 2022

Digi1 3.46 + - 0.27 3.43 + - 0.29
Digi2 3.16 + - 0.38 3.19 + - 0.26
Digi3 2.39 + - 0.52 2.37 + - 0.47
Digi4 3.38 + - 0.37 3.25 + - 0.33
Digi5 1.93 + - 0.26 1.88 + - 0.37
Digi6 2.64 + - 0.41 2.65 + - 0.33
Digi7 3.04 + - 0.45 3.07 + - 0.43
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The average percentage of digitally stressed employees in a department, which is cal-
culated in proportion to the remaining employees, has increased significantly from 8.5–
20.2 percent (Table 4). At the same time, the variance of digital stress (DS) has also
increased. Both, the average number of negative emotions (NE) in a department and
their variance, have increased slightly between 2020 and 2022. The average number of
physical complaints (PC) has increased only marginally. The average age in years has
decreased slightly, while the average proportion of men has decreased noticeably. The
proportion of employees in pay group E13/A13 or higher has increased marginally,
while its variance has increased noticeably.

In summary, the descriptive analyses suggest an increase of DS, NE, and PC, even if
not consistently remarkable throughout the variables. Simultaneously, the difference
between the most and least burdened employees in terms of the investigated conditions,
seems to increase. Employees in the sample of W2 are younger, even more likely to be
female than in W1. The difference between earning more and earning less increased,
even though the probability within the samples to earn more than 4.000 Euro per
month are marginally higher in 2022.

Impact of digital stress on negative emotions and physical complaints

Table 5 demonstrates the outcomes for the multivariate analysis. As we have seen already
in the descriptive analyses, the proportion of digitally stressed employees also increased
significantly from 2020 to 2022 in the multivariate OLS regression model of first differ-
ences. With 95 percent probability, the change in the proportion is between four and 17
percent. Age, gender and income group can only explain around nine percent (of the var-
iance) of this change.

The multivariate regression model continues to show a very weak increase in the
average number of NE (regression constant/intercept) when controlling for age,
gender, and income. None of the variables show a significant effect (all confidence inter-
vals include zero). Overall, only a small proportion of the change in the average number

Figure 2. Scree plot for the digitally stressed group 2020 and 2022.
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of NE in a department can be explained. If the risk factor DS is added to the regression
model, the sign of the intercept changes. This means that a part of the influence on NE,
which could not be attributed to the endogenous variables of the regression model pre-
viously, can now be attributed to the factor DS. However, this influence is not significant
due to the overall small change in the occurrence of NE. The average number of PC
decreases only marginally even after controlling for age, gender, and income group.
Again, none of these variables shows a significant influence. The variance explained is
low overall.

The inclusion of DS as a further regression variable does not change the aforemen-
tioned results. For the last two regression models ΔR² is two percent, which shows
that the set of predictor variables does not explain much of the variation in the response
variable, adjusted for the number of predictors in the model. The adjusted R-squared
indicates that the fit of the regression models with the selected number of predictor vari-
ables, is not optimal.

Discussion

In this study, digital stress effects have been examined based on descriptive and multi-
variate regression analysis, illustrating the increasing amount or levels of digital stress
for employees working in home office at least occasionally.

The study design and multivariate analysis enable reliable results, e.g. in terms of cau-
sation. In contrast to the previously published cross-sectional study based on the first
survey in the project ‘Health and Digital Transformation’ (Wrede et al., 2021), the
repeat survey avoided the risk of a transmitted variable bias. The study at hand
extends the insights from the previous study with the longitudinal perspective on the
development of digital stress. However, no evidence has been found for the impact of
digital stress on emotions and physical complaints within the study period.

