
Virtanen et al. 
BMC Medical Informatics and Decision Making          (2023) 23:252  
https://doi.org/10.1186/s12911-023-02351-9

RESEARCH Open Access

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom‑
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

BMC Medical Informatics and
Decision Making

Associations of perceived changes in work 
due to digitalization and the amount of digital 
work with job strain among physicians: 
a national representative sample
Lotta Virtanen1*, Anu‑Marja Kaihlanen1, Petra Saukkonen1, Jarmo Reponen2,3, Tinja Lääveri4,5, Tuulikki Vehko1, 
Peppiina Saastamoinen6, Johanna Viitanen5 and Tarja Heponiemi1 

Abstract 

Background  Physicians’ work is often stressful. The digitalization of healthcare aims to streamline work, but not all 
physicians have experienced its realization. We examined associations of perceived changes in work due to digitali‑
zation and the amount of digital work with job strain among physicians. The moderating role of the length of work 
experience was investigated for these associations.

Methods  We used representative survey data on Finnish physicians’ (N = 4271) experiences of digitalization 
from 2021. The independent variables included perceptions on statements about work transformations aligned 
with digitalization goals, and the extent that information systems and teleconsultations were utilized. Stress related 
to information systems (SRIS), time pressure, and psychological stress were the dependent variables. We analyzed 
the associations using multivariable linear and logistic regressions.

Results  Respondents had a mean SRIS score of 3.5 and a mean time pressure score of 3.7 on a scale of 1–5. Psycho‑
logical stress was experienced by 60%. Perceptions associated with higher SRIS comprised disagreements with state‑
ments asserting that digitalization accelerates clinical encounters (b = .23 [95% CI: .16–.30]), facilitates access to patient 
information (b = .15 [.07–.23]), and supports decision-making (b = .11 [.05–.18]). Disagreement with accelerated clinical 
encounters (b = .12 [.04–.20]), and agreements with patients’ more active role in care (b = .11 [.04–.19]) and interpro‑
fessional collaboration (b = .10 [.02–.18]) were opinions associated with greater time pressure. Disagreeing with sup‑
ported decision-making (OR = 1.26 [1.06–1.48]) and agreeing with patients’ active role (OR = 1.19 [1.02–1.40]) were 
associated with greater psychological stress. However, perceiving improvements in the pace of clinical encounters 
and access to patient information appeared to alleviate job strain. Additionally, extensive digital work was consistently 
linked to higher strain. Those respondents who held teleconsultations frequently and had less than 6 years of work 
experience reported the greatest levels of time pressure.

Conclusions  Physicians seem to be strained by frequent teleconsultations and work that does not meet the goals 
of digitalization. Improving physicians’ satisfaction with digitalization through training specific to the stage of career 
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and system development can be crucial for their well-being. Schedules for digital tasks should be planned and allo‑
cated to prevent strain related to achieving the digitalization goals.

Keywords  Occupational stress, Physicians, Health information systems, Electronic health records, Telemedicine

Background
Physicians are often exposed to job strain, such as time 
pressure and psychological stress [1–3], which can be 
described as unpleasant and potentially harmful psycho-
logical reactions to work [4]. Job strain can impair the 
cognitive functions that are essential for physicians’ work 
[5], and has been associated with a decrease in the qual-
ity and safety of care [6, 7]. Additionally, prolonged job 
strain can partly explain the high turnover and shortage 
of physicians [8, 9]. The possible severe consequences of 
job strain on physicians’ health should also not be under-
estimated [8].

Exposure to job strain arises from the significant job 
demands inherent in physicians’ work, such as manag-
ing a heavy workload, staying updated with expand-
ing medical knowledge, and adapting to atypical work 
arrangements [3, 5, 10]. Additionally, the profession is 
characterized by greater emotional demands when con-
fronting distressing situations, challenging patients, and 
the need to conceal one’s emotions [10]. Nevertheless, 
these demands may not always translate into job strain. 
The Job Demands-Control Model [11] identifies two dis-
tinct high-demand work profiles: high strain and healthy 
active. High strain job involves excessive demands that 
often surpass the individual’s ability to exert control over 
work-related decisions, potentially leading to elevated 
job strain. In contrast, healthy active job represents ideal 
working conditions where high demands remain man-
ageable due to a greater degree of control [11]. The Job 
Demands-Resources Model [12] expands this perspective 
by recognizing that, overall, adequate resources provided 
in the workplace could mitigate the adverse effects of 
demanding work on employees’ well-being.

The digitalization of healthcare may have the poten-
tial to serve as a job resource by streamlining work 
[13–17]. Digital work utilizes digital health technolo-
gies (DHTs): health information systems (HISs) such 
as electronic health records (EHRs), clinical decision 
support systems (CDSSs), and telemedicine technology 
with video, chat, or phone connection for teleconsul-
tations with patient and remote collaboration between 
professionals [18]. Additionally, wearable devices and 
digital services can be provided for patient self-care, 
and patients and professionals can exchange informa-
tion through patient portals [18]. The strategic goals 
of implementing these DHTs in healthcare include 
activating patients’ role in care, improving access to 

patient data, supporting clinical decision-making, mak-
ing clinical encounters more efficient, progressing with 
interprofessional collaboration, and enhancing the pos-
sibilities for preventive care [16, 19].

