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the stress levels of healthcare
workers during the COVID-19
pandemic: First interim results of
a multicenter follow-up study
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1Peking University Sixth Hospital, Peking University Institute of Mental Health, NHC Key Laboratory

of Mental Health (Peking University), National Clinical Research Centre for Mental Disorders (Peking
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Methodology, Institute of Psychology, University of Freiburg, Freiburg, Germany, 3Department of

Psychosomatic Medicine and Psychotherapy, University Medical Centre Freiburg, Freiburg,
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Background: Research is lacking on the long-term influence of

workplace factors on the mental health of health care workers during

the COVID-19 pandemic.

Methods: We distributed two online surveys to health care workers

between May and October 2020 (T1) and between February and April

2021 (T2). Perceived stress, coronavirus-related risks, and workplace factors

were measured via self-report questionnaires at both time points. We

conducted hierarchical linear regression to investigate the predictive factors

for high stress.

Results: A total of 2,110 participants from seven countries and 4,240

participants from nine countries were enrolled at T1 and T2, respectively.

Among them, 612 participated in both surveys. We called this cohort T1

+ T2. High stress was reported in 53.8 and 61.6% of participants at T1

and T2, respectively. In cohort T1 + T2, compared with the baseline,

the level of stress rose significantly (6.0 ± 2.9 vs. 6.4 ± 3.1), as did

health/safety in the workplace (3.9 ± 0.8 vs. 4.2 ± 0.7). Unfortunately,

we did not detect any significant di�erence concerning support in the

workplace. Among all factors at baseline, being older than 35 [β (95% CI) =

−0.92 (−1.45, −0.40)], support [−0.80 (−1.29, −0.32)], and health/safety in

the workplace [−0.33 (−0.65, −0.01)] were independent protective factors,

while a positive history of mental disorders [0.81 (0.26, 1.37)] and rejection

in private life [0.86 (0.48, 1.25)] were risk factors for high stress at T2.
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Conclusion: To relieve the high stress of health care workers, organizational-

level approaches should be implemented, especially measures designed to

enhance support, health/safety in the workplace, and to reduce the rejection

of the public.
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Introduction

According to the World Health Organization (WHO), as of

30 November 2021, the coronavirus disease 2019 (COVID-19)

pandemic has resulted in 261,435,768 confirmed cases globally,

including 5,207,634 deaths. It has posed an unprecedented threat

to the entire world (1).

Given the human-to-human transmission of the

coronavirus, frontline health care workers (HCWs) have

been at high risk of becoming infected through close contact

with COVID-19 patients. In addition, when the number of

patients exploded and medical resources were insufficient,

HCWs were under tremendous stress, both physically and

psychologically (2). The relative shortage of personal protective

equipment (PPE) in the very early stages of the pandemic,

overwork, frustration, discrimination, isolation, and worrying

about family members made the challenge more difficult (3).

Therefore, the mental health of HCWs has been negatively

affected. A meta-analysis showed that the pooled prevalence

rates of moderate to severe post-traumatic stress symptoms,

anxiety, depression, and sleep disturbances among HCWs in

China were as high as 27, 17, 15, and 15%, respectively during

the COVID-19 pandemic. Among them, frontline HCWs,

women, nurses, and those working in Wuhan, China reported

more severe degrees of mental health symptoms (4). In addition,

a high prevalence of professional burnout was detected (5–7).

To mitigate the mental health problems and stress of

HCWs, multifaceted interventions have been proposed and

adopted. On the individual level, psychological support has been

provided through a variety of methods to help heavily burdened

HCWs, including hotline services, psychological counseling,

online platforms with psychological self-help information, and

support groups (8, 9). At the organizational level, harmful

workplace factors have been identified and improved to prevent

the deterioration of the mental health and wellbeing of HCWs.

Some work-related risk factors have been investigated and

discussed more frequently, including high COVID-19 exposure

and heavy workload (10). Therefore, adequate PPE, shorter

work shifts, and convenient accommodations and diet have been

recommended to buffer against the negative impact of stress

(5, 11, 12). However, other workplace factors—such as support

and cohesion in the workplace and rejection or discrimination

toward HCWs due to the risk of contagion—have been far less

discussed. Based on previous experiences, if handled improperly,

these factors can lead to poor communication, impaired trust,

and weakened teamwork. Hence, teams that were newly formed

in the course of coronavirus-related restructuring or that have

come into conflict situations due to stress overload should

pay special attention to these factors. Moreover, most studies

concerning COVID-19 have been cross-sectional, and the long-

term effect of workplace factors remains unknown.

