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Abstract 

Background Long-term deterioration in the mental health of healthcare workers (HCWs) has been reported 
during and after the COVID-19 pandemic. Determining the impact of COVID-19 incidence and mortality rates 
on the mental health of HCWs is essential to prepare for potential new pandemics. This study aimed to investigate 
the association of COVID-19 incidence and mortality rates with depressive symptoms over 2 years among HCWs in 20 
countries during and after the COVID-19 pandemic.

Methods This was a multi-country serial cross-sectional study using data from the first and second survey waves 
of the COVID-19 HEalth caRe wOrkErS (HEROES) global study. The HEROES study prospectively collected data 
from HCWs at various health facilities. The target population included HCWs with both clinical and non-clinical roles. 
In most countries, healthcare centers were recruited based on convenience sampling.

As an independent variable, daily COVID-19 incidence and mortality rates were calculated using confirmed cases 
and deaths reported by Johns Hopkins University. These rates represent the average for the 7 days preceding the par-
ticipants’ response date. The primary outcome was depressive symptoms, assessed by the Patient Health Question-
naire-9. A multilevel linear mixed model (LMM) was conducted to investigate the association of depressive symptoms 
with the average incidence and mortality rates.
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Results A total of 32,223 responses from the participants who responded to all measures used in this study 
on either the first or second survey, and on both the first and second surveys in 20 countries were included in the anal-
ysis. The mean age was 40.1 (SD = 11.1), and 23,619 responses (73.3%) were from females. The 9323 responses (28.9%) 
were nurses and 9119 (28.3%) were physicians. LMM showed that the incidence rate was significantly and positively 
associated with depressive symptoms (coefficient = 0.008, standard error 0.003, p = 0.003). The mortality rate was signifi-
cantly and positively associated with depressive symptoms (coefficient = 0.049, se = 0.020, p = 0.017).

Conclusions This is the first study to show an association between COVID-19 incidence and mortality rates 
with depressive symptoms among HCWs during the first 2 years of the outbreak in multiple countries. This study’s 
findings indicate that additional mental health support for HCWs was needed when the COVID-19 incidence 
and mortality rates increase during and after the early phase of the pandemic, and these findings may apply to future 
pandemics.

Trial registration Clinicaltrials.gov, NCT04352634.

Keywords COVID-19, Incidence rate, Mortality rate, Depressive symptoms, Healthcare worker, Multi-country study, 
Serial cross-sectional study

Manuscript
Background
Deterioration in the mental health of healthcare workers 
(HCWs) has been reported not only in the early stages 
of the novel coronavirus disease (COVID-19) pandemic 
[1–7], but also in the long term during and after the 
COVID-19 pandemic [8–25]. Mental health problems 
have been associated with absenteeism, job performance, 
and intention to leave [26–28]. Prevention and counter-
measures for mental health problems among HCWs are 
essential for sustaining the healthcare system. Few stud-
ies have examined long-term mental health outcomes 
among HCWs during and after the COVID-19 pandemic, 
and the long-term factors related to mental health among 
HCWs have not been adequately elucidated [13, 29–33]. 
Therefore, it is necessary to investigate the factors asso-
ciated with the long-term mental health deterioration 
among HCWs during and after the COVID-19 pandemic.

The severity of the COVID-19 outbreak, measured 
by the incidence and mortality rates of COVID-19, 
has been reported in many cross-sectional studies as a 
salient factor associated with increased mental health 
issues [30, 34–38]. The incidence and mortality rates 
are factors that increase and decrease over time, which 
warrant data-recording and analytical approaches ade-
quate to model such time-varying nature. In the con-
text of high COVID-19 incidence rates, HCWs may 
have experienced deterioration in their mental health 
due to increased workload, changes in work activities, 
increased risk of infection, worsening of their fear of 
infection, and limited access to adequate PPE, among 
other reasons [39]. Similarly, an increase in the COVID-
19 related mortality rate may have led to a deterioration 
in the mental health of HCWs due to traumatic experi-
ences such as the death of a patient or fear of their own 

death [40, 41]. Determining the impact of COVID-19 
incidence and mortality rates on the mental health of 
HCWs is essential to prepare for future pandemics.

There are some essential gaps in prior studies of 
COVID-19 incidence and mortality rates and long-
term mental health outcomes [42–45]. First, no study 
has investigated the long-term and time-related associ-
ation between the country’s mortality rate and HCWs’ 
mental health during and after the COVID-19 pan-
demic. Second, long-term associations between the 
incidence rate and mental health have been reported 
in single-region or country-specific studies but not in 
a multi-country study. It is unclear whether the long-
term association between the incidence or mortality 
rate and mental health varies by country or between 
high-income and low-and-middle-income countries. 
Third, to our knowledge, there was only one study with 
depressive symptoms as an outcome, which examined 
the long-term associations between the incidence rate 
and depressive symptoms. In the previous study in New 
York City, daily changes in the local and national inci-
dence rate were modestly correlated with changes in 
daily mean depressive symptoms among HCWs from 
May 2020 to January 2021 [44]. Fourth, the timeframe 
of previous studies was only one year at the most dur-
ing the COVID-19 pandemic. It is not clear whether 
the incidence and mortality rates were associated with 
depressive symptoms among HCWs only during the 
early phase of the COVID-19 pandemic or also long-
term during the COVID-19 pandemic. Therefore, fur-
ther research using long-term and multi-country data 
is needed to elucidate the direction and strength of the 
association of COVID-19 incidence and mortality rates 
with depressive symptoms. This research may reveal 
changes in depressive symptoms over time and identify 



Page 3 of 17Asaoka et al. BMC Medicine          (2024) 22:386  

when mental health support for HCWs is needed. 
Therefore, if these research gaps are studied and show 
long-term associations over two years between inci-
dence rate and mortality rate and depressive symptoms, 
long-term factors associated with depressive symptoms 
can be clarified, and prevention and improvement of 
long-term depressive symptoms from the early stages of 
an outbreak can be expected. The results of this study 
may not only help identify when depressive symptoms 
become severe and the need to take countermeasures, 
but also help prevent deterioration by identifying when 
depressive symptoms gradually worsen from their usual 
state and take preventive measures.

