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Due to the unprecedented impact of the COVID-19 pandemic on health care systems,

there has been great interest in the mental wellbeing of healthcare workers. While

most studies investigated mental health outcomes among frontline vs. non-frontline

healthcare workers, little is known about the impact of various work-related variables.

The present study aimed to examine the association between work-related [i.e.,

having contact with COVID-19 patients, being redeployed due to the pandemic and

availability of sufficient personal protective equipment (PPE)] and subjective (i.e., worries

about getting infected or infecting others) exposures and self-reported mental health

outcomes (i.e., psychological distress, depressive symptoms, and posttraumatic stress

symptoms). Between February and May 2021, 994 healthcare workers employed

at a variety of healthcare settings in the Netherlands filled out an online survey

as part of the COVID-19 HEalth caRe wOrkErS (HEROES) study. Mental health

outcomes were measured using the General Health Questionnaire-12, the Patient Health

Questionnaire-9, and the Primary Care PTSD Screen for DSM-5. Approximately 13%

reported depressive symptoms, 37% experienced psychological distress, and 20%

reported posttraumatic stress symptoms. Multilevel linear models consisted of three

levels: individual (work-related and subjective exposures), healthcare center (aggregated

redeployment and availability of sufficient PPE), and regional (cumulative COVID-19

infection and death rates). Worries about infection were associated with all three mental

health outcomes, whereas insufficient PPE was associated with psychological distress

and depressive symptoms. There were no differences in outcomes between healthcare

centers or provinces with different COVID-19 infection and death rates. Our findings

highlight the importance of adequate PPE provision and the subjective experience

of the COVID-19 pandemic. These factors should be part of interventions aimed

at mitigating adverse mental health outcomes among healthcare workers during the

COVID-19 pandemic.

Keywords: COVID-19, depression, healthcare workers (HCWs), mental health, personal protective equipment

(PPE), posttraumatic stress, psychological distress
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INTRODUCTION

The COVID-19 pandemic has had an unprecedented worldwide
impact on the social, economic, and psychological domain.
Several studies have demonstrated high levels of adverse mental
health outcomes globally, including symptoms of anxiety,
psychological distress, depression and posttraumatic stress
disorder (PTSD), in particular among groups who have been
highly affected by the pandemic such as COVID-19 patients,
patients with mental health problems and healthcare workers
(HCW’s) (1–5).

Evidence from previous pandemics, such as the Severe Acute
Respiratory Syndrome (SARS) outbreak in 2003, as well as
from the current COVID-19 pandemic, suggests that various
exposures related to the pandemic put HCW’s at an increased
risk of manifesting mental health problems compared to the
general population. Objective factors include for instance contact
with COVID-19 patients, insufficient availability of personal
protective equipment (PPE), and redeployment (5–12). The
availability of sufficient PPE is a prerequisite for HCW’s to be
able to carry out their work-related tasks safely. Nevertheless,
great shortages of PPE have been reported since the beginning
of the pandemic (13). Previous research suggests that HCW’s
are more likely to exhibit mental health problems when they
perceive the provided PPE to be insufficient (11), while sufficient
availability of PPE has been shown to have a protective role
against symptoms of depression, anxiety and PTSD (11, 14).
Redeployment has been identified as another significant risk
factor for adverse mental health outcomes (11) particularly when
combined with insufficient support and PPE (15).

Besides objective exposures of this nature, it is of potential
importance to examine subjective exposures in order to
understand mental health outcomes during the COVID-19
pandemic. It has been found that perceived risk related to a high-
impact event, such as an epidemic, is more strongly associated
with mental health problems, compared to the direct exposure
to the event (16). Similar findings have been reported during
the COVID-19 pandemic, with fear of getting infected and of
infecting loved ones being significant factors related to mental
health problems (5, 7, 9, 17–19).

Few studies, however, have investigated how these objective
and subjective exposures relate to mental health outcomes
among different groups of HCW’s. A large number of studies
have treated HCW’s as one homogenous group, despite that
the nature of their work and the degree of their exposure to
COVID-19 can differ significantly. Various studies have shown
that frontline workers, namely those having direct contact with
COVID-19 patients, such as HCW’s working in emergency,
intensive care and infectious disease units, have a greater chance
of manifesting mental health problems during the COVID-19
pandemic compared to non-frontline colleagues (1, 7, 20). Other
studies, however, have found that frontline HCW’s are not at
an increased risk for adverse mental health outcomes (5), as
well as that frontline and non-frontline HCW’s report similar
levels of psychological distress (21). It has been also demonstrated
that non-clinical HCW’s have been experiencing mental health
problems since the beginning of the pandemic, some of which

at higher levels compared to frontline HCW’s or clinical HCW’s
(9, 22, 23). This emphasizes the need to examine the effects of
the COVID-19 pandemic among HCW’s working at different
positions and in various health care settings.