It is noticeable that the individual cluster variables show an inhomogeneous picture
with regard to a change over time. At the same time, however, the proportion of digitally
stressed employees has increased significantly. This can be explained by the fact that the
cluster analysis was carried out at the level of all employees, but the regression analysis is
at the department level. Because the average was calculated for all departments regardless
of their size in order to achieve a more even representation of the population in terms of

Table 5. First-difference OLS regression models.
Intercept
(95% CI)

DS
(95% CI)

Age
(95% CI)

Gender
(95% CI)

Income
(95% CI) adj. R²

DS 0.10
(0.04–0.17)

– −0.01
(−0.02–0.00)

−0.11
(−0.48–0.26)

−0.31
(−0.76–0.13)

.09

NE 0.11
(−0.33–0.54)

– −0.03
(−0.10–0.05)

0.43
(−2.03–2.89)

0.15
(−2.82–3.11)

.00

NE −0.06
(−0.56–0.43)

1.67
(−0.80–4.12)

−0.01
(−0.09–0.07)

0.62
(−1.83–3.06)

0.67
(−2.36–3.70)

.00

PC −0.02
(−0.24–0.205)

– −0.03
(−0.07–0.01)

0.19
(−1.08–1.45)

0.56
(−0.96–2.09)

.03

PC −0.10
(−0.35–0.16)

0.78
(−0.50–2.05)

−0.02
(−0.07–0.02)

0.27
(−0.99–1.54)

0.81
(−0.76–2.37)

.05

DS = Digital stress, NE = Negative emotions, PC = Physical complaints.
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activity profiles, etc., the influence of larger departments is truncated here in contrast to
the individual data analysis (i.e. cluster analysis).

The fact that the proportion of the risk cluster with regard to digital stress in 2020 is
slightly lower than in (Wrede et al., 2021), is probably, in addition to the below men-
tioned reasons, due to the fact that here we filtered for employees who were already at
least occasionally in the home office in 2020. In addition, the values of those employees
who were in a department with fewer than five respondents were dropped.

While the cluster analysis shows an increase in digitally stressed employees from 8.5%
in 2020 to 20.2% in 2022, thus 11.7% difference, the multivariate model confirms a
change in the proportion (4-17%). Only around nine percent of this change can be
traced back to the surveyed socio-demographic control variables, which indicates
more influencing factors. Overall physical and mental well-being are associated with
exercise, nutrition, communication with coworkers, children at home (incl. pandemic-
induced homeschooling), distractions while working, work hours, workstation set-up
and satisfaction with workspace conditions (incl. functionality of the technology), as
determining factors affecting individual well-being during pandemic-induced WFH
(Xiao et al., 2021). The wide range of influencing factors and complexity of the observed
timespan marked by all the circumstances of the pandemic, home office and the digital
working conditions, which are difficult to distinguish from each other, might also explain
the poor fit model eventually revealed by quite low values of adjusted R-squared in this
study. The poor fit model might be attributed to non-linear relationships between vari-
ables, which may suggest that alternative analytic approaches might yield more accurate
insights. Yet to mention that in a corresponding multivariate study on the national level
(examining the relationship between digital tools and cognitive overload among office
workers during the pandemic) models including more emotional or sensational vari-
ables, such as ‘loss of joy’ or ‘tension’, achieve lower R-squareds than models including
stress-related ‘demands’ and ‘worries’ (Schmitt et al., 2021).

We suspect a withdrawal from pervasive home office use after the pandemic. Never-
theless, the attempt of an approach for the consolidation of home offices supported
through legal obligations, is important. Despite all the damage caused by SARS-CoV-
2, the circumstances provided the opportunity to investigate and gain knowledge for
future developments globally. These findings can serve as an orientation to guide
digital implementation processes at workplaces, i.e. with regard to prevention.

Embedded in prior work: digital stress

The proportion of digitally stressed employees in this study increased even after control-
ling for a change in the composition of departments in terms of age, gender, and income
level. Partly, this can be related to a pandemic-related expansion of digital communi-
cation. For instance, meetings that previously took place in person have been digitized,
triggering the discussion of being ‘always-on’ (Messenger et al., 2017; Samek Lodovici et
al., 2021). The benefits of in-person social activities at work as well as outside from work,
e.g. team events and occupational health interventions, were also eliminated due to WFH
mandates. The increased variance of digital stress could indicate that the pandemic effect
shows different effects depending on the prior exposure to digital work conditions, and
possibly hits the ‘weakest’ particularly hard. By that, a majority is not affected by digital
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stress initially, however, a few are possibly hit early and intensively. This would corre-
spond to the vulnerability aspect of the diathesis-stress model (Ingram & Luxton, 2005).