In sum, to provide evidence for governments and policy-

makers, the association between workplace factors and the

stress of HCWs during the COVID-19 pandemic needs to be

investigated in a large-scale sample over the long term. Thus,

as part of the Cope-Corona project, we aimed to evaluate the

level of stress, coronavirus-related risks (the frequency of contact

with COVID-19 patients and self-perceived risk), and workplace

factors (support in the workplace, health/safety in the workplace,

and rejection in private life due to work) of HCWs frommultiple

countries and how they have changed during the COVID-19

pandemic, as well as to identify predictive factors of a high level

of stress.

Materials and methods

Study design

This study was part of the Cope-Corona project, which

aims to investigate how medical staff have handled the

coronavirus pandemic, and to examine their resources and

coping strategies. In addition to the variables reported here,

further scales measuring individual resources and psychological

reactions to the pandemic will be reported and analyzed in

subsequent papers.

The working group was founded based on the European

Association for Psychosomatic Medicine (EAPM), along with

Paracelsus Medical University, Nuremberg General Hospital,

and Catholic University Eichstätt-Ingolstadt, led by C. Waller

serving as the principal investigator. All members of EAPMwere

informed about the research initiative and asked to participate.

The whole project was designed to be carried out at three

points in time: T1 between June and October 2020, during the
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first phase of the pandemic; T2 between February and April

2021, during a possible second peak; and T3 in Spring 2022.

This process resulted in a group of partners situated in Ireland,

Andorra, Spain, Germany, Italy, Romania, and Iran for T1. At

T2, partners in Poland and China joined the working group.

We designed the study as an online survey using the

Qualtrics survey tool (https://www.qualtrics.com). The survey

was made available in German, English, Spanish, Catalan,

Italian, Romanian, and Farsi. Additional versions in Polish

and Chinese were available at T2. The Qualtrics tool reads

the language settings from the user’s browser and presents the

adequate language accordingly.

The survey was fully anonymized. We did not gather any IP

addresses or geographic data. Subjects were asked to give a self-

generated identification code to match subjects at the different

assessment points in time.

We obtained ethical approval from the Institutional

Review Board of Paracelsus Medical University, General

Hospital Nuremberg (No. IRB-2020-017) and from each study

center. All participants received full disclosure and provided

informed consent.

Participants

All adult (≥18 years old) employees of the hospitals and

their subcontractors—including medical doctors, nurses,

medical-technical personnel, psychologists, medical students,

administrative workers, and researchers—were asked to

participate in the survey. Otherwise, there were no exclusion

criteria. To ensure the validity of the responses, the inclusion

criterion was a response to at least 50% of the questions.

This means that we excluded participants from the analysis

who answered less than 50% of the questions. The 50%

rule was agreed upon at the beginning of the survey by the

members of the research group as a heuristic approach to

exclude unfinished surveys. All questions were weighted

the same. At both measurement time points, all employees

were invited to participate in the survey, regardless of their

previous participation.

Instruments

We measured the constructs in the questionnaire using

established, validated psychometric scales or with ad hoc

instruments where appropriate tools were not available. We

analyzed all ad hoc scales using confirmatory factor analysis

(CFA) and tests for internal consistency with satisfying results

(for details, see Muller et al., under publication).

Perceived stress. We gauged perceived psychological stress

using the Perceived Stress Scale (PSS-4) (13), a self-report

tool to evaluate the degree to which individuals feel about

controllability and confidence in handling stressful situations

in the previous month. The PSS-4 consists of 4 items, with the

answers being rated on a 5-point scale (0= “never”, 1= “almost

never”, 2 = “sometimes”, 3 = “fairly often”, and 4 = “very

often”). The psychometric properties of the PSS-4 are acceptable

across cultures and countries (14, 15).

Contact with COVID-19 patients. Respondents were asked

whether they dealt directly with coronavirus-infected patients

or suspected cases in their work. Answers were scaled from 1 =

“not at all”, 2= “rarely”, 3= “sometimes”, and 4= “very much”.

Risk perception. At T1, personal risk concerning the

coronavirus was measured with three items on 5-point scales,

specifying the probability of becoming infected (“extremely

improbable” to “extremely probable”), the danger of becoming

infected themselves (“completely harmless” to “extremely

dangerous”), and concern about infecting people in their

personal lives (“very little” to “very much”). At T2, the question

about the probability of becoming infected was rated on a

6-point scale, with an additional option of “I have been

infected already”.