Digitalization, however, represents a significant process 
of change in the nature of work and professional culture 
[17, 20, 21]. This transformation means that working days 
may increasingly blend computer-based tasks with cog-
nitive tasks [22, 23]. Professional performance can now 
be artificial intelligence (AI) -assisted, with prompts, 
optimization, and alerts integrated into HISs [24]. Fur-
thermore, as patients gain greater access to health infor-
mation through the internet and self-generated health 
data, the physician–patient relationship may become less 
hierarchical [17, 20]. Thus, physicians’ guiding role and 
collaboration with patients can increase [17, 20].

A theoretical framework by Day et al. [25] applies job 
strain models to technology-driven organizations, when 
suggesting that the way in which an employee perceives 
digitalization altering work—such as in terms of work-
load, access to information, work control, communi-
cation, and collaboration—could determine whether 
digitalization acts as a stressor or a resource for well-
being at work. Based on the framework, we can hypoth-
esize that physicians might experience increased strain 
if they perceive negative changes in their work due to 
digitalization. Conversely, physicians might experi-
ence reduced strain if they perceive these changes as 
improvements to work and alignment with the goals of 
digitalization.

Previous research has suggested that many physicians 
may not perceive that the alterations correspond with 
the goals of digitalization [26]. Although the connec-
tion between these perceptions and job strain is not yet 
fully known, studies imply that changes by DHTs could 
act as additional stressors in physicians’ work [27–41]. 
Updates to or new implementations of HISs along with 
difficult, malfunctioning equipment and software have 
created a new type of job strain known as stress related 
to information systems (SRIS) [28–31]. Poor usability 
of EHRs, stemming from shortcomings in their design 
and functionality that complicate effective use, has been 
associated with greater time pressure and psychological 
stress [30, 32–34]. Moreover, digital work seems to exac-
erbate work disruptions due to the time spent document-
ing and solving technical issues in EHRs [35–37] and 
reviewing irrelevant pop-ups in CDSSs [38]. Compared 
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to in-person encounters, teleconsultations may require 
more clinical activity from physicians and efforts to build 
a relationship with the patient from a distance [39–41], 
which can be stressful [42, 43].

Furthermore, the amount of digital work involved in 
the job might contribute to job strain. The use of several 
different HISs can increase the complexity of the work 
and has been associated with job strain [30, 33, 44–46]. 
Similarly, employees who engage with technology more 
frequently may confront a more intense work pace, inter-
ruptions, and greater cognitive load, potentially exposing 
them to increased job strain compared to those who have 
lower levels of technology engagement [13, 47, 48].

It is essential to gain a more precise understanding of 
the effects of healthcare digitalization on job strain, par-
ticularly when the attractiveness and retention of health-
care professionals are under scrutiny [9, 49]. Although 
the digitalization of healthcare work has become a global 
phenomenon [50], it may be meaningful to investigate 
its effects in a country that has a history of being at the 
forefront of digitalization. This research evidence could 
guide the planning and development of digital work 
practices and promote a healthy work environment in 
healthcare organizations. Additionally, the findings could 
offer valuable insights for countries in earlier stages of 
digitalization.

Finland is known for its long-term provision of national 
digital health services and extensive use of DHTs [51–53]. 
The intensity of use of most HISs in Finnish healthcare 
organizations is exceptionally high, and teleconsultations 
were performed before the COVID-19 pandemic [52]. 
Despite nationwide practices, not all systems seamlessly 
integrate with each other, which can increase duplicated 
documentation work and hamper continuity of care [54]. 
For example, many areas share a common core EHR sys-
tem, but there are also ancillary systems, such as in emer-
gency departments, diagnostics, and operative units that 
are partly incompatible between sectors, organizations, 
and units [52, 54, 55].

The shortage of physicians also affects Finland, espe-
cially in the public sector and sparsely populated areas 
[56]. Because of the universal access to care in the coun-
try, the public sector (i.e., municipal health centers and 
public hospitals) is the most important employer of phy-
sicians and is also responsible for the most demanding 
treatment [57, 58]. Many physicians work in both the 
public and private sectors. The main place of employ-
ment for 16% of physicians is the private sector, such as 
private practices or occupational healthcare, and 11% of 
physicians work in other areas such as state-supported 
student healthcare [57, 58].

This study aimed to examine the associations of per-
ceived changes in work due to digitalization and the 

amount of digital work with job strain among Finnish 
physicians. Different aspects of job strain—SRIS, time 
pressure, and psychological stress—were considered, 
in order to obtain a comprehensive overview of psy-
chological pressures and their related factors. We also 
investigated whether the length of work experience mod-
erated possible associations, as it may shape experiences 
of strain caused by transforming work [35, 37–42]. We 
addressed the following research questions:

1)	 Do the perceived changes in work due to digitaliza-
tion and the amount of digital work potentially pre-
dict a) SRIS, b) time pressure, and c) psychological 
stress?

2)	 Does the length of work experience moderate these 
potential associations?

Methods
Study design
We performed a cross-sectional study of the data col-
lected for the Electronic Health Record Systems as a Tool 
for Physicians 2021 Study [59]. The primary aim of the 
data collection was to monitor physicians’ experiences 
concerning the usability of HISs in a monitoring project 
in Finland [60].

Data collection
An online survey [61] was conducted between January 
and March 2021. The development and validation of the 
survey is described elsewhere [62, 63]. Physicians of work-
ing age were identified from the Finnish Medical Associa-
tion’s register and invited to participate by e-mail (Fig. 1). 
Up to three reminders were sent, and the response rate 
was 25%. The sample was narrowed to those who used 
HISs in clinical patient work and had at least 2  years of 
work experience to be able to assess longer-term changes 
in work due to digitalization.