There is also limited research about the putative role of
region-level factors. Regional differences have been reported
in the prevalence of mental health problems in HCW’s. For
example, HCW’s in African and in Latin American countries
have been found to report higher rates of depression, anxiety
and psychological distress compared to those in the US, Europe
and Asian countries (20, 24). HCW’s in Australia reported
low rates of depression and anxiety compared to the general
population or other essential workers during the pandemic (25).
In addition, it has been demonstrated that HCW’s working in
regions with high COVID-19 infection rates may have more
mental health problems than those working in regions with
relatively low rates (9, 26, 27). Nevertheless, findings from
general population surveys suggest that local infection rates
are merely modestly associated with mental health outcomes
(28). These findings highlight the regional variations in the
impact of the COVID-19 pandemic on the mental health
of HCW’s.

It is of great importance that HCW’s have access to the
material and psychosocial resources needed to navigate their
high-stress working environment, even more so during a
pandemic, in order for the healthcare sector to continue
functioning properly. It is essential to understand which
work-related factors are associated with adverse mental
health outcomes among HCW’s during different phases of
the pandemic. Such insights may inform interventions that
aim to mitigate adverse psychological outcomes following
the COVID-19 pandemic and promote mental wellbeing of
HCW’s during the pandemic and during future crises of a
similar nature.

The current study therefore aims to investigate the
relationship between work-related exposures (i.e., having
contact with COVID-19 patients, availability of sufficient
PPE, and redeployment), subjective exposures (i.e., worries
about infection), and mental health outcomes among
HCW’s in the Netherlands, a country heavily impacted by
the COVID-19 pandemic at the time of data collection.
We include clinical HCW’s working at the front line and
in other departments, as well as non-clinical HCW’s. We
also explore whether individual differences in mental health
outcomes can be explained by higher-level factors such as
type of healthcare center or regional COVID-19 infection
and/or death rates. We expect HCW’s who report worrying
about infection, having had contact with COVID-19 patients,
considering the available PPE to be insufficient and being
redeployed as a result of the pandemic to report higher
levels of depressive symptoms, psychological distress and
posttraumatic stress symptoms (PTSS). Furthermore, we
anticipate that HCW’s employed at healthcare centers with
higher rates of redeployment and poorer availability of
PPE, and those working in regions with higher COVID-19
infection and/or death rates to report more adverse mental
health outcomes.
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MATERIALS AND METHODS

Setting
The study was conducted in the Netherlands, which has a public
healthcare system financed by healthcare insurances (29). During
participant recruitment the Netherlands was facing the third
wave of the pandemic. The Dutch government has followed
a relatively liberal policy at the beginning of the pandemic to
control the spread of COVID-19 (29). However, in December
2020 there was a complete lockdown in place including a
curfew. In January 2021, the government launched its vaccination
program against COVID-19. In March 2021 the COVID-19
infections reached a peak and they began to recede in May 2021
(30). Furthermore, there were substantial regional differences in
terms of infection, hospitalization, and mortality rates. During
the period of data collection, the provinces in the South and
South-West of the country (including South Holland, Overijssel,
Limburg and North Brabant) were the ones most heavily
impacted, whereas the provinces of Groningen and Friesland
were the least impacted. An overview of the COVID-19 infection
and death rates for the months of January, March and May 2021
per province can be found in Supplementary Table 1 (31).

Study Design and Participants
This cross-sectional study forms part of the international
COVID-19 HEalth caRe wOrkErS (HEROES) study aimed to
evaluate the impact of the COVID-19 pandemic on the mental
health of HCW’s (32). The current study used data from a sample
consisting of clinical and non-clinical workers (e.g., nurses,
physicians, psychologists, dentists, managers and administrative
stuff, security and cleaning stuff) employed at a wide range
of healthcare centers in the Netherlands (e.g., hospitals, elderly
homes, rehabilitation centers, ambulance service). The inclusion
criteria were: being of legal age and working in a healthcare center
that provided care to suspected (patients with symptoms similar
to COVID-19 but without a positive test issued by the municipal
health service) or confirmed cases of COVID-19 (patients with a
positive test issued by the municipal health service). The sample
(N=994) was recruited between February and May 2021. Most
HCW’s included in the study worked in Friesland (province in
North Netherlands), Limburg (province in South Netherlands)
or South Holland (province in West Netherlands).

Participants were recruited based on non-probability
sampling either directly through the healthcare center at which
they were employed or through health organization networks.
More specifically, the study coordinator approached healthcare
settings, explaining the specific aims and general procedures
of the study and asked for assistance in recruiting potential
participants. Ten healthcare facilities in three different regions
of the Netherlands were recruited in order to ensure variation in
local COVID-19 infection rates and/or COVID-19 deaths. These
were not randomly selected within each region, but included
based on two conditions. Participating healthcare centers were
required to provide data on denominators, so that response rates
could be calculated, and to have a contact person within the
facility who would facilitate the distribution of the questionnaires
among its HCW’s. The requested data on denominators included

the number of employed clinical and non-clinical workers, in
total and stratified by gender. If the contact person agreed to
support the study, a link to the digital platform describing the
study and voluntary participation was forwarded to all workers
of the facility via their work email address or via the healthcare
center’s internal communication system. The target population
included both clinical and non-clinical HCW’s. All HCW’s
registered within the facility would receive the questionnaire.
However, the quick turnover of personnel could result in HCW’s
with a temporary contract or those employed via a recruitment
agency being less likely to receive the questionnaire. More details
about the recruitment method are provided in the HEROES
protocol paper (32).

