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INTRODUCTION

Coronavirus disease-2019 (COVID-19), which is caused 
by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), has emerged as the most significant global health 
crisis since the influenza pandemic of 1918. As of December 
2021, it is estimated that 18.2 million people had died world-
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wide based on the weekly-or monthly-reported mortality 
data from 74 countries and territories and 266 subnational 
locations.1 However, the global number of death attributable 
to SARS-CoV-2 may continue to increase due to the rapidly 
growing number of infected patients from Delta and/or Omi-
cron variants, which exhibited increased infectivity than Al-
pha variant.2,3
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Perceived Stress and Depression

Accumulating evidence has shown that depression is com-
mon during the pandemic, in particular in individuals infect-
ed with COVID-19.4-6 Studies have also suggested that health-
care workers, such as physicians and nurses, are at a high risk 
of depression.7,8 A recent systematic umbrella review of the 
global evidence including 169,157 healthcare workers from 35 
countries showed that the prevalence of depression in health-
care workers ranged from 17.9% to 36% during the COV-
ID-19 pandemic.9 However, results from the included individ-
ual studies in this review have seldomly accounted for whether 
healthcare workers had received COVID-19 vaccines,10,11 which 
are proved to protect against hospitalization and decrease the 
risk of death from COVID-19, thereby reducing the psycho-
logical burden to some extent. 

Previous studies have extensively assessed the influencing 
factors on depression from COVID-19, such as sex, age, mar-
ital status, education levels, and family support, in healthcare 
workers.12-14 However, few of them have focused on the con-
tributing role of perceived stress, a psychological state that is 
occurred when the pressure exceeds the perceived ability of 
an individual to deal with,15,16 to depression in healthcare 
workers during the COVID-19 pandemic.17

Being correlated with perceived stress, compassion fatigue 
refers to a state of tension or a sense of dissatisfaction result-
ed from cumulative exposure to repeated interactions that 
require high levels of empathy with distressed people.18,19 Re-
cent studies have shown that compassion fatigue is common 
in healthcare workers during the COVID-19 pandemic, be-
cause of their frequent contacts with distressed patients who 
are in need of care and the unpleasant patient situations.20 
However, it remains unclear whether compassion fatigue plays 
any role in the association of perceived stress with depression 
symptoms in vaccinated healthcare workers during the COV-
ID-19 pandemic, given that compassion fatigue is associated 
with depression21 while improvements in compassion fatigue 
may help to ameliorate depression symptoms in healthcare 
professionals.22 

Unlike compassion fatigue, resilience reflects the capacity of 
an individual in coping with adversity, traumatic, and stressful 
events.23,24 A recent study observed a protective role of resil-
ience against anxiety in Italian healthcare workers during the 
COVID-19 pandemic.25 However, no studies have assessed 
whether resilience has any moderating effect for the associa-
tion between perceived stress and depression. 

Given these, and in order to assist in optimizing the man-
agement approaches for possible depression resulted from 
COVID-19, this study was primarily conducted to assess the 
association of perceived stress with depression, and secondari-
ly to evaluate the mediating role of compassion fatigue as well 
as the moderating role of resilience in vaccinated healthcare 

workers during the COVID-19 pandemic.

METHODS

Study design and participants
This cross-sectional study was conducted from 14 August 

to 14 September 2021, when SARS-CoV-2 Delta variant out-
broke in Nanjing that substantially affected the daily lives of 
the citizens (e.g., passengers planning to leave Nanjing by 
train had to present negative nucleic acid testing results taken 
within 48 hours) (https://www.chinadaily.com.cn/
a/202107/27/WS60ffb523a310efa1bd664bd0.html). Com-
pletely vaccinated healthcare workers against COVID-19, 
such as doctors, nurses, pharmacists, radiologists, and phys-
iotherapists, in Zhongda hospital, Southeast University, were 
consecutively invited to participate in this study via e-posters 
distributed by WeChat mobile application. The study protocol 
was approved by the Ethics Committee of Zhongda hospital, 
Southeast University (approval No. IRB 2021ZDSYLL196-
P01), and electronic informed consent was obtained from all 
participants. This study was reported according to the Strength-
ening the Reporting of Observational studies in Epidemiology 
guideline.