Accordingly, the present study aimed to investigate 
the association of depressive symptoms with the prior 
week’s incidence and mortality rates of COVID-19 over 
2 years among HCWs in 20 countries during and after 
the COVID-19 outbreak. In addition, this study aimed to 
investigate whether the association of depressive symp-
toms with the incidence and mortality rates of COVID-
19 varied by factors such as individual characteristics and 
whether the participants lived in a high-income or low-
and-middle-income country.

Methods
Study design
The design of this study was a multi-country serial cross-
sectional study using multiple waves of survey data. 
Data were retrieved from the first and second surveys 
of the international COVID-19 HEalth caRe wOrkErS 
(HEROES) study. The HEROES study aimed to assess 
the impact of the COVID-19 pandemic on HCWs’ men-
tal health [38, 46, 47]. While the HEROES study used a 
prospective cohort design that included HCWs from 
pre-selected healthcare facilities in the participating 
countries, the present analysis captures the data from 
the first and second surveys, which occurred during a 
2-year timeframe, thus allowing to examine the effect of 
time-varying stressors linked to the evolving, dynamic 
nature of the pandemic. The reason for using data from 
the first and second surveys was to examine the long-
term association between the incidence and mortality 
rates were associated with depressive symptoms from 
the early stages of the COVID-19 pandemic, as well as 
because fewer countries conducted surveys after the 
second survey. The target population included HCWs 
with both clinical and non-clinical roles (e.g., physicians, 
nurses, psychologists, dentists, managers, administrative 
staff, security, cleaning staff) employed in a wide range 
of healthcare centers (e.g., hospitals, primary care cent-
ers, mental health facilities, elderly homes, rehabilitation 
centers, emergency medical services) in the 24 partici-
pating countries. Healthcare centers were recruited in 

most countries based on convenience sampling; how-
ever, facilities were randomly selected in Brazil, Colom-
bia, Japan, and Lebanon. Sites recruited participants by 
sharing a link to the study’s digital platform via their 
work email address or the healthcare center’s inter-
nal communication system. The recruitment period for 
the first survey of the HEROES study varied by coun-
try, with the first survey taking place after March 2020 
and the second survey taking place 6 months after the 
first survey in the countries where the second survey 
was conducted. In most countries, recruitment of the 
first survey took place during the first wave of the pan-
demic, at a time when vaccines were scarcely available. 
The reason why the timing of the first survey differed 
from country to country was that the survey was started 
in countries that were ready to begin the survey in order 
to obtain data from the early stages of the COVID-19 
pandemic, which was unpredictable and sudden. The 
second survey was intended to take place 6 months after 
the first survey, but in some cases the survey took place 
after 6 months. Participants generally participated in the 
longitudinal survey, although some participants began 
participating in the second survey. An online question-
naire based on standardized measures and ad hoc items 
was employed. The study used a secure platform based 
on the REDCap model [48, 49], which was designed to 
ensure data security and quality. This system was cre-
ated ad hoc to facilitate translation into different lan-
guages, making the survey available in all participants’ 
languages.

This study was approved by accredited Institutional 
Review Boards (IRBs) in each participating country. This 
study was reported in accordance with the Strengthening 
the Reporting of Observational Studies in Epidemiology 
(STROBE) statement [50, 51].

Participants
The target population included HCWs with both clini-
cal and non-clinical roles employed in a wide range of 
healthcare centers in the participating countries. The 
inclusion criteria for potential participants included 
being of legal age, working in one of the preselected 
health facilities, working in a health facility that pro-
vides care to confirmed or suspected cases of COVID-19, 
and having an internet connection to answer the online 
questionnaire.

Measurements
Outcome
Depressive symptoms were measured by the Patient 
Health Questionnaire-9 (PHQ-9) and used as a con-
tinuous score in this study. The PHQ-9 is a self-report 



Page 4 of 17Asaoka et al. BMC Medicine          (2024) 22:386 

questionnaire developed to assess depressive symptoms 
by rating one’s condition for the previous 2 weeks [52]. 
PHQ-9 was answered by participants at the first and sec-
ond surveys. The validity and reliability of the various 
language versions have been verified [52, 53]. The PHQ-9 
is recommended as an international measure of depres-
sive symptoms by the Common Measures in Mental 
Health Science Initiative [54, 55]. 

Independent variables
The incidence and mortality rates of COVID-19 were cal-
culated as a moving average of the 7 days prior to each 
participant’s response date based on the number of daily 
confirmed COVID-19 cases and deaths in each country 
as reported by the COVID-19 Data Repository at Johns 
Hopkins University [56]. The incidence rate was calcu-
lated as the number of COVID-19 cases per 100,000 
population, and the mortality rate was calculated by 
dividing the number of recorded deaths by the number of 
COVID-19 cases and then multiplying by 100 to obtain a 
percentage [56].

In addition, four researchers (HA, KW, YM, and DN) 
discussed the time period for calculating the incidence 
and mortality rates of COVID-19 with reference to the 
previous studies [38, 44]. There was a possibility of errors 
in government statistics for any particular day of the 
week, and the participant might not know the incidence 
and mortality rates of COVID-19 of their response date. 
As a result of the discussion, it was decided that the aver-
age incidence and mortality rates of COVID-19 from 7 
days to 1 day prior to the response date would be more 
appropriate than the incidence and mortality rates on the 
response date. Thus, the incidence and mortality rates of 
COVID-19 in this study were defined as the average inci-
dence and mortality rates of COVID-19 over the 7 days 
preceding the date the participants responded (Addi-
tional file 1: Figure S1 and Figure S2).

Demographic variables
Questions about age, gender, occupation, experience of 
contact with patients who had suspected or confirmed 
cases of COVID-19, and history of mental health prob-
lems were initially developed in the HEROES study [47]. 
The occupation was categorized into five groups based 
on a previous study: physicians, nurses, other HCWs 
(e.g., psychologist, social worker, radiology techni-
cian, laboratory technician, physical therapist, respira-
tory therapist, dietician, dentist, occupational therapist, 
speech therapist, first responder, clinical manager/direc-
tor, social-community mental health worker), ancillary 
workers (e.g., non-clinical manager, administrator/sec-
retary/admission, patient transportation, food/hospital-
ity, cleaning staff, maintenance staff, security staff), and 

other [38]. The question about the experience of contact 
with patients who were suspected or confirmed cases of 
COVID-19 was “During the past week, have you been 
close to patients who were suspected or confirmed cases 
of COVID-19?” and answered with three choices (yes/ 
no/ I don’t know). The question about the history of men-
tal health problems was “Before the pandemic, did you 
have a mental health diagnosis?” and answered with three 
choices (yes/ no/ I don’t know). Based on the DAC List 
of ODA Recipients for reporting on aid in 2022 and 2023 
published by the Organization for Economic Co-oper-
ation and Development, participants’ countries of resi-
dence were classified as high-income countries (Chile, 
Czech Republic, Germany, Italy, Japan, Netherlands, 
Saudi Arabia, Spain, and Uruguay) or low-and-middle-
income countries (Argentina, Armenia, Bolivia, Brazil, 
Colombia, Guatemala, Mexico, Nigeria, Peru, Tunisia, 
and Venezuela) [57]. 