Instruments
Psychological Distress
For the assessment of general psychological distress we used the
Dutch version of the GHQ-12 (33), a well-validated scale which
is often used as a screening instrument for psychiatric disorders
(34). It is a self-report, unidimensional measure, consisting of 12
items evaluating the presence of symptoms during the past week.
Half of the items are positively phrased (e.g., “During the past
week, have you lost sleep due to being worried?”), whereas the
other half is negatively phrased (e.g., “During the past week, have
you felt capable of making decisions?”). All items are rated on a
four-point Likert scale, ranging from 0 (“not at all”/ “much less
than usual”) to 3 [“(much) more than usual”]. Participants’ score
was calculated by reverse coding the negatively phrased items and
summing up all items using the Likert scoring method (0–1–2–
3). The internal consistency in the current study was good (α =

0.89) (35).

Depressive Symptoms
To assess depressive symptoms we used the Dutch version
of the Patient Health Questionnaire (PHQ)-9, a well-validated
self-report measure often used as a screening instrument
for depression (36). It contains 9 items corresponding to
the symptoms of major depressive disorder according to the
Diagnostic and Statistical Manual of Mental Disorders-IV (37).
The items are rated on a four-point Likert scale based on how
often participants have experienced the given symptom over the
last 2 weeks (e.g., “During the past 2 weeks, have you felt little
interest or pleasure in doing things?”). Answers range from 0
(“not at all”) to 3 (“nearly every day”). All items were summed
up to calculate a total score, which is regularly used as a severity
measure (38). The internal consistency in the current study was
good (α = 0.85) (35).

Posttraumatic Stress Symptoms (PTSS)
In order to assess PTSS related to COVID-19 we used the Dutch
version of a validated screening instrument, i.e., the Primary
Care PTSD Screen for DSM-5 (PC-PTSD-5) (39) with one
main alteration. The introductory item on exposure to traumatic
events was omitted, given that the traumatic event of interest
was the COVID-19 pandemic, and the wording of the remaining
5 items was changed to reflect that [i.e., replacing the word
“event(s)” with the word “pandemic”]. Participants were asked
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to respond to 5 items measuring the presence of PTSS over the
past month (e.g., “In the past month, have you had nightmares
about the pandemic or thoughts about the pandemic when you
did not want to?”). Each item is rated on a dichotomous scale
(yes/no). The total score of the questionnaire was used in order to
capture symptom severity and maximize variation. The internal
consistency in the current study was acceptable (α = 0.63) (35).

COVID-19 Work-Related Exposures
Ad-hoc items were used to measure work-related exposure
to COVID-19. Having contact with COVID-19 patients was
measured with the following item: “During the past week, have
you been close to patients who were suspected or confirmed cases
of COVID-19?” (dichotomous variable: yes/no). Availability of
sufficient PPE was measured with the following item: “Do you
believe that the personal protective equipment you have access
to are sufficient to avoid getting the virus?” (0 = “No, they
are completely insufficient” to 3 “Yes, they are sufficient”).
Redeployment wasmeasured with the following item: “In the past
3 months, have you been assigned to a new team and/or assigned
new functions?” (dichotomous variable: yes/no).

Other relevant workplace-related variables included
healthcare center type (i.e., emergency care, programmed care,
non-hospital intramural care, patient transportation, support
& auxiliary services, other), province where the workplace is
situated and participant’s current job (i.e., physicians, nursing
staff, other clinical specialists and managers, support, and
ancillary staff, and other HCW’s). The specific grouping of
HCW’s professions in broader job categories can be found in
Supplementary Table 2. Finally, region-level data regarding
COVID-19 infection and death rates per province were obtained
through online resources (40). We included cumulative rates
reported on the start date of the recruitment (February 15th,
2021) to capture the cumulative burden that HCW’s experienced
since the beginning of the pandemic.

COVID-19 Subjective Exposures (Worries About

Infection)
Subjective exposure to COVID-19 (worries about infection)
included the following items: (1) “In the past 3 months, how
worried have you been about getting COVID-19?” (0 = “not at
all” to 3 = “extremely”); (2) “In the past 3 months, how worried
have you been about infecting your loved ones with COVID-19?”
(0 = “not at all” to 3 = “extremely”). In the current study these
two items were collapsed to create one composite score.