Likewise in other pandemic-related studies, the usage of information technology, i.e.
social media, is associated with more pronounced psychological strain (Bendau et al.,
2021). Participants with pre-existing fears seem to be vulnerable for mental distress
related to more immoderate media consumption. The adverse mental health effects
associated with the use of new technological devices are primarily influenced by the
manner in which these technologies are utilized. Prolonged usage emerges as a significant
contributing factor to the development of technostress and techno-addiction (Gravelling
et al., 2020). It should be emphasized that working with technology is not harmful per se,
but the way the technology is used, can cause adverse or potentially harmful effects.

The risks to worker health primarily revolve around psychosocial factors, particularly
concerning the absence from the employer’s premises and limited social interactions with
colleagues, which can lead to feelings of isolation. Additionally, extended managerial
monitoring, constant availability expectations, and blurred boundaries between private
life and work can contribute to psychosocial health and safety issues (Cabrell & Gravel-
ing, 2019). Intensified interference of work and home life, social isolation and loneliness,
might have additionally reduced the employees’ capacity to handle changes and related
increase of mental strain in the digital working context. Prior studies have recognized
digital stress as a significant issue (Gimpel et al., 2018). Regarding the increasing special-
ization of technology in work environments, occupational health practitioners should
consider evaluating digital stress as part of medical surveillance, particularly for at-risk
individuals such as workers utilizing information and communication technologies.

Embedded in prior work: negative emotions and physical complaints

An increase in negative emotions and physical complaints cannot be confirmed and
explained by digital stress in the multivariate model. In contrast to digital stress, these
are outcomes of stress, whereas a time-lagged development cannot be ruled
out, even though longer time already passed between the surveys. The health conse-
quences of digital stress and the differentiation from ‘analog stress’ thus remain
under-researched.

Meanwhile, studies in other settings found evidence via biometric markers for stron-
ger stress responses in the face-to-face environment. Gellisch et al. (2022) indicate that
the transfer of a course to an online learning environment is associated with decreased
sympathetic and enhanced vagal cardiovascular influences with lower cortisol concen-
trations in healthy medical students. Participants engaged in face-to-face learning
showed significantly higher cortisol concentrations, but, increased sympathetic acti-
vation correlated with the discrete positive emotion of enjoyment (which enhances learn-
ing) exclusively within the analog course (Gellisch et al., 2022). Such specifications do not
exist for the workplace setting to date.

Shahwan et al. (2022) and Tahernejad et al. (2022) have been investigating ergonomics
to address and identify the causes of musculoskeletal pain in office workers. The setup of
the workstation plays a significant role in musculoskeletal pain prevention, and factors
such as ergonomic chairs, adjustable workstations, and suitable mice or screens are
essential in ensuring proper ergonomics. It is important to evaluate home workstations
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to ensure that these meet appropriate safety standards, i.e. to reduce and prevent physical
complaints.

In the hypothesis model illustrated in Figure 1, there is a line between negative
emotions and physical complaints as well, but due to converging evidence and the
already prevailing complexity we did not examine this relation within the study
project. Research drawing on theories from psychological disciplines, i.e. psychoneur-
oimmunology seemingly completes the triangle as it has identified relationships
between negative emotions with inflammation, the vital process involved in infection
clearance and wound healing (Gouin et al., 2015). Depression, sadness and anxiety
appear to interact in predicting basal levels of inflammation. For instance, anger
and hostility have been associated with increased inflammation (Graham et al.,
2006; Marsland et al., 2008). Stress through negative emotions can promote a
state of chronic low-grade inflammation, which has been associated with detrimental
health outcomes. Although some studies suggest that inflammation may have a
causal pathophysiological role, other evidence suggests that increased inflammation
may reflect simply the presence of risk factors or represent a marker of disease
activity (Gouin et al., 2015). It remains to be noted that due to ommitting the inves-
tigation of the relationship between emotions and physical complaints in this study,
eventually a multivariable, i.e. multiple linear instead of a multivariate analysis has
been conducted (Bunce et al., 2017).