Statistical analysis
We analyzed the dataset of responses of the partici-
pants who responded to all measures used in this study 
on either the first or second survey, and on both the first 
and second surveys. Missing values were considered 
missing not at random because some variables were not 
measured in some countries, so all participants in those 
countries had missing values for those variables, and par-
ticipants with severe depressive symptoms may have had 
missing values because they had difficulty responding to 
the PHQ-9. We did not adopt any imputation methods 
because missing in the present study should occur not at 
random and imputations were problematic. Most of the 
excluded participants in this study responded only once 
and did not respond to all of the measures used. The par-
ticipants with missing values might have had systematic 
differences from the completers. Instead, we compared 
and reported statistical differences in demographic 
characteristics. Mann–Whitney U tests for continuous 
variables, and Pearson’s chi-squared tests for categori-
cal variables were used to compare variables between the 
analyzed and excluded responses. The average incidence 
and mortality rates of COVID-19 and PHQ-9 were cal-
culated for the entire period of this study, each year, and 
each month based on the participants’ response dates, 
regardless of the first and second surveys. The intra-
class correlation coefficients (ICC) within countries for 
PHQ-9 were calculated for all responses of the analyzed 
participants.

Multilevel linear mixed models (LMM) were con-
ducted to investigate the association of depressive symp-
toms with the incidence and mortality rates [58, 59]. The 
data were conceptualized as a two-level model, consisting 
of individuals at the first level and countries at the second 
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level. We used restricted maximum likelihood (ReML) 
estimation for all LMM analyses [60]. Three steps of mul-
tilevel LMM were conducted. The first step of the analy-
sis was performed without explanatory variables (null 
model: Model 1). This model contains a random effect 
between countries of the intercept for the depressive 
symptoms and the fixed effect of time. The time effect 
was coded as a daily-level continuous variable based on 
the survey period, with January 1, 2020, as 0. The out-
come, the PHQ-9, was used at the daily-level based on 
the participant’s response date. The incidence or mortal-
ity rates were entered into Model 2 (crude model). The 
average incidence and mortality rates of COVID-19 from 
7 days to 1 day prior to the response date were also used 
at the daily-level based on the participant’s response 
date. The demographic and work-related variables were 
entered into Model 3 (adjusted model) as the covari-
ates. Akaike information criteria (AIC) was calculated 
to check the model fit [61–63]. In model 3 of the mul-
tilevel linear mixed model (LMM), the grand mean cen-
tered on age established a useful zero point, and dummy 
variables were created for gender, occupation, contact 
with patients who had suspected or confirmed cases of 
COVID-19, and history of mental health problems. The 
equation for Model 3 could be explained as follows;

Level 1 (individual level)

Level 2 (country level)

Note: Yijt means the score of depressive symptoms of 
individual healthcare worker j who lived in a country i at 
Time t. ε0jt means a random effect, and eijt means a residual.

Three similar steps of multilevel LMMs were conducted 
in each of the subgroups classified by gender (men and 
women), occupation (physicians, nurses, other HCWs, 
ancillary workers, and others), contact with patients who 
had suspected or confirmed cases of COVID-19 (yes, 
and no), history of mental health problems (yes, and no), 

Y (depressive symptoms : PHQ − 9)ijt = β0j + β1 ∗
(

age
)

ijt
+ β2 ∗

(

gender : female
)

ijt
+ β3 ∗

(

gender : other gender
)

ijt

+ β4 ∗ (Occupation : nurses)ijt + β5 ∗ (Occupation : other healthcare workers)ijt

+ β6 ∗
(

Occupation : ancillary workers
)

ijt
+ β7 ∗ (Occupation : other)ijt

+ β8 ∗
(

Contact with patients who had suspected or confirmed cases of COVID − 19 : yes
)

ijt

+ β9 ∗
(

Contact with patients who had suspected or confirmed cases of COVID − 19 : I do not know
)

ijt

+ β10 ∗
(

History of mental health problems : yes
)

ijt
+ β11 ∗

(

History of mental health problems : I do not know
)

ijt
+ eijt

β0jt = γ 00 ∗ incidence rate or mortality rate of COVID − 19
jt
+ ε0jt

ε0jt ∼

(

0, σ 2

)

and high-income and low-and-middle-income countries. 
As a sensitivity analysis, similar multilevel LMMs were 
conducted on 30,520 responses, including the 28,817 
responses which were responded to either the first or 
second survey, and only the responses to the first survey 
from the 1703 participants who responded to both the 
first and second surveys.

The statistical significance level was set at a p value of 
less than 0.05. All analyses were conducted by using SPSS 
version 29.0 J for Windows (SPSS, Tokyo, Japan).

Results
Participants flow
The 37,105 participants from 24 countries (Argentina, 
Armenia, Belgium, Bolivia, Brazil, Chile, Colombia, 
Czech Republic, Germany, Guatemala, Italy, Japan, Leb-
anon, Mexico, Netherlands, Nigeria, Peru, Puerto Rico, 
Saudi Arabia, South Africa, Spain, Uruguay, Tunisia, and 
Venezuela) participated in the first survey. The 15,117 
participants from 14 countries (Argentina, Armenia, 
Chile, Colombia, Czech Republic, Guatemala, Japan, 
Mexico, Netherlands, Nigeria, Peru, Puerto Rico, and 
Spain, Tunisia) participated in the second survey. From 
the first and second surveys, 52,222 responses were 
collected from 24 countries (Argentina, Armenia, Bel-
gium, Bolivia, Brazil, Chile, Colombia, Czech Republic, 