Statistical Analyses
Intercorrelations among the main study variables were explored
using Spearman’s ranked-order correlation coefficients.
Complete and non-complete cases were compared in terms
of confounding variables and mental health outcomes. Wilcoxon
rank-sum tests were used for continuous variables and Pearson’s
chi-square tests with Bonferroni-adjusted significance tests
for categorical variables. Potential confounding variables were
determined using directed acyclic graphs (DAG’s), following
the methodology suggested by Ferguson and colleagues (41).
The open-source platform dagitty.net (42) was used to create

the DAG’s, which can be found in the Supplementary Material.
The identified potential confounding variables which were
included at the first level of the multilevel analyses were age,
gender, completed education, current job, having someone under
care, as well as the existence of a previously known chronic
physical illness and the existence of previously known mental
health problems.

We used multiple imputation by chained equations (MICE)
to deal with missing data (43). The number of imputations was
set to 20, based on the suggestions by Graham and colleagues
(44), while the maximum number of iterations was set to 20
based on reached convergence. Predictors of missingness were
added to the model according the guidelines for MICE (45).
Visual and numerical inspection of the imputed data did not
show deviations any problematic variables according to the rule
of thumb described by Stuart and colleagues (46).

We used multilevel linear regression models to examine the
association between having contact with COVID-19 patients,
worries about infection, redeployment, availability of sufficient
PPE, and mental health outcomes among HCW’s, as well as to
explore whether individual differences inmental health outcomes
could be explained by higher-level factors. Prior to performing
the multilevel analyses, lower-level continuous predictors were
group-mean centered, whereas the third-level predictors were
grand-mean centered. In addition, redeployment and availability
of sufficient PPE were aggregated at the healthcare center
level to be used as healthcare center-level variables. For each
of the three mental health outcomes, a multilevel model was
estimated, with healthcare center type and workplace location
as random effects. At the individual level (level 1) the identified
potential confounders and the individual predictors (contact with
COVID-19 patients, worries about infection, being redeployed
and availability of sufficient PPE) were added as fixed effects, at
the healthcare center-level (level 2) aggregated redeployment and
aggregated sufficient PPE were added as fixed effects, and at the
work location level (level 3) the cumulative COVID-19 infection
and death rates were added as fixed effects. All analyses were
conducted using IBM SPSS Statistics software (version 26).

Ethical Considerations
This study was performed in accordance with the guidelines
outlined by Dutch legislation. The Medical Ethical boards of
the Maastricht University Medical Center and the Amsterdam
Medical Center assessed the study protocol. Both concluded that
the study was exempt from ethical approval in the Netherlands
given that the participants were not considered patients or
identifiable individuals providing sensitive information following
theMedical Research Involving Human Subjects Act (WMO). All
participants provided written informed consent to participate in
the study. At completion of the questionnaire detailed resources
were provided on services (e.g., helplines, mental health services)
for psychological support. Participants were urged to contact
their general practitioner in case they reported mental health
problems. It must be noted that the Netherlands has a public
healthcare system in which it is mandatory to be registered with
a general practitioner. In addition, Dutch healthcare centers are
legally obliged to hire a physician caring for employees.
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TABLE 1 | Descriptive statistics for confounding and outcome variables for complete cases and non-complete cases.

Complete cases (n = 581) Non-complete cases (n = 403) χ2/Ws

Age, Mdn (IQR) 45 (33–55) 47 (36–55) 108,765.000, p = 0.058

Gender, n (%) 4.523, p = 0.104
†

Female 466 (80.2)a 339 (82.5)a

Male 114 (19.6)a 68 (16.5)a

Other 1 (0.2)a 4 (1)a

Completed education, n (%) 29.519, p < 0.001

(Incomplete) primary school 2 (0.3)a 7 (1.8)b

Secondary school 14 (2.4)a 25 (6.5)b

Technical-professional training 152 (26.6)a 136 (35.3)b

Undergraduate degree 262 (45.8)a 153 (39.7)a

Postgraduate studies 142 (24.8)a 64 (16.6)b

Someone under care, n (%) 0.003, p = 0.957

No 360 (62.4)a 239 (62.6)a

Yes 217 (37.6)a 143 (37.4)a

Current job, n (%) 6.144, p = 0.189

Physicians 109 (18.8)a 44 (16.7)a

Nursing staff 228 (39.2)a 116 (44.1)a

Other clinical specialists and managers 117 (20.1)a 40 (15.2)a

Support & ancillary staff 93 (16)a 40 (15.2)a

Other HCW’s 34 (5.9)a 23 (8.7)a

Chronic physical illness, n (%) 4.646, p = 0.031

No 455 (81)a 117 (73.1)b

Yes 107 (19)a 43 (26.9)b

Previous mental health problems, n (%) 0.234, p = 0.628

No 528 (94)a 151 (95)a

Yes 34 (6)a 8 (5)a

Psychological distress, Mdn (IQR) 11 (8–16) 12 (8.5–17) 50,045.000, p = 0.067

Depressive symptoms, Mdn (IQR) 3 (1–6) 4 (1–7) 44,523.500, p = 0.241

PTSS, Mdn (IQR) 1 (0–2) 2 (0–3) 42,634.000, p = 0.007

someone under care, having a minor; older adult; or individual with a disability under care; Values not sharing the same subscript are significantly different according to post hoc

Bonferroni corrections.
†
Likelihood ratio is reported instead of chi square, because more than 20% of cells had an expected count <5.