A web-based survey using a standard questionnaire de-
signed in Wenjuanxing was sent to all participants through 
the WeChat mobile application. Participants were invited to 
respond to the questionnaire by scanning the quick response 
code, which had to be completed within one week. All ques-
tionnaires were anonymous, and no personal identities were 
disclosed in this survey. In order to ensure the quality of this 
survey, we excluded participants who finished the question-
naire <3 or >60 min. We also excluded participants who had 
received anti-depression treatment.

Data collection
In this study we collected information on demographic 

variables, personal information, depressive symptoms, per-
ceived stress, compassion fatigue, and resilience. Demographic 
variables and personal information included sex (male and fe-
male), age, marital status (unmarried, married, and divorced/
widow), education level (bachelor and below, master and doc-
tor), occupation (doctors, nurses, and health-related adminis-
trators), contract employee, smoking, drinking, physical activ-
ity, and length of working years.

Depression was assessed using the Patient Health Ques-
tionnaire-9 (PHQ-9),26-28 which comprises 9 items with the 
total scores between 0 and 27. For the PHQ-9 score, 1 to 4 is 
considered as minimal depression, 5 to 9 as mild depression, 
10 to 14 as moderate depression, 15 to 19 as moderately se-
vere depression, and 20 to 27 as severe depression.27 In this 

https://www.chinadaily.com.cn/a/202107/27/WS60ffb523a310efa1bd664bd0.html
https://www.chinadaily.com.cn/a/202107/27/WS60ffb523a310efa1bd664bd0.html
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study we defined the PHQ-9 score ≥5 as mild-to-severe de-
pression for the primarily analysis, and ≥10 indicative of ma-
jor depression (moderate-to-severe depression) for the sec-
ondary analysis.27,28 The Cronbach’s alpha coefficient for PHQ-
9 was 0.91 in this study.

Perceived stress was evaluated using the Perceived Stress 
Scale-10 (PSS-10), a short form of PSS that is used to measure 
how stressful an individual perceives events in his/her daily 
life.29 PSS-10 contains 6 negative items used to assess the lack 
of control and negative affective reactions, and 4 positive items 
to reflect the ability to cope with existing stressors. Each item 
was rated on a 5-point scale from 0 (never) to 4 (always), with 
a high total score indicative of a high perceived stress level. The 
Cronbach’s alpha coefficient for PSS-10 was 0.83 in this study.

Compassion fatigue was assessed using the Chinese ver-
sion of the Professional Quality of Life Scale version-5 (PRO-
QOL-5).30,31 PROQOL-5 is consisted of 30 items based on a 
5-point Likert scale, and has 3 subscales including compas-
sion satisfaction, burnout, and secondary traumatic stress. For 
PROQOL-5, compassion fatigue referred to the subscales of 
burnout and secondary traumatic stress suggested by previous 
studies.32,33 In this study the Cronbach’s alpha coefficients for 
burnout and secondary traumatic stress were 0.80 and 0.84, 
respectively.

Resilience was assessed using the Resilience Scale-25 (RS-
25).34 RS-25 is comprised of 25 items and each item includes 
7-point scale responses ranging from 1 (not agree at all) to 
7 (fully agree). The answers were summed up together, with a 
high score representing a high resilience level. The Cronbach’s 
alpha coefficient for the RS-25 was 0.97 in this study.

Statistical analyses
Continuous variables are expressed as means±standard 

deviations (SDs) and categorical variables as numbers (per-
centages). Group differences based on the presence of mild-
to-severe depression were compared using the t-test or chi-
squared test. Logistic regression analyses were conducted to 
estimate the odds ratios (ORs) and 95% confidence intervals 
(CIs) for mild-to-severe depression in relation to perceived 
stress based on the following models: model 1, crude model; 
model 2, adjusted for age and sex; and model 3, further adjust-
ed for body mass index, education level, regular physical activ-
ity (yes or no), smoking (yes or no), contract employee (yes 
or no), daily working hours (8 hours above or not), compas-
sion fatigue, and resilience. A test for linear trend was con-
ducted with the use of tertiles of the PPS-10 scores as a con-
tinuous variable. 