The Finnish National Board on Research Integrity [64] 
has outlined that the administration of surveys to gather 
respondents’ opinions, which are not anticipated to result 
in harm, does not necessitate a statement from the ethics 
committee, as in the case of this study. All respondents 
received written information about the study, partici-
pated voluntarily, and provided informed consent by 
clicking the consent box on the first page of the survey.

Dependent variables
SRIS was measured from a mean of two items asking 
how often during the past 6  months the respondent 
had been distracted by, worried about, or burdened by 
1) changing HISs, and 2) awkward, poorly functioning 
IT equipment or software (Cronbach’s alpha [α] = 0.76). 
The responses were rated using a Likert response 
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format: 1 = very rarely or never, 2 = quite rarely, 
3 = occasionally, 4 = quite often, 5 = very often or con-
stantly. This instrument has been previously used in 
studies among physicians [28–30].

Time pressure was assessed from the mean of two items 
asking how often during the past 6 months the respond-
ent had been distracted by, worried about, or burdened 
by 1) constant rush and pressure due to uncompleted 
work, and 2) not enough time to perform work properly 
(α = 0.91). The response options were rated with the same 
alternatives as for the SRIS. The instrument was derived 
from the Harris stress index [65], and has been validated 
[66] and used in studies among physicians [28, 33, 45].

Psychological stress  was based on one question about 
whether the respondent was experiencing stress at that 
moment, described as feeling tense, restless, nervous, 
or anxious, or finding it hard to sleep because of con-
stant worry about things. The response options were: 
1 = not at all, 2 = just a little, 3 = to some extent, 4 = quite 
a lot, and 5 = very much, and were recorded as 0 = no 
(response options 1–2) and 1 = yes (3–5), in a similar 
way to a previous study of physicians [45]. This question 
has been developed from a symptom checklist of mental 
health screening and clinical experiences of occupational 
healthcare, and has been validated and widely used [67].

Independent variables
Perceived changes in work due to digitalization were 
measured by respondents’ opinions on the following 
statements on how the digitalization of healthcare had 
changed their work in the past 3 years:

1)	 Patients have assumed a more active role in their 
treatment (more active role of patients).

2)	 It has become easier to obtain information on 
patients (facilitated access to patient information).

3)	 Intelligent CDSSs support a physician’s work (sup-
ported decision-making).

4)	 Consultations with patients have become faster 
(accelerated clinical encounters).

5)	 Interprofessional collaboration has progressed (pro-
gressed interprofessional collaboration).

6)	 Possibilities for preventive work have improved 
(improved possibilities for preventive work).

The statements were rated: 1 = fully agree, 2 = some-
what agree, 3 = neither agree nor disagree, 4 = some-
what disagree, 5 = fully disagree, which were recoded 
as 1 = neutral (response option 3), 2 = agree (1–2), and 
3 = disagree (4–5). The statements were developed by 
expert researchers based on the Finnish strategic goals 

Fig. 1  Formation of the sample population. The number of physicians in the target and source population was obtained from the Finnish Medical 
Association [57]
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of healthcare digitalization [19] and were piloted. These 
statements have been successfully used previously and 
found to interplay with work-related factors [26].

The amount of digital work was assessed by two vari-
ables. For the number of HISs in daily use, the respond-
ents were asked how many different clinical systems they 
logged into daily in their clinical work. The variable was 
recoded as 1 = two systems or fewer, and 2 = three or 
more. The frequency of teleconsultations was based on 
the respondents’ assessment of how much their main 
employment involved teleconsultation with patients. 
The response options were 1 = not at all, 2 = a little, 3 = to 
some extent, 4 = much, 5 = very much, and recoded as 
1 = not at all–to some extent and 2 = much–very much.

Background variables
The length of work experience was based on the year of 
completion of the basic medical education, encoded 
as 1 = 2–5  years, 2 = 6–9  years, 3 = 10–19  years, and 
4 = 20 years or longer. The employment rate of physicians 
is high in Finland [68], so the time between the year of 
graduation and the survey response could be expected to 
describe the length of employment quite well.

Other background variables (relevant demographic and 
professional factors) and the original questions of the 
study variables are described in Additional file 1.

Data analysis
We employed multiple imputations (n = 5 datasets) using 
an automatic method [69] for all study variables to gen-
erate valid statistical inferences for missing data [70]. 
Details of the missing data and the multiple imputations 
are presented in Additional file  2. All the analyzed and 
displayed data was derived from the means of the esti-
mates in the imputed datasets to obtain a pooled esti-
mate [71]. We described the sample and prevalence of job 
strain with descriptive statistics.

We performed separate linear regression analysis to 
examine the associations of independent variables (i.e., 
perceived changes in work due to digitalization and the 
amount of digital work) with SRIS and time pressure. 
Additionally, we employed logistic regression analysis to 
examine the odds of psychological stress based on the 
same independent variables. In univariable models, we 
measured the crude associations of every single inde-
pendent variable with a) SRIS, b) time pressure, and c) 
psychological stress. We then used the enter method to 
assess whether these associations would change when 
all the independent variables were simultaneously added 
to the multivariable models. This approach allowed us 
to evaluate the predictive power of the models, address 
real-world complexities, and derive more accurate val-
ues for the variables of interest compared to a model 

including only statistically significant variables [72]. We 
also identified potential confounding variables among 
the background factors, guided by previous research 
that has linked factors related to individuals [1, 4, 73], 
the experience and quality of EHRs [30, 33, 74], and the 
work environment [4, 29, 31, 45] to job strain. We deter-
mined which of these background factors might act as 
confounders in our data, using a cut-off of 10% for the 
change-in-estimate criterion [75]. This meant that we 
assessed whether the inclusion versus exclusion of these 
factors in the models resulted in an increase or decrease 
of 10% or more in the estimated coefficients of the inde-
pendent variables. Thus, we adjusted the multivariable 
SRIS and time pressure models for all background vari-
ables and the multivariable psychological stress model for 
gender, experience with the current EHR in use, the EHR 
grade, and the working sector. The assumptions for lin-
ear and logistic regression, including the absence of mul-
ticollinearity [76], were met. Furthermore, we tested the 
potential interaction terms by separately adding interac-
tions between the length of work experience and each 
independent variable to the multivariable models.