Germany, Guatemala, Italy, Japan, Lebanon, Mexico, 
Netherlands, Nigeria, Peru, Puerto Rico, Saudi Arabia, 
Tunisia, Venezuela, South Africa, Spain, and Uruguay). 
The 19,999 responses that did not respond to the varia-
bles used in this study were excluded. All participants in 
4 countries (Belgium, Lebanon, Puerto Rico, and South 
Africa) were excluded because they did not respond to 
the variables used in this study, such as PHQ-9. Thus, 
32,223 responses from 30,520 participants in 20 coun-
tries (Argentina, Armenia, Bolivia, Brazil, Chile, Colom-
bia, Czech Republic, Germany, Guatemala, Italy, Japan, 
Mexico, Netherlands, Nigeria, Peru, Saudi Arabia, Spain, 
Tunisia, Uruguay, Venezuela) were included in the analy-
sis. The 28,817 responses were responded to either the 
first or second survey, and the 1703 participants who 
responded to both the first and second surveys (Fig. 1).
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Participant characteristics
The mean age was 40.1 years (SD = 11.1); 23,619 
responses (73.3%) were from women, 9323 (28.9%) were 
nurses, and 9119 (28.3%) were physicians (Table 1). The 
mean PHQ-9 score was 6.0 (SD = 5.5). The ICC within 
countries for the PHQ-9 was 0.07 among all analyzed 
participants’ responses.

The mean incidence rate of COVID-19 for the 
entire period of this study was 11.90 (SD = 16.46), 6.77 
(SD = 7.78) in 2020, 20.87 (SD = 22.73) in 2021, and 12.00 
(SD = 8.80) in 2022 (Table 2). The mean mortality rate of 
COVID-19 for the entire period of this study was 6.47 
(SD = 4.96), 7.70 (SD = 5.32) in 2020, 4.42 (SD = 3.37) 
in 2021, and 2.28 (SD = 0.01) in 2022. The number of 
responses from the analyzed participants each month 
for each country is shown in Table S1 (Additional file 1: 
Table S1). The earliest response date was April 24, 2020, 

and the latest was March 5, 2022, and there were partici-
pant responses every month during this period.

The results of Mann–Whitney U tests and Pear-
son’s chi-square tests, gender (p < 0.01), age (the ana-
lyzed responses 40.1 years, the excluded responses 38.6 
years; p < 0.01), occupation (p < 0.01), the experience 
of contact with patients who had suspected or con-
firmed cases of COVID-19 (p < 0.01), history of mental 
health problems (p < 0.01), country (p < 0.01), the inci-
dence rate of COVID-19 (the analyzed responses 11.9, 
the excluded responses 22.6; p < 0.01) and the mortal-
ity rate of COVID-19 (the analyzed responses 6.5, the 
excluded responses 5.7; p < 0.01) were significantly differ-
ent between the analyzed responses (n = 32,223) and the 
excluded responses (n = 19,999) (Table 3). There was no 
significant difference in PHQ-9 scores between the ana-
lyzed and excluded responses.

Fig. 1 Participant flow. The design of this study was a multi-country serial cross-sectional study, not a longitudinal study, although data were 
retrieved from the first and second surveys of the international COVID-19 HEalth caRe wOrkErS (HEROES) study. We analyzed the dataset 
of responses of the participants who responded to all measures used in this study
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Association between incidence or mortality rate 
of COVID‑19 and depressive symptoms
Multilevel LMM showed that time was significantly neg-
atively associated with depressive symptoms in model 1 
(coefficient = − 0.003, se = 0.000, p < 0.001). The incidence 
rate was significantly positively associated with depres-
sive symptoms in model 2 (coefficient = 0.011, se = 0.003, 
p < 0.001) and model 3 (coefficient = 0.008, se = 0.003, 
p = 0.003) (Table 4). In this multilevel LMM, model 3 had 
the best model fit (AIC = 194,434.531).

The mortality rate was significantly positively asso-
ciated with depressive symptoms in model 2 (coef-
ficient = 0.076, se = 0.022, p < 0.001) and model 3 
(coefficient = 0.049, se = 0.020, p = 0.017) (Table  5). In 
this multilevel LMM, model 3 had the best model fit 
(AIC = 194,433.259).

In subgroup analyses by gender, there was a signifi-
cant positive association between the incidence rate of 
COVID-19 and depressive symptoms in models 2 and 
3 in both men and women (Additional file 1: Table S2 
and Table  S3). There was a significant association in 
women between the mortality rate of COVID-19 and 
depressive symptoms in model 2 (coefficient = 0.074, 
se = 0.026, p = 0.004) and model 3 (coefficient = 0.050, 
se = 0.024, p = 0.035), but no significant association in 
men (Additional file 1: Table S4 and Table S5).

In subgroup analyses by occupation, there was a signifi-
cant association between the incidence rate of COVID-19 
and depressive symptoms in model 2 (coefficient = 0.013, 
se = 0.005, p = 0.018) among physicians, model 2 (coef-
ficient = 0.017, se = 0.005, p = 0.002) and model 3 (coef-
ficient = 0.014, se = 0.005, p = 0.006) among nurses, and 
model 2 (coefficient = 0.014, se = 0.006, p = 0.037) among 
other HCWs, but not among ancillary workers and other 
occupations (Additional file  1: Table  S6 to Table  S10). 
There was no significant association between the mortal-
ity rate of COVID-19 and depressive symptoms among 
any of the occupations (Additional file  1: Table  S11 to 
Table S15).

In subgroup analyses by the experience of contact 
with patients who had suspected or confirmed cases of 
COVID-19, there was a significant association between 
the incidence rate of COVID-19 and depressive symp-
toms in model 2 (coefficient = 0.011, se = 0.005, p = 0.032) 
among participants without the experience of contact with 
patients who had suspected or confirmed cases of COVID-
19, model 2 (coefficient = 0.009, se = 0.004, p = 0.015) and 
model 3 (coefficient = 0.009, se = 0.004, p = 0.010) among 
participants with the experience of contact with patients 
who had suspected or confirmed cases of COVID-19 
(Additional file  1: Table  S16 and Table  S17). There was 

Table 1 Characteristics of the participants (N = 32,223)

SD standard deviation, COVID-19 novel coronavirus disease 2019, PHQ-9 Patient 
Health Questionnaire-9
a  Other healthcare workers: e.g., psychologist, social worker, radiology 
technician, laboratory technician, physical therapist, respiratory therapist, 
dietician, dentist, occupational therapist, speech therapist, first responder 
(Paramedic/EMT), clinical manager/director, social-community mental health 
worker
b  Ancillary workers: e.g., non-clinical manager, administrator/secretary/
admission, patient transportation, food/hospitality, cleaning staff, maintenance 
staff, security staff