Subgroup analyses of sex (male vs. female), overweight/
obesity (yes vs. no), regular physical activity (yes vs. no), con-
tract employee (yes vs. no), and resilience level (strong vs. 

weak) were performed, and possible interactions were tested by 
incorporating the perceived stress-by-subgroup in model 3. 
We also performed a supplemental analysis to assess the rela-
tionship of major depression (PHQ-9 score ≥10) with per-
ceived stress27 to show the robustness of our primary analy-
sis. Mediation analysis based on the generalized structural 
equation model was employed to evaluate the mediating ef-
fect of compassion fatigue in the relationship between per-
ceived stress and mild-to-severe depression. A p<0.05 (two-
tailed) was considered statistically significant. All analyses 
were performed using Stata 14.0 software (StataCorp LP, 
College Station, TX, USA).

RESULTS

Characteristics of enrolled participants
Of the 989 vaccinated healthcare workers surveyed, 71 were 

excluded due to the missing information on age or PHQ-9 
score, and 20 because of receiving anti-depression treatment, 
leaving 898 eligible for inclusion in the present study (Supple-
mentary Figure 1 in the online-only Data Supplement). The 
mean age of the included healthcare workers were 32.4±7.5 
years, with 84.7% being females. A total of 369 (41.1%) health-
care workers had mild-to-severe depression; and among them, 
135 (15.0%) had major depression. Healthcare workers with 
mild-to-severe depression were likely to have more daily 
working hours, less physical activity, a larger percentage of 
contract employees, higher levels of perceived stress and 
compassion fatigue, and lower levels of resilience, compared 
with those without (p<0.05) (Table 1).

The association between perceived stress and 
depression

The association between perceived stress and the odd of 
mild-to-severe depression is presented in Table 2. The odd 
of mild-to-severe depression was increased with increments 
in perceived stress (models 1–3, p<0.001). Compared with 
vaccinated healthcare workers with the lowest tertile of per-
ceived stress, those with the highest tertile had an OR of mild-
to-severe depression as 3.27 (95% CI 2.33 to 4.60) in model 1. 
However, the association was attenuated to be 2.20 (95% CI 
1.46 to 3.31) in model 3. Further analysis showed that the OR 
of mild-to-severe depression was 1.80 (95% CI 1.48 to 2.20) 
per 1-SD increment in PSS-10 scores model 3. Supplemental 
analysis for major depression showed a similar outcome, 
with the ORs ranging from 2.08 to 2.67 per 1-SD increment 
in PSS-10 scores in different adjustment models (Supple-
mentary Table 1 in the online-only Data Supplement).

Subgroup analyses showed that the association between 
perceived stress and mild-to-severe depression was not sig-
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nificantly affected by sex, body weight status, physical ac-
tivity, and the types of employment (pinteraction≥0.33) (Table 3). 
However, perceived stress was not related to an increased 
OR of mild-to-severe depression in healthcare workers 
with strong resilience, but was in those with weak resilience 
(pinteraction=0.004) (Table 3).

Mediating role of compassion fatigue
Mediation analysis on the role of compassion fatigue in the 

association of perceived stress with mild-to-severe depres-
sion is shown in Figure 1. Results showed that compassion 
fatigue significantly mediated the relationship between per-
ceived stress and mild-to-severe depression, with the mediat-
ing effect being 49.7%.

Table 1. Baseline characteristics of study participants

Characteristics Total participant (N=898) Depression (N=369) Non-depression (N=529) p
Age (yr) 32.4±7.5 32.1±6.5 32.7±8.1 0.15
Female 761 (84.7) 321 (87.0) 440 (83.2) 0.19
BMI (kg/m2) 22.0±3.1 21.9±2.9 22.1±3.1 0.15
Bachelor and below 743 (82.7) 312 (84.6) 431 (81.5) 0.23
Marital status 0.94

Single 271 (30.2) 111 (30.1) 160 (30.3)
Married 607 (67.6) 249 (67.5) 358 (67.7)
Separated or widow/er 20 (2.2)   9 (2.4) 11 (2.1)

Occupation 0.44
Physician 133 (14.8)   48 (13.0)   85 (16.1)
Nurse 664 (73.9) 278 (75.3) 386 (73.0)
Other healthcare workers 101 (11.2)   43 (11.7)   58 (11.0)