The analysis was carried out using IBM SPSS Statistics 
software version 28 with a significance level of α < 0.05.

Results
The sample comprised 4271 physicians (Table  1), of 
whom 51% had the longest work experience of at least 
20  years and 12% the shortest work experience of 
2–5  years. Although the majority (62%) reported inpa-
tient care as their primary working unit, many physi-
cians worked in diverse environments. The mean SRIS 
(M = 3.5, SD = 1.1) was slightly lower compared to the 
mean time pressure (M = 3.7, SD = 1.1). Psychological 
stress was experienced by 60% of respondents. Among 
the statements regarding the changes in work due to 
digitalization, the physicians disagreed the most about 
accelerated clinical encounters (67%), whereas they 
agreed most with statements about the more active role 
of patients (47%) and facilitated access to patient infor-
mation (44%). Almost two-fifths (37%) used at least three 
HISs daily, and 16% reported that they conducted many 
teleconsultations.

Variables associated with SRIS
Table  2 shows the results of the linear regressions for 
SRIS. In the multivariable model, when controlling for 
the other variables, physicians who disagreed with the 
statement about accelerated clinical encounters had on 
average 0.23 (95% CI [0.16, 0.30]) points higher SRIS 
compared to those who perceived the statement as neu-
tral. Similarly, disagreements with the statements about 
facilitated access to patient information (b = 0.15, 95% CI 
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[0.07, 0.23]) and supported decision-making (b = 0.11, 
95% CI [0.05, 0.18]) were associated with higher SRIS. A 
large amount of digital work was also significantly asso-
ciated with higher SRIS. In turn, physicians who agreed 
with the statements about facilitated access to patient 
information (b =  − 0.09, 95% CI [− 0.16, − 0.02]) and 
improved interprofessional collaboration (b =  − 0.07, 
95% CI [− 0.14, − 0.01]) had slightly lower SRIS on aver-
age compared to those who perceived the statements as 
neutral.

Variables associated with time pressure
Table 3 shows the results of the linear regressions for time 
pressure. In the multivariable model, when controlling for 
the other variables, physicians who disagreed with the state-
ment about accelerated clinical encounters had on aver-
age 0.12 (95% CI [0.04, 0.20]) points greater time pressure 
compared to those who perceived the statement as neutral. 
Physicians who agreed that patients had taken a more active 
role (b = 0.11, 95% CI [0.04, 0.19]) and that interprofessional 
collaboration had progressed (b = 0.10, 95% CI [0.02, 0.18]) 

Table 1  Characteristics of the studied physicians (N = 4271)

Characteristics Value

Background

Age, n (%)

   < 35 681 (15.9)

  35–44 1190 (27.9)

  45–54 1131 (26.5)

  55–64 1269 (29.7)

Gender, n (%)

  Male 1459 (34.1)

  Female 2771 (64.9)

  Other 41 (1.0)

Length of work experience, n (%)

  2–5 years 526 (12.3)

  6–9 years 473 (11.1)

  10–19 years 1102 (25.8)

  20 years or longer 2170 (50.8)

Experience with the current EHR, n (%)

   < 1 year 1184 (27.7)

  1–3 years 1239 (29.0)

   > 3 years 1848 (43.3)

EHR grade, n (%)

  Low 2743 (64.2)

  High 1512 (35.4)

  No opinion 16 (0.4)

Working sector, n (%)

  Public hospital 2632 (61.6)

  Public health center 830 (19.4)

  Private clinic or hospital 599 (14.0)

  Other 210 (4.9)

Working unit, n (%)

  Inpatient 2661 (62.3)

  Outpatient 539 (12.6)

  Emergency department 161 (3.8)

  Operative, intensive care, or delivery room 601 (14.1)

  Diagnostics 146 (3.4)

  Administrative 163 (3.8)

Job strain

  SRISa, mean (SD) 3.5 (1.1)

  Time pressurea, mean (SD) 3.7 (1.1)

Psychological stress, n (%)

  No 1700 (39.8)

  Yes 2571 (60.2)

Perceived changes in work due to digitalization

More active role of patients, n (%)

  Neutral 1286 (30.1)

  Agree 1984 (46.5)

  Disagree 1001 (23.4)

Facilitated access to patient information, n (%)

  Neutral 946 (22.2)

  Agree 1880 (44.0)

Table 1  (continued)

Characteristics Value

  Disagree 1445 (33.8)

Supported decision-making, n (%)

  Neutral 1851 (43.4)

  Agree 894 (20.9)

  Disagree 1526 (35.7)

Accelerated clinical encounters, n (%)

  Neutral 998 (23.3)

  Agree 422 (9.9)

  Disagree 2851 (66.8)

Progressed interprofessional collaboration, n (%)

  Neutral 1447 (33.9)

  Agree 1473 (34.5)

  Disagree 1351 (31.6)

Improved possibilities for preventive work, n (%)

  Neutral 1937 (45.4)

  Agree 808 (18.9)

  Disagree 1526 (35.7)

Amount of digital work

Number of HISs in daily use, n (%)

   ≤ 2 2691 (63.0)

   ≥ 3 1580 (37.0)

Frequency of teleconsultations, n (%)

  Not at all–to some extent 3602 (84.3)

  Much–very much 669 (15.7)

EHR Electronic health record, SRIS Stress related to information systems
a Scale ranged between 1 and 5, where a higher score indicated greater job 
strain. Variables were based on the questionnaire of the Electronic Health Record 
Systems as a Tool for Physicians 2021 Study [61]
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had greater time pressure compared to those with a neutral 
perception of the statements. A large amount of digital work 
was also significantly associated with greater time pressure.