Health/safety in the workplace. We measured health/safety

in the workplace using two items: one was about the availability

of PPE, and the second, more general item was “I am confident

that I can stay healthy at work”. Both were rated on 5-point

scales (1 = “strongly agree”, 2 = “agree”, 3 = “undecided”, 4 =

“disagree”, and 5= “strongly disagree”).

Support in the workplace. We gauged support in the

workplace with five items using statements representing

the quality of within-team collaboration, cross-team

communication, trust in supervisors, recognition from

supervisors, and information provided by the hospital. All items

used 4-point scales ranging from 1 = “strongly disagree”, 2 =

“disagree”, 3= “agree”, and 4= “strongly agree”.

Rejection in private life. We measured rejection in private

life concerning one”s job at the hospital using two items: one

clarifying rejection or hostility experienced in private life, and

the other involving support for one’s job in private life. Both

were measured on 4-point scales (1 = “strongly disagree”, 2 =

“disagree”, 3= “agree”, and 4= “strongly agree”).

Demographic and occupational variables. We measured

job experience in three categories (less than 3 years, 3 to 6

years, and more than 6 years). In addition we examined sex,

age, job position at the hospital, and the previous history of

mental illnesses.

Definition of a high level of stress

The stress level was reflected by the sum score of the PSS-

4, which ranged from 0 to 16. Higher scores indicate higher

levels of stress. However, in previous literature, no cut-off values

were established for a high level of stress. In previous studies

on the association between perceived stress and cardiovascular
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disease (16) or peripheral artery disease (17), a score of 6 has

been adopted based on its distribution within the populations

studied. In our study, the 25th, 50th, and 75th percentiles of the

PSS-4 scores in both the T1 and T2 samples were 4, 6, and 8,

respectively. Hence, we employed a PSS-4 score of 6 to categorize

participants with high levels of self-perceived stress.

Statistical methods

As reported in the instrument section, we provided an

additional option of “I have been infected already” for the

question on the probability of becoming infected at T2, which

should have been coded as “6”. As a result, 359 (8.5%)

participants chose this option. However, at T1, the question

was assessed using a 5-point scale ranging from “1” to “5”.

Hence, at T2, a sum score of this construct could lead to a

higher estimation of the level of risk perception. To solve this

problem, when establishing risk perception at T2, we recoded the

option of “I have been infected already” as an invalid value, and

excluded participants who chose this option from the analysis.

The missing values of other variables were less than 1% and

replaced by the linear interpolation method.

For continuous variables, we used an independent samples

t-test to determine the difference between participants who

did and did not have high levels of stress, and the paired

samples t-test to compare measurements at the two time

points. To estimate the effect size, we computed Cohen’s d

accordingly. The χ2 test was used for categorical variables, and

the Bonferroni method was adopted for multiple comparisons.

A p value of less than 0.05 (two-tailed) was considered

significant. We performed hierarchical linear regression analysis

to investigate the predictive factors of high stress levels. We

entered coronavirus-related risks (both the frequency of contact

with COVID-19 patients and self-perceived risk), workplace

factors (support in the workplace, health/safety in the workplace,

and rejection in private life due to work), and demographic

variables that showed a univariate relationship with high levels

of stress into the model. We adopted the stepwise method, with

a p value of less than 0.05 to enter and less than 0.10 required to

stay in the model. Statistical analyses were performed with IBM

SPSS Statistics, version 24.0.

Results

Demographic and occupational
characteristics

As presented in Figure 1, 2,110 and 4,240 participants were

enrolled at T1 and T2, respectively. Of these HCWs, 612

participated in the cohort T1+T2.

The detailed demographic and occupational characteristics

are shown in Table 1. At both T1 and T2, the percentages of

female and middle-aged HCWs, nurses and doctors, and HCWs

with more than 6 years of experience were higher. At T1, most

HCWs were from Nuremberg, Germany (63.4%), while at T2,

most of them were from three centers in Spain (31.3%) and

Nuremberg (27.0%), Germany and two centers in China (12.9%)

and Wroclaw in Poland (12.9%), respectively. Besides, 14.6 and

15.5% health professionals reported a positive history of mental

disorders in T1 and T2, respectively.

With a score of 6 or higher in PSS-4 indicating a high

level of stress, we categorized the HCWs into two subgroups. A

high stress level was reported in 53.8% (1,136/2,110) and 61.6%

(2,610/4,240) of the HCWs at T1 and T2, respectively.

Compared with their non-highly stressed counterparts,

highly stressed HCWs had higher rates of positive history of

mental disorders, were younger, and had less job experience;

more were female but fewer were doctors. In addition, the shares

of highly stressed HCWs differed significantly among different

centers, as did the change in proportions in the two surveys.