RESULTS

The response rate in the current study ranged from 2 to 13%
among healthcare centers with higher observed response rates
among women compared tomen. Upon inspection of the data for
systematic errors, participants who did not have an ID-number
(n = 59) and who gave informed consent but left the study
before responding to the first item (n = 29) were removed. This
was considered to be due to technical errors and thus missing
at random, because several healthcare centers have protected
servers which were initially blocking the HEROES questionnaire.
Compared to complete cases (participants who had no missing
data on the main variables of interest), non-complete cases
(participants who had at least one missing item in any of the
main variables of interest) had a lower completed education level,
were more likely to have a chronic physical illness and had a
significantly higher score on the PTSD screening instrument
(see Table 1). The percentage of missing values across variables

ranged from 0.20% to 33.90%. Denominator data indicated that
women, nurses, and physicians were more likely to participate in
the study.

Participants’ median age was 46 years (IQR = 34–
55). Among HCW’s in the current study, 13% reported
symptoms of depression (cutoff score ≥ 10), 37% experienced
psychological distress (cutoff score ≥ 14), and 20% reported
PTSS (cutoff score ≥ 3). Remaining characteristics for the
whole sample and stratified by the exposure variables can
be found in Table 2, whereas intercorrelations between the
main study variables and their score ranges can be found
in Table 3.

Multilevel regression analyses indicated a significant
association between worries about infection and all mental
health outcomes, including self-reported psychological distress
(β = 0.80, p < 0.001), symptoms of depression (β = 0.79, p <

0.001), and PTSS (β = 0.33, p < 0.001). Further, availability
of sufficient PPE was significantly negatively associated
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TABLE 2 | Participants’ characteristics [n (%)] for the whole sample and stratified by reported contact with COVID-19 patients, worries about infection, sufficient PPE, and

redeployment.

Contact with COVID-19 patients Worries about infection Sufficient PPE Redeployment

All (N = 994) Yes (n = 351) Yes (n = 263) Yes (n = 512) Yes (n = 143)

Gender a

Female 805 (81) 260 (74.1) 215 (81.7) 414 (80.9) 118 (82.5)

Male 182 (18.3) 91 (25.9) 47 (17.9) 97 (18.9) 24 (16.8)

Other 5 (0.5) 0 (0) 1 (0.4) 1 (0.2) 1 (0.7)

Missing 2 (0.2) 0 (0) 0 (0) 0 (0) 0 (0)

Completed education

(Incomplete) primary schooling 9 (0.9) 1 (0.3) 2 (0.8) 2 (0.4) 3 (2.1)

Secondary school 39 (3.9) 6 (1.7) 8 (3) 9 (1.8) 1 (0.7)

Technical-professional training 288 (29) 88 (25.1) 76 (28.9) 144 (28.1) 24 (16.8)

Undergraduate degree 415 (41.8) 174 (49.6) 126 (47.9) 229 (44.7) 70 (49)

Postgraduate studies 206 (20.7) 75 (21.4) 49 (18.6) 114 (22.3) 44 (30.8)

Missing 37 (3.7) 7 (2) 2 (0.8) 14 (2.7) 1 (0.7)

Healthcare center type

Emergency care 88 (8.9) 68 (19.4) 28 (10.6) 61 (11.9) 18 (12.6)

Programmed care 381 (38.3) 168 (47.9) 122 (46.4) 215 (42) 69 (48.3)

Non-hospital intramural care 46 (4.6) 8 (2.3) 18 (6.8) 26 (5.1) 10 (7)

Patient transportation 98 (9.9) 67 (19.1) 26 (9.9) 64 (12.5) 7 (4.9)

Support & auxiliary services 124 (12.5) 21 (6) 33 (12.5) 72 (14.1) 13 (9.1)

Other 110 (11.1) 19 (5.4) 34 (12.9) 70 (13.7) 23 (16.1)

Missing 147 (14.8) 0 (0) 2 (0.8) 4 (8) 3 (2.1)

Current job

Physicians 153 (15.4) 57 (16.2) 36 (13.7) 96 (18.8) 39 (27.3)

Nursing staff 344 (34.6) 175 (49.9) 117 (44.5) 205 (40) 61 (42.7)

Other clinical specialties & managers 157 (15.8) 80 (22.8) 54 (20.5) 102 (19.9) 20 (14)

Support & ancillary staff 133 (13.4) 32 (9.1) 39 (14.8) 76 (14.8) 16 (11.2)