Variables associated with psychological stress
Table 4 presents the results of the logistic regressions for 
psychological stress. In the multivariable model, when 
controlling for the other variables, physicians who disa-
greed with the statement about supported decision-mak-
ing and agreed with the statement about the more active 

role of patients had on average 1.26 (95% CI [1.06, 1.48]) 
and 1.19 (95% CI [1.02, 1.40]) times greater odds of psy-
chological stress, respectively, compared to those with a 
neutral perception. However, physicians who agreed with 
facilitated access to patient information (OR = 0.84, 95% CI 
[0.70, 0.98]) and accelerated clinical encounters (OR = 0.72, 
95% CI [0.56, 0.92]) had lower odds of psychological stress 
compared to their counterparts. The odds of psychologi-
cal stress were 1.47 (95% CI [1.22, 1.76]) and 1.19 (95% CI 
[1.04, 1.47]) times greater for physicians who conducted 

Table 2  Results of the univariable and multivariable linear regression analyses for SRIS

N = 4271. SRIS Stress related to information systems, b unstandardized beta coefficient, which indicated how many points on average the SRIS score (scale 1–5) 
increased or decreased in a certain group compared to a reference group; CI Confidence interval, ref. Reference, HISs Health information systems. The univariable 
model measured the independent effect of each variable with SRIS separately. The multivariable model measured the joint effects of the variables of perceived 
changes in work due to digitalization and amount of digital work with SRIS, adjusted by gender, length of work experience, experience with the current EHR, EHR 
grade, location of employment, working sector, and working unit. The multivariable model was significant, F (35, N = 4271) = 83.79, P < .001, explaining 41% (R2) of the 
variance in SRIS. Variables were based on the questionnaire of the Electronic Health Record Systems as a Tool for Physicians 2021 Study [61]

Variable Univariable model Multivariable model

b 95% CI P value b 95% CI P value

Perceived changes in work due to digitalization

More active role of patients

  Neutral ref ref

  Disagree .13 .04, .22 .003  − .05  − .14, .03 .20

  Agree  − .10  − .18, − .03 .01 .01 -.05, .07 .76

Improved possibilities for preventive work

  Neutral ref ref

  Disagree .24 .17, .31  < .001 .01  − .06, .08 .73

  Agree  − .24  − .33, − .15  < . 001 .01  − .07, .09 .77

Progressed interprofessional collaboration

  Neutral ref ref

  Disagree .31 .23, .39  < .001  − .03  − .11, .04 .43

  Agree  − .26  − .33, − .18  < .001  − .07  − .14, − .01 .03

Supported decision-making

  Neutral ref ref

  Disagree .38 .31, .45  < .001 .11 .05, .18  < .001

  Agree  − .20  − .28, − .11  < .001  − .03  − .11, .04 .37

Facilitated access to patient information

  Neutral ref ref

  Disagree .57 .49, .65  < .001 .15 .07, .23  < .001

  Agree  − .31  − .39, − .23  < .001  − .09  − .16, − .02 .008

Accelerated clinical encounters

  Neutral ref ref

  Disagree .63 .56, .71  < .001 .23 .16, .30  < .001

  Agree  − .25  − .37, − .13  < .001  − .03  − .13, .07 .58

Amount of digital work

Number of HISs in daily use

   ≤ 2 ref ref

   ≥ 3 .52 .46, .59  < .001 .24 .18, .29  < .001

Frequency of teleconsultations

  Not at all–to some extent ref ref

  Much–very much .06  − .03, .15 .21 .15 .07, .22  < .001
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many teleconsultations and used three or more HISs, 
respectively, compared to their counterparts.

The moderating effect of the length of work experience
We found a significant interaction effect between the 
frequency of teleconsultations and the length of work 
experience in terms of time pressure (Fig.  2). Among 
the physicians who conducted many teleconsultations, 
those who had worked as a physician for 2–5  years 
had on average greater time pressure compared to 

those who had worked 6–9  years (b =  − 0.43, 95% 
CI [− 0.80, − 0.07]), 10–19  years (b =  − 0.40, 95% CI 
[− 0.71, − 0.09]), or 20 years or longer (b =  − 0.46, 95% 
CI [− 0.75, − 0.17]), when controlling for the other 
variables.