Length of service 0.54
≤5 yr 256 (28.5) 101 (27.4) 155 (29.3)
6–10 yr 324 (36.1) 141 (38.2) 183 (34.6)
>10 yr 318 (35.4) 127 (34.4) 191 (36.1)

Daily working hours (>8 hr) 401 (44.7) 185 (50.1) 216 (40.8) 0.01
Contract employee 628 (69.9) 272 (73.7) 356 (67.3) 0.04
Smoking 35 (3.9) 17 (4.6) 18 (3.4) 0.65
Physical activity 274 (30.5)   82 (22.2) 192 (36.3) <0.001
PHQ-9 scores   5.3±4.8 10.0±3.9 2.10±1.9 <0.001
PPS-10 scores 13.0±6.7 15.6±6.3 11.1±6.3 <0.001
Compassion fatigue 46.0±9.9 52.0±8.6 41.8±8.5 <0.001
Resilience 135.7±22.5 128.6±21.1 140.7±22.1 <0.001
Values are presented as mean±standard deviation or number (%). BMI, body mass index; PHQ-9, Patient Health Questionnaire-9; PPS-10, 
Perceived Stress Scale-10

Table 2. Perceived stress and the odd of mild-to-severe depression

Perceived stress
No. of cases/

total participants
Model 1* Model 2† Model 3‡

OR (95% CIs) OR (95% CIs) OR (95% CIs)
Low (tertile 1, <11) 103/318 1 (ref.) 1 (ref.) 1 (ref.)
Medium (tertile 2, 11 to 16) 103/313 1.02 (0.73 to 1.43) 1.02 (0.73 to 1.43) 1.32 (0.89 to 1.94)
High (tertile 3, >17) 163/267 3.27 (2.33 to 4.60) 3.36 (2.38 to 4.73) 2.20 (1.46 to 3.31)
p for trend <0.001 <0.001 <0.001
Per 1-SD increment 369/898 2.17 (1.84 to 2.56) 2.19 (1.86 to 2.59) 1.80 (1.48 to 2.20)
*model 1: unadjusted; †model 2: adjusted for age and sex; ‡model 3: adjusted for age, sex, body mass index, education level, regular physical 
activity (yes vs. no), smoking (yes vs. no), contract employee (yes vs. no), daily working hours (>8 hr vs. ≤ 8 hr), compassion fatigue, and re-
silience. OR, odds ratio; CIs, confidence intervals; SD, standard deviation
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DISCUSSION

Main findings
This survey is the first cross-sectional study that focused on 

the association of perceived stress with mild-to-severe depres-
sion among vaccinated healthcare workers during the COV-
ID-19 pandemic. In this study, we found that about 41% vac-
cinated healthcare workers had mild-to-severe depression. 
Higher perceived stress was associated with a lower odd of 
mild-to-severe depression, and this association might be mod-
erated by resilience. We also found that compassion fatigue 
may mediate the association of perceived stress with mild-to-
severe depression by approximately 50%. 

Interpretations and implications
Our study showed that the odd of mild-to-severe depres-

sion was increased by 80% per 1-SD increment in perceived 
stress among vaccinated healthcare workers after multivari-
able-adjustment during the SARS-CoV-2 Delta variant out-
break. This is in general consistent with the results from the 
study by Lee et al.,17 which showed that high perceived stress 
was associated with an increased PHQ-9 score in the Korean 
healthcare workers. However, that study did not account for 
the matter whether healthcare workers had received COV-
ID-19 vaccines. There are some explanations for the associa-
tion of perceived stress with depression. Prior studies showed 
that there was a significant genetic correlation between per-
ceived stress and depression, indicating that these two con-

0.368 (0.307 to 0.429)

0.081 (0.051 to 0.110)

0.219 (0.189 to 0.248)Indirect effect: 
0.080 (0.063–0.098) 
(Mediation: 49.7%)

Compassion fatigue

Perceived stress Depression

Figure 1. Mediation analysis for mild-to-severe depression associated with perceived stress and compassion fatigue.