For example, at T1, the proportions of HCWs with high stress

were significantly higher in Chieti, Italy (69.1%) and Tehran,

Iran (67.6%) than in Barcelona and Dexeus, Spain (36.2%) and

Andorra (48.4%). At T2, the shares of heavily stressed HCWs

increased the most in Spain and Nuremberg, Germany, and the

percentages rose to as high as 76.7% in Chieti, Italy. A large

number of HCWs from new centers in T2, i.e., Poland and

China, were also under high stress.

Stress, coronavirus-related risks, and
workplace factors

At T1, 36.6% of HCWs reported having much or quite a lot

of contact with patients with confirmed or suspected COVID-

19. At T2, this amount increased to 47.1%. In addition, 359

(8.5%) HCWs reported that they had already been infected

with COVID-19.

As presented in Table 2, compared with not-highly stressed

participants, those with high stress perceived significantly higher

risks associated with the coronavirus at both time points.

However, at T1, we did not find any difference between them

regarding the frequency of contact with patients with COVID-

19, and we noted only a marginal difference at T2. Concerning

workplace factors, HCWs with a high level of stress experienced

significantly lower support, less health/safety in the workplace,

as well as significantly higher rejection in private life due to work

at both T1 and T2.

The distribution of the sum scores of PSS-4 was normal at

both surveys. Thus, we performed hierarchical linear regression

analysis to explore the independent predictive factors of the

sum scores. We selected potential related factors based on

the results of univariate analysis. As shown in Table 3, in

the first step, we utilized potential demographic and personal

characteristics (gender, age, job position, job experience, and

history of mental illnesses). Only being older than 35 was an
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FIGURE 1

Study flow diagram.

independent protective factor, while being female, and with

a positive history of mental disorders were the risk factors

for high stress at T1. In the second step, we included risk

perception and workplace factors, and all of them remained

in the model. Finally, we entered and tested all significant

independent predictors from the above steps. As a result, at

T1, being older, health/safety in the workplace, and support in

the workplace were independent protective factors against high

levels of stress, while being female, with a positive history of

mental disorders, perceived high risk involved in work, and

high rejection due to work were risk factors. The fitting of this

model was significant, with 20.9% of the total variance explained.

Factors remaining in the hierarchical linear model were the same

at T2, with the regression coefficients differing slightly.

In T2, 12.9% (548/4,240) participants were from Chinese

centers. To further clarify the potential influence of different

health care systems and cultural backgrounds on workplace

factors, comparisons betweenHCWs fromWestern and Chinese

centers were carried out concerning the stress, coronavirus-

related risks and workplace factors. According to the results

(see Supplementary Table 1), even though the perceived stress

level was similar between Chinese and Western subjects, the

percentage of Chinese HCWs who had frequent contact with

patients with COVID-19 was significantly lower. In consistent

with this, their risk perception was significantly lower, and the

perceived health and safety in the workplace was significantly

higher. However, Chinese HCWs reported a significantly lower

level of support in the workplace and a higher level of rejection

in private life. In a next step, the associated factors of high

stress level in T2 were explored within the Chinese subsample.

According to the results, only health/safety in the workplace,

and rejection in private life due to work could predict a high

stress level.

Changes in stress and predictive factors

A total of 612 out of 2,110 (29.0%) HCWs in T1 completed

T2; they constituted cohort T1 + T2. Among all participants at

T1, the level of perceived stress (6.0 ± 2.9 vs. 6.0 ± 3.0) did not

differ between those in cohort T1+T2 and those not in cohort

T1+ T2.

In cohort T1 + T2, compared with the baseline at T1,

both the stress level and frequency of contact with COVID-

19 patients rose significantly after more than half a year at

T2 (see Table 4). Fortunately, health/safety in the workplace

increased as well, with a moderate effect size. However, we

did not observe a significant difference concerning perceived

support in the workplace and rejection in private life due to

working in hospitals.