Discussion
In this study, we examined the associations of perceived 
changes in work due to digitalization and the amount of 
digital work with job strain among Finnish physicians, 

Table 3  Results of the univariable and multivariable linear regression analyses for time pressure

N = 4271, b Unstandardized beta coefficient, which indicated how many points on average the time pressure score (scale 1–5) increased or decreased in a certain 
group compared to a reference group; CI Confidence interval, ref. Reference, HISs Health information systems. The univariable model measured the independent effect 
of each variable with time pressure separately. The multivariable model included simultaneously the variables of perceived changes in work due to digitalization and 
amount of digital work with time pressure, adjusted by gender, length of work experience, experience with the current EHR, EHR grade, location of employment, 
working sector, and working unit. The multivariable model was significant, F (35, N = 4271) = 20.84, P < .001, explaining 15% (R2) of the variance in time pressure. 
Variables were based on the questionnaire of the Electronic Health Record Systems as a Tool for Physicians 2021 Study [61]

Variable Univariable model Multivariable model

b 95% CI P value b 95% CI P value

Perceived changes in work due to digitalization

More active role of patients

  Neutral ref ref

  Disagree .12 .03, .21 .007 .01  − .09, .10 .92

  Agree .14 .07, .22  < .001 .11 .04, .19 .004

Improved possibilities for preventive work

  Neutral ref ref

  Disagree .18 .11, .26  < .001 .08  − .004, .17 .06

  Agree .04  − .05, .13 .38 .06  − .03, .15 .21

Progressed interprofessional collaboration

  Neutral ref ref

  Disagree .17 .09, .25  < .001 .02  − .07, .11 .66

  Agree .11 .04, .19 .004 .10 .02, .18 .01

Supported decision-making

  Neutral ref ref

  Disagree .12 .05, .19 .001 .05  − .03, .12 .23

  Agree .11 .03, .20 .01 .04  − .05, .12 .41

Facilitated access to patient information

  Neutral ref ref

  Disagree .15 .06, .24  < .001 .004  − .09, .10 .92

  Agree  − .10  − .19, − .02 .02  − .06  − .14, .02 .15

Accelerated clinical encounters

  Neutral ref ref

  Disagree .28 .20, .35  < .001 .12 .04, .20 .003

  Agree  − .14  − .26, − .02 .03  − .09  − .21, .02 .12

Amount of digital work

Number of HISs in daily use

   ≤ 2 ref ref

   ≥ 3 .29 .22, .35  < .001 .17 .11, .23  < .001

Frequency of teleconsultations

  Not at all–to some extent ref ref

  Much–very much .19 .10, .28  < .001 .22 .14, .31  < .001
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and the moderating role of the length of work experi-
ence. The physicians reported a relatively high degree 
of job strain, as they, on average, indicated experiencing 
SRIS and time pressure quite often, similarly to earlier 
Finnish studies [28–30]. Furthermore, 60% of physi-
cians in our study experienced psychological stress at 
least to some extent, which is 14 percentage points 
higher than in the data collected 4  years earlier [45]. 
During this time frame, digitalization further acceler-
ated [52, 53]. Our results suggest that all the perceived 

changes in work due to digitalization in recent years 
that we studied, except for the change related to pre-
ventive work, and the amount of digital work may pre-
dict job strain. Exposure to digital job strain may occur 
in the early stages of a physician’s career in particular.

We found higher SRIS among physicians who con-
sidered that digitalization had not accelerated clinical 
encounters, facilitated access to patient information, or 
supported decision-making. Greater time pressure was 
experienced by those who felt that clinical encounters 

Table 4  Results of the univariable and multivariable logistic regression analyses for psychological stress

N = 4271, OR The Odds Ratio indicated, on average, how many times greater or lower odds of psychological stress there were for a certain group compared to a 
reference group; CI   Confidence interval, ref. Reference, HISs Health information systems. The univariable model measured the independent effect of each variable 
with psychological stress separately. The multivariable model included simultaneously the variables of perceived changes in work due to digitalization and amount of 
digital work, adjusted by gender, experience with the current EHR, EHR grade, and working sector. The multivariable model was significant, χ2 (23, N = 4271) = 243.74, 
P < .001, explaining 8% (Nagelkerke R2) of the variance in psychological stress. The goodness-of-fit of the model was good (Hosmer–Lemeshow test with P > .05), and 
the model correctly classified 63% of cases. Variables were based on the questionnaire of the Electronic Health Record Systems as a Tool for Physicians 2021 Study [61]