Additionally, considering that the emotions in our study were all being formu-
lated negatively, it should be kept in mind, that negative emotions cannot be
stated as negative solely. In this study, we referred to chronic negative emotions
by cutting off the variable at value 3, i.e. all participants who experienced the sur-
veyed negative emotions and physical complaints more than frequently. Other
findings suggest that accepting negative emotional experiences predicts positive
effects, such as decreased depressive symptoms (Shallcross et al., 2010), which
moves the regulation of emotions into the center of attention (McLean & Foa,
2017). When not regulated properly, negative emotions can create biological harm
on the body that can increase risk for morbidity and mortality (Renna, 2021). In
a longitudinal experience-sampling study across the adult life span, it was found
that not only were frequent experiences of mixed emotions (co-occurrences of posi-
tive and negative emotions) strongly associated with relatively good physical health,
but that increases of mixed emotions over many years attenuated typical age-related
health declines (Hershfield et al., 2013). Recent findings also point to the emotional
benefits associated with promoting positive emotions, such as gratitude and kindness,
during the COVID-19 pandemic (Datu et al., 2022). A strategy of ‘taking the good
with the bad’ may benefit health outcomes, emphasizing the complex interplay
between positive and negative emotions and how this interplay affects physical
well-being, which requires further investigation.

Limitations and future research

As the survey items were formulated in cooperation with practitioners from municipal
administrations, no standardized instruments were utilized in this study. Hence, the
reliability and validity of the results could be limited.
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Further, it is important to note that the respondents self-assessed themselves using
a mostly four-point Likert scale. Although less common than scales with an odd
number of points, even-pointed Likert scales are frequently employed to elicit a
non-neutral decision from respondents (Allen & Seaman, 2007). This potential
bias was mitigated by allowing respondents the option to skip questions or choose
not to answer.

Moreover, the sample may not fully represent home office settings due to two factors
that could introduce selection bias: (i) the voluntary nature of participation and (ii) the
requirement to include only employees from departments undergoing digital implemen-
tation processes. Consequently, it would be intriguing to determine the proportion of
digitally stressed employees working from home in other countries and various economic
sectors through representative surveys.

Eventually, a decrease in the number of cases of about 50 in the dataset should be
noted. Following the official reception of Ukrainian refugees, there was also additional
administrative work apportioned or delegated to employees included in this sample.
Upon further inquiry, this resulting lack of time was cited by the project partners as
by far the most frequent reason for lack of follow-up with the study. However, this
would rather affect the presumably more stressed employees, which would lead to an
underestimation of the stated increase of digital stress.

Due to personnel fluctuation and non-response (not the least for the prior men-
tioned reasons) it cannot be assumed that the study groups are stable over time. The
same employees who participated in the first phase did not necessarily participate in
the second phase, presumably because retirements and/or new hires took place,
amongst other reasons. The nearly identical average age confirm that the samples
are not fully dependent (Tab. 4). For this reason, the calculated standard errors
should be viewed with caution. If, e.g. individuals were employed for only a few
days in the repeated measurement, this would likely lead to less digital stress, nega-
tive emotions, and physical complaints. So, on the one hand, the sample composition
has changed, and on the other hand, the total number of cases has decreased. The
number of cases in a few departments has fallen below the threshold of n < 5 defined
as relevant for data protection. Nevertheless, it is assumed that a departmental
culture anchored in the company is stable over time, which is why we calculated
departmental averages. Still, if the exact same sample of employees was used
twice, then it would be more meaningful to predict changes in an outcome variable
based on changes in predictors.

Further research should aim to test the time-sensitive delays to adopting or adjusting
for psychosomatic outcomes, and, further investigate on mediators, as well as resources
for and consequences of digital stress via complex multivariate causal models. Due to the
subjective composition of the phenomenon, qualitative research methods might be even
more informative to derive preventive measures for individual workplaces and its
employees working from home.

Conclusions

Digital stress increased noticeably for employees in a working from home setting. This
cannot be confirmed for psychosomatically related negative emotions and physical
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complaints. The results reveal just a marginal increase of these variables, whereas the
impact of digital stress on emotions and physical complaints is insignificant. However,
this study adds insights to the current research on stress and especially a delineation
of the phenomenon of digital stress, which is still being explored in its infancy. The
findings highlight the importance of addressing digital stress in occupational health
assessments to better support workers in managing the potential adverse effects of tech-
nology use in the workplace. Moreover, stakeholders who design workplaces, aiming for
undistracted work and employment, should take these insights into account.
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