In cohort T1 + T2, correlation analysis showed that among

all demographic, occupational, and work-related factors at

baseline, a positive history of mental disorders (r = 0.127, p

< 0.001), age (r = −0.161, p < 0.001), job experience (r =

−0.127, p = 0.001), risk perception (r = 0.114, p = 0.003),

support in the workplace (r = −0.206, p < 0.001), health/safety

in the workplace (r = −0.192, p < 0.001), and rejection in

private life (r = 0.219, p < 0.001) were significantly correlated

with a high level of perceived stress at T2. Entered into the

multivariate linear regression model, similar to the above model

at T1 and T2, age (>35 years old) [β (95% CI) = −0.95 (−1.45,

−0.41)], support in the workplace [−0.92 (−1.42, −0.43)],

and health/safety in the workplace [−0.46 (−0.79, −0.14)] at

baseline were protective factors, while a positive history of

mental disorders [0.81 (0.26, 1.37)], and rejection in private life

at baseline [0.43 (0.11, 0.72)] were risk factors for a high stress

level at T2. The model was significant, with 11.3% of the total

variance explained.
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TABLE 1 Demographic and occupational characteristics of HCWs at T1 (n = 2,110) and T2 (n = 4,240).

Percentages in T1* Percentages in T2*

Variables Total

(n = 2110)

Highly

stressed

(n = 1136)

Not-highly

stressed

(n = 974)

χ2 p Total

(n = 4240)

Highly

stressed

(n = 2610)

Not-highly

stressed

(n = 1630)

χ2 p

Female 73.5;

100

77.2;

56.6

69.1;

43.4

17.7 <0.001 77.8;

100

80.0;

63.4

74.3;

36.6

18.9 <0.001

Age groups 22.7 <0.001 53.3 <0.001

<26 years old 12.3;

100

15.0;

65.41

9.2;

34.6

13.0;

100

15.0;

71.11

9.8;

28.9

26–35 years old 22.5;

100

23.9;

57.31,2

20.8;

42.7

27.9;

100

29.8;

65.71, 2

24.9;

34.3

36–45 years old 21.9;

100

20.8;

51.12

23.2;

48.9

21.7;

100

21.2;

60.22,3

22.5;

39.8

46–55 years old 26.0;

100

24.5;

50.62

27.8;

49.4

22.7;

100

21.0;

56.83

25.5;

43.2

>56 years old 17.3;

100

15.8;

49.52

18.9;

50.5

14.6;

100

13.0;

54.53

17.3;

45.5

Position 17.4 0.002 11.6 0.021

Doctor 19.4;

100

16.3;

45.22

23.0;

54.8

19.3;

100

18.1;

57.82

21.2;

42.2

Nurse 31.9;

100

33.5;

56.51

30.1;

43.5

37.9;

100

39.7;

64.41

35.0;

35.6

Technician 10.6;

100

11.6;

58.91

9.4;

41.1

9.1;

100

9.2;

61.81,2

9.1;

38.2

Administration 18.5;

100

19.3;

56.21

17.5;

43.8

15.8;

100

15.6;

60.91,2

16.1;

39.1

Others 19.6;

100

19.3;

53.01,2

19.9;

47.0

17.9;

100

17.4;

60.01,2

18.6;

40.0

Job experience 20.1 <0.001 24.1 <0.001

<3 years 17.4;

100

20.3;

62.81

14.1;

37.2

18.2;

100

19.8;

67.31

15.5;

32.7

3–6 years 11.4;

100

12.5;

59.21

10.1;

40.8

14.8;

100

15.9;

66.11

13.1;

33.9

>6 years 71.2;

100

67.2;

50. 82

75.9;

49.2

67.0;

100

64.2;

59.02

71.5;

41.0

Center 45.4 <0.001 137.7 <0.001

Andorra 11.7;

100

10.6;

48.83,4

12.9;

51.2

7.5;

100

4.9;

39.93

11.7;

60.1

Barcelona/Dexeus/Val d’Hebron (only

T2)

5.5;

100

3.7;

36.24

7.6;

63.8

31.3;

100

28.0;

55.12

36.6;

44.9

Chieti 6.4;

100

8.3;

69.11

4.3;

30.9

2.1;

100

2.6;

76.71

1.3;

23.3

Cluj 2.5;

100

2.4;

50.91,2,3,4

2.7;

49.1

0.6;

100

0.6;

60.01,2,3

0.6;

40.0

Ireland 5.3;

100

6.4;

65.81,2,3

3.9;

34.2

3.3;

100

3.4;

63.81,2

3.1;

36.2

Nuremberg 63.4;

100

62.1;

52.72,3

64.9;

47.3

27.0;

100

28.7;

65.41

24.3;

34.6

(Continued)
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TABLE 1 (Continued)

Percentages in T1* Percentages in T2*

Variables Total

(n = 2110)

Highly

stressed

(n = 1136)

Not-highly

stressed

(n = 974)

χ2 p Total

(n = 4240)

Highly

stressed

(n = 2610)

Not-highly

stressed

(n = 1630)