Variable Univariable model Multivariable model

OR 95% CI P value OR 95% CI P value

Perceived changes in work due to digitalization

More active role of patients

  Neutral ref ref

  Disagree 1.15 .97, 1.37 .10 .99 .81, 1.20 .88

  Agree 1.12 .97, 1.30 .12 1.19 1.02, 1.40 .03

Improved possibilities for preventive work

  Neutral ref ref

  Disagree 1.26 1.09, 1.45  < .001 1.15 .96, 1.38 .13

  Agree .87 .73, 1.02 .09 .92 .76, 1.11 .41

Progressed interprofessional collaboration

  Neutral ref ref

  Disagree 1.20 1.03, 1.40 .02 .97 .80, 1.17 .74

  Agree 1.01 .87, 1.17 .96 1.11 .94, 1.31 .22

Supported decision-making

  Neutral ref ref

  Disagree 1.31 1.14, 1.32  < .001 1.26 1.06, 1.48 .007

  Agree .99 .84, .89 .91 1.02 .85, 1.23 .83

Facilitated access to patient information

  Neutral ref ref

  Disagree 1.11 .93, 1.32 .24 .87 .72, 1.06 .17

  Agree .76 .65, .89  < .001 .84 .70, .98 .04

Accelerated clinical encounters

  Neutral ref ref

  Disagree 1.30 1.12, 1.51  < .001 1.05 .89, 1.24 .58

  Agree .65 .52, .82  < .001 .72 .56, .92 .009

Amount of digital work

Number of HISs in daily use

   ≤ 2 ref ref

   ≥ 3 1.39 1.22, 1.58  < .001 1.19 1.04, 1.47 .01

Frequency of teleconsultations

  Not at all–to some extent ref ref

  Much–very much 1.45 1.36, 1.55  < .001 1.47 1.22, 1.76  < .001
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were not accelerated, but who felt that patients were 
more active and interprofessional collaboration had been 
progressed. Those who considered that decision-mak-
ing had not been supported by digitalization and that 
patients were activated seemed to have a greater chance 
of psychological stress. However, the experience of facili-
tated access to patient information was associated with 
lower SRIS and a lower chance of psychological stress; 
and experiences of improved interprofessional collabora-
tion and accelerated clinical encounters were associated 
with lower SRIS or a lower chance of psychological stress, 
respectively. Moreover, the use of three or more HISs 
and frequent teleconsultations were consistently related 
to higher job strain. The length of work experience mod-
erated the association between the frequency of telecon-
sultations and time pressure: physicians who frequently 
performed teleconsultations and had less than 6 years of 
work experience reported the greatest time pressure.

Our study involved a diverse group of physicians, 
including those who were dissatisfied with the changes 
in access to patient information and the pace of clini-
cal encounters resulting from digitalization, as well as 
those who were content with these changes. It is note-
worthy that these varying attitudes may strongly predict 
the level of SRIS, time pressure, or psychological stress. 
Since improved access to patient data is a fundamental 
aspect of HISs, our finding that its disagreement serves 

as a stressor may imply that some physicians perceive the 
use of HISs as too complex or that they may lack suffi-
cient training, complementing previous studies [28–30, 
77]. Additionally, those who are dissatisfied with the 
HISs may feel they disrupt clinical encounters, negat-
ing their time-saving benefits [35–37]. Our results are 
also in line with the broader literature on technostress, 
which suggests that digital technologies can introduce 
new demands at work due to their complexity and unreli-
ability, the need for continuous learning, and related per-
ceived unrealistic expectations of work efficiency [78, 79].

Nevertheless, our study also supports the frame-
work by Day et  al. [25], as it highlights the dual nature 
of physicians’ experiences with technology in relation 
to job strain. In our study, for some physicians, changes 
in access to patient information and clinical encounters 
resulting from digitalization appeared to serve as job 
resources, which may alleviate job strain. Digitalization-
induced work resources, such as EHRs that support work 
and teleconsultations that increase job control and bal-
ance job demands, have also been identified as factors 
that may reduce job strain in previous Nordic studies [14, 
30]. Since only a minority of the participants in our study 
appeared to be satisfied with digitalization, there is a 
critical need to enhance physicians’ positive perceptions 
through training [77] and developing DHTs that cater to 
the demands of routine work in Finland.

Fig. 2  The moderating effect of the length of work experience on the time pressure model. Interaction between frequency of teleconsultations 
and the length of work experience for mean time pressure score with 95% CI among physicians (N = 4271)
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In our study, disagreement that CDSSs had supported 
decision-making was associated with higher SRIS and, 
on average, a 26% greater chance of psychological stress 
compared to those who were neutral about the change. 
Possible explanations for this might be the lack of trust 
in the accuracy of data collected by AI and that frequent 
verification is required [44], or the disruptive presence of 
irrelevant pop-ups in CDSSs [38]. The concept of alert 
fatigue has been used to describe a situation where the 
ability to respond to an alert is declining due to repeated 
exposure to inconsequential alerts [80]. Indeed, lacking 
or poorly constructed reminders and CDSSs that are not 
properly integrated in important fields of medicine may 
become counterproductive if physicians are unable to 
cognitively discern and absorb essential reminders from 
irrelevant ones.

Our study suggests that some of the benefit-seeking 
changes in work related to digitalization could increase 
physicians’ job strain. For example, we found that 
patients taking an active role was associated with greater 
time pressure and psychological stress for the physicians. 
Patient self-care has previously been linked to lower use 
of healthcare resources [81, 82], but our results suggest 
that digital self-care could increase physicians’ work-
loads. Supporting our results, previous studies have 
found that work efficiency is compromised because 
active patients seek assistance for the same issue—not 
only through digital contact but also through other chan-
nels [21, 44]. Other additional tasks brought about by 
digitally active patients, such as documenting data in an 
understandable format for patients [83], communicating 
asynchronously with patients [44, 84, 85], and acting as 
a digital tutor [20, 21], may also help explain our results. 
These new tasks should be recognized in organizations’ 
work planning. DHTs should only be provided to patients 
who are suited to digital self-care, and guidelines should 
be established for organizations to facilitate this assess-
ment [86]. The authorities should increase technical 
digital support, to which the physician can refer a patient 
in need of assistance. Moreover, the work and informa-
tion overload of physicians could be reduced by ensuring 
that patients use DHTs that are assessed as effective, for 
which initiatives are underway [87], and by developing 
methods to filter information that is relevant to patient 
care from the self-measurement data.

Another interesting result from our study was that the 
physicians’ experience that the interprofessional col-
laboration had progressed was related to lower SRIS 
but greater time pressure. The association with lower 
SRIS may indicate that some physicians have good user 
experience of DHTs, meaning they find these technolo-
gies easy to use and effective for professional communi-
cation and data sharing, previously shown to promote 

interprofessional collaboration [88–90]. The association 
with increased time pressure is somewhat surprising, as 
interprofessional collaboration supported by digitaliza-
tion has been expected to reduce and allocate tasks [89, 
91]. However, the findings of a review [92] suggest that 
professionals may not yet know how to work effectively 
in joint decision-making or coordination of care, and 
learning remote collaboration may be time-consuming. 
Organizations should therefore plan good practices for 
interprofessional collaboration [92, 93].