Other HCW’s 57 (5.7) 7 (2) 17 (6.5) 33 (6.4) 7 (4.9)

Missing 150 (15.1) 0 (0) 0 (0) 0 (0) 0 (0)

Work locationa

Friesland 144 (14.5) 61 (17.4) 52 (19.8) 79 (15.4) 18 (12.6)

South Holland 210 (21.1) 111 (31.6) 66 (25.1) 127 (24.8) 38 (26.6)

Limburg 246 (24.7) 52 (14.8) 71 (27) 115 (22.5) 40 (28)

Other 394 (39.6) 127 (36.2) 74 (28.1) 191 (37.3) 47 (32.9)

Missing 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Chronic physical illness

No 572 (57.5) 268 (76.4) 191 (72.6) 385 (75.2) 99 (69.2)

Yes 150 (15.1) 63 (17.9) 61 (23.2) 101 (19.7) 28 (19.6)

Missing 272 (27.4) 20 (5.7) 11 (4.2) 26 (5.1) 16 (11.2)

Previous mental health problems

No 679 (68.3) 311 (88.6) 236 (89.7) 456 (89.1) 115 (80.4)

Yes 42 (4.2) 20 (5.7) 15 (5.7) 29 (5.7) 12 (8.4)

Missing 273 (27.5) 20 (5.7) 12 (4.6) 27 (5.3) 16 (11.2)

All percentages are valid percentages.

For ease of interpretation the continuous exposure variables were classified as yes/no. The classification was performed as follows: participants were classified as worrying about

infection if they had a score ≥ 2 on either worries about getting infected and/or worries about infecting others; participants were classified as considering the provided PPE as sufficient

if they had answered “Yes, they are sufficient”. In the current table only the “yes” category is reported due to space limitations.
a It was chosen to report descriptive statistics for three of the twelve provinces in the Netherlands, namely for one with the lowest (Friesland) and two with the highest (South Holland

and Limburg) cumulative infection rate at the time when participant recruitment begun.
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TABLE 3 | Intercorrelations and ranges for the main study variables.

1 2 3 4 5 6 7 Range

1. Contact with COVID-19 patient(s) – Yes/no

2. Worries about infection 0.09* – 0–6

3. Sufficient PPE 0.03 −0.17** – 0–3

4. Redeployment −0.04 0.03 0.01 – Yes/no

5. Psychological distress 0.02 0.20** −0.17** 0.02 – 0–36

6. Depressive symptoms −0.01 0.24** −0.17* 0.07 0.75** – 0–27

7. PTSS 0.06 0.28** −0.15** 0.03 0.37** 0.38** – 1–5

*p < 0.005, **p < 0.001.

TABLE 4 | Three-level multilevel models for psychological distress, depressive symptoms and PTSS.

Psychological distress Depressive symptoms PTSS

Variables β (95% CI) SE β (95% CI) SE β (95% CI) SE

Intercept 15* (2.02–27.97) 6.57 7.25 (−1.58–16.07) 4.48 3.08* (0.49–5.68) 1.31

Individual level

Female 0.50 (−0.63–1.63) 0.57 0.54 (−0.28–1.36) 0.42 0.18 (−0.05–0.42) 0.12

Other gender 0.28 (−6.68–7.24) 3.52 −91 (−5.99–4.18) 2.57 1.00 (−0.85–2.84) 0.92

Postgraduate studies 0.39 (−4.24–5.01) 2.32 0.86 (−2.49–4.20) 1.68 −31 (−1.40–0.77) 0.54

Undergraduate degree −0.00 (−4.37–4.36) 2.20 0.78 (−2.54–4.10) 1.66 −0.02 (−1.13–1.08) 0.55

Technical- professional training −0.30 (−4.80–4.20) 2.26 0.80 (−2.61–4.21) 1.71 −0.16 (−1.25–0.93) 0.54

Secondary school 2.08 (−2.85–7.00) 2.48 2.56 (−0.82–5.94) 1.71 −0.07 (−1.26–1.12) 0.60

Physicians 0.70 (−1.482.88) 1.10 −1.46 (−2.93–0.00) 0.74 −0.45 (−0.92–0.02) 0.24

Nursing staff 1.39 (−0.36–3.13) 0.89 −0.77 (−2.04–0.50) 0.65 −0.23 (−0.63–0.14) 0.20

Other clinical specialists and managers 1.07 (−0.70–2.85) 0.90 −0.56 (−1.85–0.74) 0.66 −0.33 (−0.74–0.08) 0.21

Support & auxiliary staff 0.69 (−1.10–2.48) 0.91 −0.92 (−2.28–0.43) 0.69 −0.19 (−0.63–0.25) 0.22

Having someone under care −0.25 (−1.04–0.54) 0.40 −0.01 (−0.62–0.59) 0.31 0.06 (−0.12–0.24) 0.09