χ2 p

Tehran 5.3;

100

6.6;

67.61,2

3.7;

32.4

2.9;

100

3.1;

65.31,2

2.6;

34.7

Wroclaw (only T2) - 12.3;

100

14.5;

72.41

8.8;

27.6

Beijing/Mianyang (both only T2) - 12.9;

100

14.2;

67.51

10.9;

32.5

Positive history of mental illnesses 17.4;

100

19.8;

61.0

14.6;

39.0

9.2 0.002 19.2;

100

21.5;

68.9

15.5;

31.1

23.1 <0.001

*To make the comparisons between two subgroups clear, the column percentages are presented in the first line, and then row percentages are presented in the second line. The Bonferroni

method was adopted for multiple comparisons: Values with 1 were significantly higher than values with 2,3 and 4 , and only values with different superscripts were significantly different

from each other. P values in bold type indicate significant differences.

Discussion

As the first interim result of the Cope-Corona project, a

high level of stress was reported in more than half of the

HCWs; this proportion continued to rise in the follow-up study.

With longitudinal data, we expanded upon past research by

demonstrating that workplace factors (support in the workplace,

health/safety in the workplace, and rejection in private life due

to work)—instead of coronavirus-related risks—can predict not

only the present stress level, but also the stress level after more

than half a year during the COVID-19 pandemic.

Similar to our results, previous evidence worldwide

has shown that mental problems became pronounced in

HCWs during the COVID-19 pandemic, as well as in

other viral epidemics. According to a systematic review on

the psychological impact of HCWs during large-scale viral

outbreaks, the pooled prevalence for acute stress disorder was

40%, followed by anxiety (30%), burnout (28%), depression

(24%), and post-traumatic stress disorder (PTSD) (13%) (18).

In addition, younger age, being female, and lower levels of

specialized training and job experience were associated with

those problems. A survey in England included 106 HCWs and

found that the median stress (PSS-4) score of the overall cohort

was 7 (19). In this survey, the stress level was significantly

higher in respondents with pre-existing depression and anxiety.

Similarly, a higher level of stress was observed in younger, female

HCWs, and HCWs with a previous history of mental disorders,

and less job experience and from several study centers in this

study. Being younger than 35 years old was also the independent

risk factor for a high stress level according to the longitudinal

data. The possible explanation could be that younger medical

staff were generally less experienced, and were more likely to

be sent as the front-line workers. In addition, older medical

staff probably have already experienced other viral epidemics

occurred in the past 20 years, such as the severe acute respiratory

syndrome (SARS) in 2003, the A/H1N1 influenza pandemic in

2009, Middle East respiratory syndrome (MERS) in 2012, and

Ebola virus disease in 2014, and thus were better prepared for

the outbreak.

However, unlike other studies, the COVID-19-related risks

did not seem to play an important role in the elevated stress

level in our study. According to our results, the stress level

was not associated with the frequency of contact with COVID-

19 patients. Even though perceived risk involved in work was

associated with a high level of stress, it could not predict

the stress level after more than half a year. According to

studies about the mental health of HCWs in previous viral

epidemic outbreaks, feeling unsafe and a lack of specialized

training were adverse factors psychological wellbeing (18).

Therefore, a possible explanation for such a phenomenon is

that during late phase of the COVID-19, basic organization-

wide approaches were already provided by most hospitals, like

sufficient protective measures and specialized skills training, and

have helped to mitigate the harm of coronavirus-related risks.

Besides, baseline support and health/safety in the workplace

have been proved to be protective factors against high stress,

while rejection in private life at baseline was a risk factor for

a high stress level in our study. In line with our findings, a

cross-sectional study in the US indicated that organizational

risk factors for adverse psychological effects in HCWs were

limited PPE and negative feelings toward one’s workplace, e.g.,

not believing in the values and actions of one’s organization

and feeling unable to refuse specific organizational demands

(20). Another cross-sectional study with 2,527 responses from

41 countries demonstrated that depressive symptoms have been

associated with perceived poor workplace support during the
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COVID-19 pandemic (21). In addition, 3 months after COVID-

19 was declared a pandemic, a large sample study in Singapore

showed that the burnout threshold was met by more than three

quarters of respondents, and that psychological pathology was

associated with a lack of safe work environments (5). Therefore,

coordinated actions between workers, health teams and health

institutions were recommended to be included as part of a

comprehensive community care to protect the mental health

emergency generated by COVID-19 (22).