Variables N % Mean SD

Gender

 Male 8563 26.6%

 Female 23,619 73.3%

 Other gender 41 0.1%

Age (years) 40.1 11.1

Occupation

 Physicians 9119 28.3%

 Nurses 9323 28.9%

 Other healthcare  workersa 6989 21.7%

 Ancillary  workersb 3976 12.4%

 Other 2816 8.7%

Contact with patients who had suspected or confirmed cases of COVID-19

 No 10,516 32.6%

 Yes 16,065 49.9%

 I do not know 5642 17.5%

History of mental health problems and drugs

 No 27,369 84.9%

 Yes 4561 14.2%

 I do not know 293 0.9%

Country

 Argentina 1483 4.6%

 Armenia 292 0.9%

 Bolivia 109 0.3%

 Brazil 2377 7.4%

 Chile 2982 9.3%

 Colombia 2437 7.6%

 Czech Republic 1344 4.2%

 Germany 159 0.5%

 Guatemala 1265 3.9%

 Italy 4189 13.0%

 Japan 1078 3.3%

 Mexico 6476 20.1%

 Netherlands 407 1.3%

 Nigeria 273 0.8%

 Peru 1351 4.2%

 Saudi Arabian 118 0.4%

 Spain 3204 9.9%

 Tunisia 458 1.4%

 Uruguay 1629 5.1%

 Venezuela 592 1.8%

PHQ-9 (range 0–27) 6.0 5.5
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a significant association between the mortality rate of 
COVID-19 and depressive symptoms in model 2 (coeffi-
cient = 0.087, se = 0.031, p = 0.005) among participants with 
the experience of contact with patients who had suspected 
or confirmed cases of COVID-19, but no significant asso-
ciation among participants without the experience of con-
tact with patients who had suspected or confirmed cases of 
COVID-19 (Additional file 1: Table S18 and Table S19).

In subgroup analyses by the history of mental health 
problems, there was a significant association between the 
incidence rate of COVID-19 and depressive symptoms 
in model 2 (coefficient = 0.012, se = 0.003, p < 0.001) and 
model 3 (coefficient = 0.010, se = 0.003, p < 0.001) among 
participants without a history of mental health prob-
lems, but no significant association among participants 
with a history of mental health problems (Additional 
file 1: Table S20 and Table S21). There was a significant 

association between the mortality rate of COVID-19 
and depressive symptoms in model 2 (coefficient = 0.119, 
se = 0.052, p = 0.024) among participants with a history 
of mental health problems, but no significant association 
among participants without a history of mental health 
problems (Additional file 1: Table S22 and Table S23).

In subgroup analyses in high-income or low-and-mid-
dle-income countries, there was a significant association 
between the incidence rate of COVID-19 and depres-
sive symptoms in model 2 (coefficient = 0.015, se = 0.006, 
p = 0.014) in low-and-middle-income countries, but no 
significant association in high-income countries (Addi-
tional file  1: Table  S24 and Table  S25). There was a sig-
nificant positive association between the mortality rate 
of COVID-19 and depressive symptoms in model 2 and 
model 3 in both high-income and low-and-middle-income 
countries (Additional file 1: Table S26 and Table S27).

Table 2 The annual and monthly means of the incidence and mortality rates of COVID-19, and PHQ-9

SD standard deviation, COVID-19 novel coronavirus disease 2019, PHQ-9 Patient Health Questionnaire-9
a  Mean of the incidence and mortality rates from 7 days before to the day before the survey day in the participants’ country

Date n Incidence  ratea Mortality  ratea PHQ‑9

Mean SD Mean SD Mean SD

All 32,223 11.90 16.46 6.47 4.96 5.97 5.47

April-December, 2020 20,,328 6.77 7.78 7.70 5.32 6.20 5.45

April, 2020 352 7.13 1.36 10.58 0.22 7.76 5.38

May, 2020 2140 2.07 2.82 12.39 2.20 6.93 5.40

June, 2020 5606 4.51 9.66 11.67 4.50 6.55 5.11

July, 2020 4271 5.82 5.00 6.10 4.70 5.67 5.43

August, 2020 2360 11.44 8.38 6.57 5.42 5.78 5.38

September, 2020 2674 10.49 6.74 4.49 3.20 5.92 5.66

October, 2020 1608 8.86 5.44 2.46 0.87 6.45 5.80

November, 2020 1189 7.48 6.56 2.52 0.87 5.69 5.95

December, 2020 128 18.88 3.26 2.62 0.34 7.27 6.04

January-December, 2021 11,623 20.87 22.73 4.42 3.37 5.58 5.46

January, 2021 8 70.70 20.11 2.23 0.13 13.50 9.90

February, 2021 1815 30.65 21.58 3.67 2.75 5.94 5.13

March, 2021 3338 17.38 14.20 4.09 3.50 5.06 5.28

April, 2021 3817 21.65 30.20 6.53 3.50 5.28 5.40

May, 2021 750 27.19 16.11 2.18 0.75 6.55 5.50

June, 2021 499 19.61 22.94 1.96 0.52 5.62 5.29

July, 2021 227 28.90 8.52 2.46 0.13 6.65 6.06

August, 2021 625 11.88 6.37 2.49 0.13 7.17 6.23

September, 2021 239 3.00 0.12 2.55 0.00 5.59 5.46

October, 2021 294 2.82 0.08 2.55 0.00 6.30 6.61

November, 2021 3 4.62 0.00 2.54 0.00 5.67 4.73

December, 2021 8 3.74 0.00 2.53 0.00 5.50 5.98

January-March, 2022 272 12.00 8.80 2.28 0.01 5.24 5.51

January, 2022 4 51.66 0.00 2.31 0.00 4.25 3.50

February, 2022 181 15.44 5.53 2.28 0.00 4.55 5.52

March, 2022 87 3.01 0.00 2.29 0.00 6.70 5.31
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Table 3 Demographic and outcome variables in the analyzed responses and the excluded responses

Variables The analyzed responses
(n = 32,223)

The excluded responses
(n = 19,999)