Chronic physical illness 1.63** (0.63–2.62) 0.51 0.77 (−0.01–1.56) 0.40 0.18 (−0.04–0.41) 0.11

Previous mental health problems 0.80 (−0.87–2.47) 0.83 1.18 (−0.42–2.78) 0.79 −0.05 (−0.47–0.36) 0.20

Age −0.01 (−0.05–0.02) 0.02 −0.01 (−0.04–0.02) 0.01 −0.00 (−0.01–0.01) 0.00

Contact with COVID patient(s) −1.25 (−1.13–0.88) 0.51 −0.10 (−0.84–0.63) 0.37 0.14 (−0.07–0.36) 0.11

Being worried about infection 0.80** (0.49–1.11) 0.16 0.79 ** (0.57–1.00) 0.11 0.33 ** (0.26–0.40) 0.03

Sufficient PPE −0.80* (−1.37-−0.23) 0.29 −0.48 * (−0.93–0.04) 0.23 −0.10 (−0.22–0.02) 0.06

Redeployed −0.07 (−1.16–1.03) 0.56 0.53 (−0.26–1.32) 0.40 0.04 (−0.20–0.29) 0.12

Healthcare center level

Sufficient PPE aggregated −1.02 (−5.04–2.99) 2.03 −1.27 (−3.87–1.33) 1.32 −0.59 (−1.33–0.14) 0.37

Redeployment aggregated −7.42 (−21.07–6.23) 6.92 −0.80 (−10.79–9.19) 5.06 0.09 (−2.68–2.87) 1.40

Regional level

Infection rates −0.06 (−0.15–0.04) 0.05 0.00 (−0.06–0.07) 0.03 −0.01 (−0.02–0.01) 0.01

Death rates 1.98 (−1.69–5.64) 1.87 0.69 (−1.67–3.06) 1.20 0.23 (−0.29–0.75) 0.26

Having someone care, having a minor; older adult; or individual with a disability under care.

*p < 0.05, **p < 0.001.

with psychological distress (β = −0.80, p = 0.006) and
symptoms of depression (β = −0.48, p = 0.033), whereas
having a physical illness was only significantly related to
self-reported psychological distress (β = 1.63, p = 0.001). We
did not find more adverse mental health outcomes among
HCW’s who were redeployed or in contact with COVID-19
patients. Regarding higher-level exposures, we found no major
impact of aggregated redeployment, aggregated availability

of sufficient PPE, COVID-19 infection rates or COVID-19
death rates on any of the mental health outcomes. Also, no
differences in mental health outcomes were found in terms
of the examined confounders or between HCW’s employed at
different positions.

The three-level multilevel models are presented
in Table 4, whereas the most parsimonious
multilevel models (with merely the confounders
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and individual level variables) are presented
in Supplementary Table 3.

DISCUSSION

In this Dutch cohort of HCW’s assessed between February
and May 2021 during the third wave of the COVID-
19 pandemic, 13% of the HCW’s reported symptoms of
depression, 37% reported psychological distress and 20%
reported PTSS.We observed strong associations between worries
about infection and all mental health outcomes, including self-
reported psychological distress, symptoms of depression and
PTSS. Availability of sufficient PPE was negatively related to self-
reported psychological distress and symptoms of depression. We
did not findmore adversemental health outcomes amongHCW’s
who were redeployed or in contact with COVID-19 patients.
We also did not find any differences in mental health outcomes
among HCW’s employed in different healthcare centers or at
different positions. Regarding higher-level exposures, we found
no strong association of neither aggregated redeployment or
availability of sufficient PPE at the healthcare center level, nor of
COVID-19 infection or death rates at the regional-level with any
of the mental health outcomes.

The proportion of mental health problems among HCW’s
reported in the current study are in line with the ranges reported
in other European countries (10, 47) and in several meta-analyses
of studies conducted in different global regions [13.3–41.1%
for mild anxiety/psychological distress (8, 20, 21, 48–51), 16–
31.4% for depressive symptoms (8, 21, 48–51), and 20.2–21.9%
for PTSS (48, 50, 51)]. Previous studies reported an ∼26%
increase in depressive and anxiety symptoms among the general
population globally since the beginning of the pandemic (52),
highlighting the widespread impact of the COVID-19 pandemic
on mental health. It is noteworthy, however, that there are
substantial regional differences in the extent to which mental
health problems have increased, which varies from 12% in
Southeast Asia, East Asia, and Oceania to 37% in North Africa
and Middle East in the case of depressive symptoms, and from
14% in Southeast Asia, East Asia, and Oceania to 35% in South
Asia in the case of anxiety symptoms (52).

The pattern of findings suggests that in this study, the
subjective experience of the pandemic, had the largest impact
on the mental wellbeing of HCW’s. This contradicts studies
demonstrating that frontline HCW’s, who have direct contact
with COVID-19 patients, experience more mental health
problems compared to other HCW’s (1, 7, 20). It is, nevertheless,
in line with studies that have highlighted fear of getting
infected and of infecting loved ones as risk factors for mental
health problems among HCW’s (14, 22). The current findings
also coincide with a wider body of literature highlighting the
subjective appraisal of crises and traumatic life events as drivers
of negative outcomes (53).