Before the COVID-19 pandemic, previous researches have

already showed that adverse workplace factors were associated

with the likelihood of developing mental health problems

among HCWs. For example, based on a structured interview,

workplace conflicts that have a negative influence on the mental

health of health professionals were classified under three key

themes: individual, interpersonal, and organizational factors

(23). According to this framework, the sources of organizational

conflict predominantly include ambiguity in professional roles

or workflows and poor work environments. Organizational-

level approaches like regularly reviewing workplace policies and

protocols on how to support employees after an occupational

traumatic event, ensuring that practice is consistent with

established best practice, and offering task-focused skills training

have been recommended to protect the mental wellbeing of

individuals at high-risk occupations (24).

However, to date, most interventions implemented to relieve

the mental health problems of HCWs during the COVID-19

pandemic focused mainly on individual symptoms, but rather

the organizational or interpersonal levels (25). For example,

the most common intervention was providing individual

mental health services, such as psychological counseling (8).

Notwithstanding, these interventions might hinder efforts to

explore the impact of organizational or systemic factors on

adverse mental health outcomes (25). In addition, interventions

at the individual level often met with the problem of low

acceptance or low interest, as Chen et al. (26) pointed out.

In this study, even though medical staff showed signs of

psychological distress, they denied having problems and refused

psychological help. Workplace-based interventions, such as

providing more places to rest and guaranteeing food and

daily living supplies, were welcomed (26). In another study in

China, a series of workplace-based interventions were provided,

including a mandatory 2-week quarantine in the hospital after

work shifts in the fever clinic to avoid infecting family members;

reasonable adjustments of working hours; the provision of

convenient accommodations, diet, and adequate PPE; the help

of a labor union; and help for family members when needed (27).

Organizational interventions also include clear communication

with staff (28) and the implementation of training programmes

(29). To solve the problem of workplace violence against health

professionals during the coronavirus pandemic, researchers

have also recommended hospitals and governments to help

to promote the transference of information to patients, to
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TABLE 3 Predictive variables of the sum scores of PSS-4 in the hierarchical linear regression model at T1 (n = 2,110) and T2 (n = 3,745).

T1 T2

Positive

variables

selected

Unstandardized

β (95% CI)

Standardized

β

p F

(d.f.)

R–

square

Unstandardized

β (95% CI)

Standardized

β

p F

(d.f.)

R–

square

First step 21.7

(3)

0.031 59.2

(3)

0.040

Positive history of

mental illnesses

0.91

(0.57, 1.25)

0.12 <0.001 0.86

(0.64, 1.09)

0.11 <0.001

Age −0.66

(−0.93,−0.39)

−0.11 <0.001 −0.37

(−0.44,−0.30)

−0.15 <0.001

Gender 0.57

(0.28, 0.86)

0.09 <0.001 0.44

(0.22, 0.65)

0.06 <0.001

Second step 125.6

(4)

0.193 142.1

(4)

0.133

Risk perception 0.14

(0.10, 0.18)

0.14 <0.001 0.31

(0.19, 0.44)

0.08 <0.001

Support in the

workplace

−0.30

(−0.36,−0.24)

−0.23 <0.001 −0.52

(−0.67,−0.37)

−0.12 <0.001

Health/ safety in the

workplace

−0.09

(−0.13,−0.05)

−0.10 <0.001 −0.61

(−0.73,−0.48)

−0.16 <0.001

Rejection in private

life

0.23

(0.18, 0.28)

0.19 <0.001 0.97

(0.82, 1.12)

0.21 <0.001

Third step 75.7

(7)

0.209 98.7

(7)

0.156

Positive history of

mental illnesses

0.77

(0.47, 1.08)

0.10 <0.001 0.75

(0.52, 0.97)

0.10 <0.001

Age −0.32

(−0.56,−0.07)

−0.05 0.009 −0.26

(−0.33,−0.19)

−0.11 <0.001

Gender 0.59

(0.33, 0.85)

0.09 <0.001 0.33

(0.12, 0.55)

0.05 0.002

Risk perception 0.59

(0.42, 0.76)

0.14 <0.001 0.31

(0.19, 0.44)

0.08 <0.001

Support in the

workplace

−1.20

(−1.43,−0.97)

−0.23 <0.001 −0.49

(−0.64,−0.35)

−0.10 <0.001

Health/ safety in the

workplace

−0.29

(−0.46,−0.13)

−0.09 <0.001 −0.57

(−0.69,−0.44)

−0.15 <0.001

Rejection in private

life

0.84

(0.65, 1.03)

0.18 <0.001 0.92

(0.77, 1.07)

0.20 <0.001

β, partial regression coefficient. Definition of variables: age group: 1= equal to or younger than 35, 2= older than 35; gender: 1= female, 2=male.

implement appropriate sanctions on the convicts, to promote

interpersonal support in professional groups, and to raise public

awareness (30). Unfortunately, as our results show, even after

more than half a year during the pandemic, support in the

workplace did not increase and remained at a low level.