χ2/ Mann–
Whitney Ua

N/ Mean %/ SD N/ Mean %/ SD p

Gender  < 0.01

 Men 8563 26.6% 4140 24.4%

 Women 23,619 73.3% 12,789 75.3%

 Other gender 41 0.1% 47 0.3%

 Missing 0 3023

Age (years) 40.1 11.1 38.6 10.9  < 0.01

Occupation  < 0.01

 Physicians 9119 28.3% 3958 28.3%

 Nurses 9323 28.9% 4818 34.4%

 Other healthcare  workersb 6989 21.7% 2544 18.2%

 Ancillary  workersc 3976 12.4% 1417 10.1%

 Other 2816 8.7% 1271 9.1%

 Missing 0 5991

Contact with patients who had suspected or confirmed 
cases of COVID-19

 < 0.01

 No 10,516 32.6% 3898 28.4%

 Yes 16,065 49.9% 7770 56.5%

 I do not know 5642 17.5% 2079 15.1%

 Missing 0 6252

History of mental health problems and drugs 0.03

 No 27,369 84.9% 4194 85.6%

 Yes 4561 14.2% 677 13.8%

 I do not know 293 0.9% 27 0.6%

 Missing 0 15,101

Country  < 0.01

 Argentina 1483 4.6% 766 3.8%

 Armenia 292 0.9% 351 1.8%

 Belgium 0 0.0% 326 1.6%

 Bolivia 109 0.3% 58 0.3%

 Brazil 2377 7.4% 869 4.3%

 Chile 2982 9.3% 1131 5.7%

 Colombia 2437 7.6% 1459 7.3%

 Czech Republic 1344 4.2% 2324 11.6%

 Germany 159 0.5% 45 0.2%

 Guatemala 1265 3.9% 1087 5.4%

 Italy 4189 13.0% 1313 6.6%

 Japan 1078 3.3% 338 1.7%

 Lebanon 0 0.0% 768 3.8%

 Mexico 6476 20.1% 1792 9.0%

 Netherlands 407 1.3% 1320 6.6%

 Nigeria 273 0.8% 254 1.3%

 Peru 1351 4.2% 2403 12.0%

 Puerto Rico 0 0.0% 405 2.0%

 Saudi Arabia 118 0.4% 129 0.6%

 Spain 3204 9.9% 1168 5.8%

 Tunisia 458 1.4% 311 1.6%

 South Africa 0 0.0% 69 0.3%

 Uruguay 1629 5.1% 867 4.3%
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Table 3 (continued)

Variables The analyzed responses
(n = 32,223)

The excluded responses
(n = 19,999)

χ2/ Mann–
Whitney Ua

N/ Mean %/ SD N/ Mean %/ SD p

 Venezuela 592 1.8% 446 2.2%

 Missing 0 0

PHQ-9 (range 0–27) 6.0 5.5 6.0 5.5 0.12

Incidence rate of COVID-19d 11.9 16.5 22.6 27.7  < 0.01

Mortality rate of COVID-19e 6.5 5.0 5.7 5.1  < 0.01

SD standard deviation, COVID-19 novel coronavirus disease 2019, PHQ-9 Patient Health Questionnaire-9
a  Mann–Whitney U tests was conducted for continuous variables and Pearson’s chi-square tests for categorical variables
b  Other healthcare workers: e.g., psychologist, social worker, radiology technician, laboratory technician, physical therapist, respiratory therapist, dietician, dentist, 
occupational therapist, speech therapist, first responder (Paramedic/EMT), clinical manager/director, social-community mental health worker
c  Ancillary HCWs: e.g., non-clinical manager, administrator/secretary/admission, patient transportation, food/hospitality, cleaning staff, maintenance staff, security 
staff
d  Mean of incidence rate from 7 days before to the day before the survey day in the participants’ country. The incidence rate was calculated as the number of cases per 
100,000 population
e  Mean of mortality rate from 7 days before to the day before the survey day in the participants’ country. The mortality rate was calculated by dividing the number of 
recorded deaths by the number of cases and then multiplying by 100 to obtain a percentage

Table 4 Association between incidence rate of COVID-19a and depressive symptoms: results of multilevel linear mixed model 
(N = 32,223)

SE standard error
a  Mean of incidence rate from 7 days before to the day before the survey day in the participants’ country

The incidence rate was calculated as the number of cases per 100,000 population

Model 1 (Null model) Model 2 (Crude model) Model 3

Coefficient SE p Coefficient SE p Coefficient SE p

Fixed effect

 Intercept 6.444 0.368  < 0.001 6.442 0.356  < 0.001 4.041 0.279  < 0.001

 Time (days)  − 0.003 0.000  < 0.001  − 0.003 0.000  < 0.001  − 0.003 0.000  < 0.001

Variables

 Incidence rate of COVID-19a (cases/100,000) 0.011 0.003  < 0.001 0.008 0.003 0.003

 Age (years)  − 0.060 0.003  < 0.001

 Gender: women (Ref: men) 1.147 0.065  < 0.001

 Gender: other gender (Ref: men) 1.397 0.773 0.071

 Occupation: nurses (Ref: physicians) 0.183 0.076 0.016

 Occupation: other healthcare workers (Ref: physicians)  − 0.423 0.081  < 0.001

 Occupation: ancillary workers (Ref: physicians) 0.111 0.098 0.255

 Occupation: other (Ref: physicians) 0.215 0.110 0.050

 Contact with patients who had suspected or confirmed 
cases of COVID-19: yes (Ref: no)

1.415 0.068  < 0.001

 Contact with patients who had suspected or confirmed 
cases of COVID-19: I do not know (Ref: no)

1.197 0.083  < 0.001

 History of mental health problems: yes (Ref: no) 4.459 0.082  < 0.001

 History of mental health problems: I do not know (Ref: 
no)

3.179 0.291  < 0.001

Random effect

 Intercept 2.506 0.828 0.002 2.330 0.772 0.003 1.261 0.425 0.003

 Residual variance 27.944 0.220  < 0.001 27.993 0.220  < 0.001 24.340 0.192  < 0.001

 AIC 198,859.363 198,854.551 194,434.531
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In summary, subgroup analyses showed that as the inci-
dence rate increased, depressive symptoms worsened 
among men, women, nurses, those who had contact with 
patients who had suspected or confirmed cases of COVID-
19, those without a history of mental health problems, 
and those living in low-and-middle-income countries. 
Subgroup analyses also showed that as the mortality rate 
increased, depressive symptoms worsened among women, 
those who had contact with patients who had suspected 
or confirmed cases of COVID-19, those with a history 
of mental health problems and those living in both high-
income and low-and-middle-income countries.