Another salient finding was that insufficient availability of PPE
was associated with more psychological distress and depressive
symptoms. This coincides with several studies illustrating the
negative association between PPE provision and mental health

problems, such as anxiety, depression, and PTSS (8, 11, 14, 22,
27). It has also been found that HCW’s who report insufficient
availability of PPE worry more about getting infected and about
infecting their loved ones (54, 55). This implies that availability
of sufficient PPE might protect against the effect of worries about
infection on the mental wellbeing of HCW’s, as they feel safer and
properly protected. Together with our findings highlighting the
role of the subjective experience, wemay hypothesize that HCW’s
who have insufficient access to PPE experience a lack of control
increasing worries of infection which may, in turn, exacerbate
psychological distress and symptoms of depression.

We also found that chronic physical illness is related to
psychological distress. This is in line with literature suggesting
that it constitutes a risk factor for poor mental health during
the pandemic (22), as well as with studies showing that HCW’s
(5), COVID-19 patients (27) and the general population (56)
with a pre-existing chronic physical illness are experiencing high
levels of anxiety. Chronic physical illness may be considered a
significant daily life burden, which is in itself associated with
mental health problems (57). However, it can lead to a cumulative
burden, considering that HCW’s with a chronic physical illness
belong to a high-risk group for COVID-19.

Contrary to our hypotheses, no differences in mental health
outcomes were found between different healthcare centers or
provinces. This seems consistent with the finding that only
worries about infection, as opposed to being in contact with
COVID-19 patients, was associated with psychological distress,
depressive symptoms, and PTSS. Mental health problems did not
appear to be directly related to exposure to higher local infection
and death rates. This does not support studies in which HCW’s
working in areas with high infection rates reported more stress
and anxiety (26). These findings were, however, mainly reported
at the beginning of the pandemic, whereas it has been found that
for instance local infection rates in the US are merely modestly
associated with mental health outcomes (28).

This is one of the first studies investigating mental health
outcomes among HCW’s in a multilevel model with various
objective and subjective COVID-19 related exposures at the
individual, institutional and regional level. We advanced the
current evidence on the impact of the COVID-19 pandemic
on the mental health of HCW’s by demonstrating that the
subjective experience of the pandemic, as expressed by worries
about infection and considering PPE to be sufficient, more so
than objective COVID-19 exposures, were important factors for
various adverse mental health outcomes. In the interpretation
of these findings, there are several limitations that need to be
considered. First, the current study was based on convenience
sampling and had low response rates which may suggest
selection of the population and limited generalizability to the
broader group of HCW’s. The limited available information
on the denominator population indicated that women, nurses,
and physicians were more likely to participate in the study.
Second, there was a substantial percentage of missingness for
our variables of interest which could have obscured the relations
between the studied variables. Third, the study’s design was cross-
sectional, and we had no available data about the mental health
of HCW’s prior to the pandemic. Because of the study design
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we were unable to establish any causal relations. Fourth, several
non-standardized questions were created Ad-hoc to measure the
main exposures in the current study and we adjusted the PTSS
instrument to make it specific for the pandemic. Consequently,
our results cannot be directly compared to other studies. Fifth,
we had access to data on COVID-19 infection and death rates at
the provincial level. These may conceal pronounced differences
in impact of COVID-19 between healthcare centers in the same
province. Lastly, we cannot draw any conclusions about possible
presence of PTSD as we only used a screening instrument to
examine PTSS. Importantly, the percentage of HCW’s reporting
PTSS may be overestimated considering that the pandemic was
still ongoing during the recruitment period. Such symptoms
should be monitored in the course of time to assess the possible
manifestation of PTSD symptoms. Future studies may use a
longitudinal design and structured interviews to determine the
presence of clinically significant mental health problems. In
addition, new research should include healthcare center-specific
data that illustrate the burden at the institutional level.

Conclusion and Implications
The current study demonstrated that worries about infection
and availability of sufficient PPE was more strongly associated
with adverse mental health outcomes among HCW’s than the
objective exposure to the COVID-19 pandemic in terms of being
in contact with COVID-19 patients and being redeployed due to
the pandemic. Being alert of early symptoms of mental health
problems might guide the implementation of preventive and
treatment interventions. At the individual level, screening for
HCW’s who are worrying about infection could help identify
individuals who might profit from evidence-based psychological
interventions. At the institutional and public health level,
sufficient PPE may constitute a modifiable factor for potentially
protecting against the adverse effects of the pandemic on HCW’s.
Stockpiling PPE and putting adequate and fitting PPE at the
disposal of HCW’s may protect not only their physical, but also
their mental wellbeing.
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