Moreover, the last factor that needs to be discussed is the

stigmatization of people working in high-risk environments.

Consistent with our findings, a recent study in an Italian

hospital showed that stigma was positively correlated with an

increased risk of burnout and fatigue in HCWs (31). However,

regretfully, we also found that discrimination against HCWs did

not decline during the previous year. Hence, efforts to decrease

the discrimination and rejection of the public toward not only

HCWs, but also patients with a history of COVID-19, should

not be neglected.

In addition, given consideration to the potential influence

of different health care systems and cultural backgrounds

of Western and Chinese centers, further comparisons were
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TABLE 4 Change in stress, coronavirus-related risks, and workplace factors of HCWs in cohort T1+T2 (n = 612).

Baseline (T1) T2 t/χ2 p Cohen’s d

Perceived stress 6.0± 2.9 6.4± 3.1 −4.1 <0.001 0.13

Corona contact (%) 260.0 <0.001 -

Hardly any 69.3 63.8

Much 30.7 36.2

Risk perception* 3.2± 0.7 3.2± 0.7 −2.0 0.051 0.13

Health/safety in the workplace 3.9± 0.8 4.2± 0.7 −9.0 <0.001 0.40

Support in the workplace 2.9± 0.5 2.8± 0.6 1.8 0.069 0.18

Rejection in private life 1.8± 0.6 1.8± 0.6 0.7 0.478 0.03

*A total of 574 participants were included in the analysis of this variable, since 38 (6.2%) participants selected the option of “being infected already” and were counted as invalid values.

compared between them. Results indicated that Chinese HCWs

had less contact with COVID-19 patients, a lower level of

corona-related risk perception, and a higher level of health

and safety in the workplace. Such a low level of risk was

consistent with the low infection rate of COVID-19 in China

due to the strict prevention and control measures adopted by

the government. However, the stress level between Chinese and

Western medical staff was comparable, and Chinese HCWs

reported a significantly lower level of support in the workplace

and a higher level of rejection in private life. Those negative

workplace factors could explain the high stress in Chinese

medical staff. Therefore, the results further highlighted the

importance of approaches designed to improve workplace

factors in improving the wellbeings of healthcare workers during

the pandemic, despite their different cultural backgrounds,

medical systems and epidemic-related policies. However, results

from Chinese centers should be interpreted with caution due to

the small sample size.

This study has several limitations. First, even though we

recruited HCWs from multiple centers in Europe and China,

most of our data was based on European centers and the

representativeness of this sample was limited. As such, the

results should be interpreted with caution concerning HCWs

from different countries. In particular, different health care

systems and cultural backgrounds could have an influence on

the severity of mental stress and the influence of workplace

factors. Second, only a small proportion of HCWs participated

at both T1 and T2, which led to a lower generalizability

of the results from the longitudinal data. Nevertheless, such

a proportion has been common for similar online surveys

during the pandemic. We did not observe any significant

difference between people who participated in T2 (or not)

concerning the level of perceived stress. In addition, we

verified the multiple linear regression model using both cross-

sectional and longitudinal data. Third, we noted different

stress levels among different centers. This might be the

outcome of the complex interaction of multiple factors, such

as the incidence of COVID-19, the availability of medical

and personnel resources, and a previous history of mental

health problems of HCWs. We tried to explore its influence

by comparing subjects from Western and Chinese centers,

but more detailed comparison and discussion will be needed

in the future research. Lastly, the categories of age and job

experience were determined based on a heuristic approach at the

beginning of the survey by the members of the research group.

A more thorough assessment would be to use validated work

experience scales.

In sum, using longitudinal data of HCWs from multiple

centers, during the COVID-19 pandemic, the level of perceived

stress has been high among HCWs, and kept increasing after

more than half a year. In addition, age, a positive history

of mental disorders, and workplace factors (support in the

workplace, health/safety in the workplace, and rejection in

private life due to work)—instead of coronavirus-related risks—

can predict not only the present stress level, but also stress

level over the long term. Hence, our results highlight the

importance of interventions and policies at the organizational

level in promoting the mental health of HCWs. Specific

measures should be designed to improve support, health/safety

in the workplace, as well as to reduce the rejection of

the public.
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