In a sensitivity analysis of 30,520 responses, there was a 
similarly significant positive association of incidence and 
mortality rates with depressive symptoms in the multi-
level LMM (Additional file 1: Table S28 and Table S29).

Discussion
This study showed the association of prior week inci-
dence and mortality rates with depressive symptoms over 
2 years among HCWs in 20 countries during and after 
the COVID-19 outbreak. In addition, the association of 

the incidence and mortality rates with depressive symp-
toms varied by the country and individual characteristics 
of the participants.

This study found that the increased daily incidence 
rates were associated with worsened depressive symp-
toms among HCWs in 20 countries, including both 
high-income and low-and-middle-income countries, 
regardless of the country of residence. Table  3 shows 
that in the best-fitting model 3, an increase of 1 per 
100,000 in the mean incidence of COVID-19 from 7 
days to 1 day before the survey date in the healthcare 
worker’s country of residence increased the value of 
PHQ-9 of the participant by 0.008. In the Netherlands 
on February 12, 2022, which had the highest incidence 
rate of COVID-19 of 731.31 during the study period in 
20 countries, the PHQ-9 score was calculated to have 
increased by 5.85 compared to when the incidence rate 
was 0. These results suggest that although the coef-
ficient was small at 0.008, a high incidence rate would 
result in a large increase in the PHQ-9 score, which 
may exceed the cutoff score of 10 for major depres-
sive disorder, and that the incidence rate was a serious 

Table 5 Association between mortality rate of COVID-19a and depressive symptoms: results of multilevel linear mixed model 
(N = 32,223)

SE standard error
a  Mean of mortality rate from 7 days before to the day before the survey day in the participants’ country

Model 1 (Null model) Model 2 (Crude model) Model 3

Coefficient SE p Coefficient SE p Coefficient SE p

Fixed effect

 Intercept 6.444 0.368  < 0.001 5.891 0.410  < 0.001 3.689 0.324  < 0.001

 Time (days)  − 0.003 0.000  < 0.001  − 0.002 0.000  < 0.001  − 0.002 0.000  < 0.001

Variables

 Mortality rate of COVID-19a (%) 0.076 0.022  < 0.001 0.049 0.020 0.017

 Age (years)  − 0.060 0.003  < 0.001

 Gender: women (Ref: men) 1.149 0.065  < 0.001

 Gender: other gender (Ref: men) 1.407 0.773 0.069

 Occupation: nurses (Ref: physicians) 0.159 0.077 0.037

 Occupation: other healthcare workers (Ref: physicians)  − 0.429 0.081  < 0.001

 Occupation: ancillary workers (Ref: physicians) 0.101 0.098 0.302

 Occupation: other (Ref: physicians) 0.227 0.110 0.038

 Contact with patients who had suspected or confirmed 
cases of COVID-19: yes (Ref: no)

1.424 0.068  < 0.001

 Contact with patients who had suspected or confirmed 
cases of COVID-19: I do not know (Ref: no)

1.195 0.083  < 0.001

 History of mental health problems: yes (Ref: no) 4.456 0.082  < 0.001

 History of mental health problems: I do not know (Ref: 
no)

3.174 0.291  < 0.001

Random effect

 Intercept 2.506 0.828 0.002 2.650 0.877 0.003 1.373 0.462 0.003

 Residual variance 27.944 0.220  < 0.001 27.934 0.220  < 0.001 24.341 0.192  < 0.001

 AIC 198,859.363 198,853.314 194,433.259
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associated factor for depressive symptoms among 
healthcare workers during the COVID-19 pandemic. 
The association between incidence rate and depressive 
symptoms among HCWs during the COVID-19 pan-
demic was consistent with the previous longitudinal 
study conducted in New York [44]. This study adds to 
the findings of previous studies that the incidence rate 
of COVID-19 is associated with depressive symptoms 
among HCWs not only in a local region but also in 20 
countries, including both high-income and low-and-
middle-income countries, and that the association per-
sists for as long as 2 years, not just in the early stages of 
the COVID-19 pandemic. Reasons for the association 
over 2 years include a higher workload with increased 
incidence of COVID-19 and exhaustion with a pro-
longed COVID-19 pandemic, combined with the sense 
of no longer being valued by organizations or even by 
patients in an understaffed environment during and 
after the COVID-19 pandemic [15]. 

This study showed an association between depressive 
symptoms and the mortality rate among multinational 
HCWs during the first 2 years of the COVID-19 pan-
demic in 20 countries. Table 4 shows that in the best-fit-
ting model 3, an increase of 1% in the mean mortality rate 
from 7 days to 1 day before the survey date in the partici-
pant’s country of residence increased the PHQ-9 score of 
the participant by 0.049. Some reasons for observing the 
association even 2 years after the start of the COVID-19 
pandemic include moral injury, difficult clinical decisions 
regarding patients with COVID-19, and repeated trau-
matic experiences of patient deaths throughout the pan-
demic [64]. Therefore, this study suggested that mortality 
rate might be a long-term associated factor in the mental 
health of healthcare workers internationally during the 
COVID-19 pandemic.

This study showed a long-term association between 
the incidence and mortality rates and depressive symp-
toms and revealed depressive symptoms over time and 
when mental health support was needed for HCWs 
during and after the COVID-19 pandemic. The results 
of Model 1 in Table 3 and Table 4 show that the PHQ-9 
score of a participant decreased by 0.002 from 6.444 
with each passing day from January 1, 2020. Thus, 
considering only time, depressive symptoms among 
HCWs were worst in the early stages of the COVID-
19 pandemic and gradually improved over time. In 
addition, this study showed that the increased daily 
incidence and mortality rates were associated with 
worsening depressive symptoms over 2 years. As it 
has been reported that future trajectories of the inci-
dence and mortality rates can be simulated [65–67], 
this study’s results are important in identifying periods 