Our study found an association between a considerable 
amount of digital work and all job strain outcomes. The 
use of several HISs as a stressor is consistent with pre-
vious studies [30, 33, 44–46], and based on our results, 
continued efforts are needed to promote HISs interop-
erability. To our knowledge, our results on teleconsulta-
tions as a stressor bring new insights to the research field. 
For example, physicians who frequently conduct telecon-
sultations can have on average a 47% greater chance of 
psychological stress compared to those who perform tel-
econsultations only to some extent. This result conveys 
previous work-life research that has suggested an asso-
ciation between extensive technology exposure in general 
and employee stress [13, 47, 48].

Our results may be partly explained by the COVID-
19 pandemic, during which teleconsultations were rap-
idly adopted [50, 52] and not everyone was qualified to 
conduct them [94]. The digital competence needs for 
teleconsultations include knowledge and skills about 
information security and management, strategies for dig-
ital communication and patient engagement, and effec-
tive utilization of telemedicine technologies, as well as 
the motivation to encounter patients remotely [94, 95]. 
After 2020 in Finland, teleconsultation education has 
been included in the national medical curriculum [96] 
and training has been organized for practicing physicians 
[97]. Internationally, there is evidence of the benefits of 
comprehensive teleconsultation training on physicians’ 
stress [39]. Employers should require their staff to partic-
ipate in these training courses during working hours, as 
voluntary courses might not be conducive to busy work 
schedules or reach individuals with a critical perception 
of digitalization [98]. The effects on the well-being at 
work should also be monitored.

Our study suggested that among physicians who fre-
quently conduct teleconsultations, the greatest time pres-
sure may be experienced by those with fewer than 6 years 
of work experience. The result corroborates previous 
studies of early-career physicians, in which time man-
agement challenges have also been found to be common 
in traditional consultations [99, 100] and documenta-
tion work [101, 102], and preparedness for teleconsulta-
tions has been perceived as weak [103]. Thus, although 
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early-career physicians tend to have grown up in the 
information age, they should not be expected to adapt 
easily to teleconsultations. Inexperience may complicate 
the assessment of a patient’s condition via a remote con-
nection and patient description within the limited time 
available. Therefore, it is essential that employers sup-
port the development of teleconsultation capabilities by 
organizing effective time management training compris-
ing time management tools, practical advice, and real-life 
applications, for example [99].

Limitations
This study has some limitations. The small R2 values 
(8–41%) of the models suggest that the independent vari-
ables could not comprehensively explain the variance in 
physicians’ job strain. Although we adjusted the analysis for 
several factors, it is likely that adding potential confound-
ers from factors that were not captured by the survey, such 
as leadership and those related to the personal lives of the 
physicians, would have rendered the analysis more reliable. 
It should be noted that the respondents could have inter-
preted the response option ‘disagree’ differently in positively 
worded statements about work change. However, disagree-
ment with several statements was associated with a greater 
job strain compared to a neutral perception. As a result, we 
interpreted that the ‘disagree’ response meant a change to 
work in the opposite direction to the presented statement. 
Moreover, momentary stressors at work may have possibly 
affected the responses. We were still able to adjust the analy-
sis for the limited experience in the use of the current EHR 
system, which can be stressful [30, 74]. Causality cannot 
be established in our cross-sectional data; therefore, future 
research may employ longitudinal design, utilizing organi-
zational absenteeism records and well-being surveys.

The 25% response rate to our survey is a limitation, 
but the rate is similarly low in previous studies targeting 
physicians [104]. The low response rate may, in part, be 
attributed to the common challenge related to surveys 
distributed via email, where not all messages may have 
been successfully delivered, or where email addresses 
could have changed. Our sample included the experi-
ences of almost every fourth Finnish physician and is 
estimated to be representative, although older physicians, 
specialists, and those working in hospitals may have been 
slightly overrepresented [57, 105]. The generalizabil-
ity of our results might be less robust when considering 
younger physicians, non-specialists, and those work-
ing in public health centers in Finland. Caution must be 
taken with regard to the generalizability of the results to 
other countries with different health systems. As digitali-
zation has accelerated worldwide [50], the means to pre-
vent possible adverse effects on physicians’ well-being at 
work should also be considered in other countries.

Conclusions
Physicians may experience job strain when the amount of 
digital work is significant, and the changes in work do not 
align with the goals of healthcare digitalization or streamline 
tasks. The goals of future digitalization should better con-
sider the physician’s routine work, and not only focus on the 
health system perspective. Physicians’ perceptions of goals 
not being realized and greater job strain may be related to 
the use of HISs that disrupt clinical encounters, reminders 
embedded in HISs that do not support decision-making, 
and insufficient competence in teleconsultations. Neverthe-
less, our results suggest that a portion of physicians was sat-
isfied with the changes due to digitalization, which may have 
alleviated their job strain. This emphasizes how important it 
is to foster physicians’ positive perceptions of digitalization 
through training and improving DHTs. Teleconsultation 
training focusing on time management could promote the 
well-being of early-career physicians in particular. Patients 
adopting a more active role and changes in interprofessional 
collaboration with digitalization may have increased physi-
cians’ workloads, which should be recognized in work plan-
ning. We recommend investing in physicians’ well-being in 
digital work to ensure the success of digitalization and the 
retention of competent and committed physicians.
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