of worsening depressive symptoms among HCWs dur-
ing and after the COVID-19 pandemic. This study sug-
gested that countermeasures for depressive symptoms 
were needed in any country at the beginning of the 
pandemic and at the times of an increase in the inci-
dence and mortality rates during the 2 years from the 
beginning of the COVID-19 pandemic. Training on 
infectious diseases and training on mental health, such 
as psychological first aid, may be an effective coun-
termeasure for healthcare workers before a pandemic 
begins or in the very early stages [68, 69]. Psychoe-
ducational interventions (e.g., online stress reduction 
information, behavioral changes including exercise) 
and psychosocial interventions (e.g., “talk therapy,” cri-
sis lines), which have been reported to be effective in 
previous studies [70–73], may be beneficial to the men-
tal health of health care workers as a countermeasure 
during a pandemic, especially when infection and mor-
tality rates increase. It may also be important for the 
government and affiliated organizations such as hos-
pitals to plan and implement programs and counter-
measures for the mental health of healthcare workers 
during a pandemic. This study indicated the need for 
additional mental health care for healthcare workers 
when the incidence rate and mortality rate of COVID-
19 increased during the pandemic and suggests that 
specific measures may be needed for those whose 
mental health is particularly affected by the increases. 
Based on the results of the subgroup analysis, when the 
incidence and mortality rates increased, mental health 
countermeasures were especially needed for HCWs 
who were women, nurses, those who had contact with 
suspected or confirmed cases of COVID-19, and those 
who lived in low-and-middle-income countries.

Furthermore, this study’s results may be applicable dur-
ing future outbreaks of emerging infectious diseases other 
than COVID-19. It may be helpful to implement mental 
health countermeasures for HCWs during potential new 
global health emergency crises, both at the beginning of 
an epidemic and at the time of an increase in the inci-
dence and mortality rates of emerging infectious dis-
eases. This study also suggested that during outbreaks of 
emerging infectious diseases other than COVID-19, it 
may be necessary to identify the characteristics of health-
care workers who are particularly affected in their mental 
health by the increases in the incidence rate and mortality 
rate and to implement specific countermeasures for these 
healthcare workers. In addition, there might have been 
benefits to the participants in this study, including the fact 
that they were able to assess their own mental health and 
the possibility that the results of this study could prevent 
or improve their mental health in the future.
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Limitations
There are several limitations to this study. First, because 
this study was based on convenience sampling in most 
countries and recruitment methods differed somewhat 
from country to country, it is necessary to interpret the 
findings of this study with attention to the representative-
ness of the participants. Selection bias due to the meth-
ods used to recruit participants may have limited the 
generalizability of the results. Examples of selection bias 
could include the fact that the recruitment methods cre-
ated biases in the medical specialties of the participants 
and the hospitals in which they worked, resulting in char-
acteristics of the participants that differed from those of 
the general healthcare workforce during the COVID-19 
pandemic. HCWs who experienced a severe worsening of 
depressive symptoms during the pandemic may not have 
been able to participate in this study because of severe 
depressive symptoms or because they had retired from 
their jobs. The mean PHQ-9 score for participants in this 
study was 6.0, and 14.2% had a history of mental health 
problems, indicating some inclusion of HCWs with wors-
ening depressive symptoms, but selection bias may have 
occurred if those with severe depressive symptoms were 
unable to participate. Future studies are needed using 
recruitment methods that do not cause selection bias, 
such as random sampling. Second, many participants 
were excluded due to missing values in their responses. As 
most participants in this study responded only once and 
missing values in the present study should occur not at 
random, the implementation of missing value imputation, 
such as multiple imputation, was problematic and miss-
ing values could not be imputed. The bias in the charac-
teristics of the excluded responses, such as incidence rate, 
mortality rate, demographic variables, and work-related 
variables, compared to the included responses in this 
study may have affected the results and could affect the 
generalizability of the findings. The exclusion of responses 
from all participants in all four countries due to missing 
values could affect the generalizability of the findings. 
To address this limitation, this study conducted several 
subgroup analyses to investigate the association between 
incidence and mortality rates and depressive symptoms 
by demographic variables such as gender, occupation, 
and high-income and low-and-middle-income countries. 
Third, because the study applied the incidence and mor-
tality rates of COVID-19 for each country, the rates in 
the participant’s region might have differed from those 
in their country if there were significant regional differ-
ences. In future studies, examining associations using 
national and regional level incidence and mortality rates 
of COVID-19 may provide further understanding of the 
association with mental health. Fourth, some factors that 

might have been related to the incidence and mortal-
ity rates of COVID-19 and depressive symptoms among 
HCWs during the COVID-19 pandemic could not be 
included in the model in the analysis. Although the inci-
dence and mortality rates of COVID-19 were country-
level factors, and thus confounding factors were unlikely 
in their association with depressive symptoms, the model 
in the analysis might have been more appropriate if vari-
ables such as vaccination against COVID-19, which 
could not be measured because the study was conducted 
before the development of the vaccine against COVID-
19, could have been included [74]. Fifth, participants’ 
response dates were scattered across approximately all 
days of the period, although some days had no one who 
had responded. Although we addressed this limitation by 
conducting the LMM analyses, it may have affected the 
results of this study. Sixth, this study examined the asso-
ciation between the incidence rate and mortality rate of 
COVID-19 and depressive symptoms with time by skill-
fully creating and analyzing the time variable. Still, the 
causality cannot be clarified due to the cross-sectional 
study design, and caution should be needed in inter-
preting the results. It would be useful to conduct a lon-
gitudinal study to investigate the long-term association 
between the incidence rate and mortality rate and the 
mental health of healthcare workers during a pandemic in 
the future. Finally, the ICC for the PHQ-9 was low among 
all responses of the analyzed participants, which means 
only 7% of the total variance in depressive symptoms was 
explained at the country level. The multilevel analysis of 
country and individual was appropriate because country 
differences in the random effect were significant in each 
of the LMM models. Still, factors related to the individual 
may explain more about HCWs’ mental health during the 
COVID-19 pandemic than factors related to the country. 
However, it should be remembered that factors related to 
individuals also include social determinants of health.

Conclusions
This is the first study to show an association between 
depressive symptoms and the incidence and mortality 
rates of COVID-19 among multi-country HCWs dur-
ing the first 2 years of the pandemic. This study indicates 
that additional mental health care for HCWs was needed 
when the incidence and mortality rates of COVID-
19 were increasing during and after the early phase of 
the pandemic. In addition, the association of depres-
sive symptoms with the incidence and mortality rates of 
COVID-19 varied by the country and individual char-
acteristics of the participants. The study’s findings may 
apply to future pandemics.
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