Table 3. Subgroup analysis*

Subgroups
Model 1† Model 2‡ Model 3§

pinteraction
ǁ

OR (95% CIs) OR (95% CIs) OR (95% CIs)
Sex 0.58

Male 1.67 (1.13 to 2.48) 1.68 (1.13 to 2.51) 1.46 (0.86 to 2.49)
Female 2.29 (1.90 to 2.75) 2.31 (1.92 to 2.77) 1.88 (1.51 to 2.33)

BMI 0.94
≥24 kg/m2 2.10 (1.49 to 2.95) 2.25 (1.57 to 3.23) 1.98 (1.26 to 3.12)
<24 kg/m2 2.20 (1.82 to 2.66) 2.20 (1.82 to 2.66) 1.77 (1.41 to 2.21)

Physical activity 0.98
Regular 2.06 (1.48 to 2.86) 2.15 (1.53 to 3.02) 1.80 (1.18 to 2.73)
Irregular 2.20 (1.81 to 2.67) 2.20 (1.81 to 2.67) 1.89 (1.50 to 2.38)

Employments 0.33
Contract employee 2.22 (1.83 to 2.71) 2.21 (1.81 to 2.69) 1.94 (1.54 to 2.46)
Permanent staff 2.18 (1.58 to 3.02) 2.20 (1.59 to 3.04) 1.52 (1.03 to 2.23)

Resilience level <0.01
Strong 1.90 (1.47 to 2.46) 1.92 (1.48 to 2.50) 1.31 (0.97 to 1.77)
Weak 2.50 (1.98 to 3.13) 2.49 (1.98 to 3.13) 2.29 (1.74 to 3.00)

*all analysis was in relation to 1 standard deviation increment in perceived stress; †model 1: unadjusted; ‡model 2: adjusted for age and sex; 
§model 3: adjusted for age, sex, body mass index, education level, regular physical activity (yes vs. no), smoking (yes vs. no), contract employ-
ee (yes vs. no), daily working hours (>8 hr vs. ≤ 8 hr), compassion fatigue, and resilience; ǁtests of interaction were conducted for results from 
model 3. OR, odds ratio; CIs, confidence intervals; BMI, body mass index
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structs may share a common genetic basis.35,36 As a result, par-
ticipants who are vulnerable to high perceived stress might be 
also susceptible to an increased probability of depression. Fur-
thermore, perceived stress was associated with unfavorable 
functional and structural changes in the prefrontal cortex, 
which may cause depressive symptoms, leading to depression 
subsequently.37,38 

Of note, although being vaccinated against COVID-19, we 
found that 41% of the healthcare workers had mild-to-severe 
depression, which was comparable to other studies conduct-
ed in the general healthcare workers (i.e., 36.2% with mild-
to-severe depression) or the general population (i.e., 33.7% 
with depression),4,11 although their questionnaires used for 
assessing depression as well as the cut-off points for ascertain-
ing depression varied (e.g., the Depression, Anxiety and 
Stress Scale-21, Beck Depression Inventory-II). This indi-
cates that vaccine administration might be not able to suffi-
ciently reduce the onset of mental problems in healthcare 
workers, in particular compared with the general population, 
at least for depression, during the SARS-CoV-2 Delta variant 
outbreak.

Our study also showed that increments in perceived stress 
were not associated with an increased odd of mild-to-severe 
depression in vaccinated healthcare workers with strong re-
silience, but were in those with weak resilience. Given this 
and considering that resilience may strengthen the resistance 
to stress by allowing greater access to positive emotional re-
sources, it seems likely that improvements in resilience may 
help to offset the detrimental psychological effects from in-
creased perceived stress, at least partly.39 In addition, regular 
physical activity is considered effective in copying with per-
ceived stress and associated with lower risk of depression.40-42 
However, in our study, we did not find that regular physical 
activity has any significant moderating effect for the associa-
tion of perceived stress with mild-to-severe depression in vac-
cinated healthcare workers during the SARS-CoV-2 Delta 
variant outbreak. Moreover, neither sex nor body weight status 
affected this association, although there is evidence that de-
pression is more common in females or among participants 
with obesity than their counterparts.

Furthermore, our mediation analysis showed that the im-
pact of perceived stress on mild-to-severe depression could be 
partly mediated by compassion fatigue, with a mediating ef-
fect of about 50%. This is of significant clinical importance, 
since on the one hand it suggests that healthcare workers, who 
are prone to compassion fatigue when exposed to stressors 
from COVID-19, might have an increased odd of depression. 
On the other hand, it provides evidence in support of the no-
tion that reducing compassion fatigue might assist in mini-
mizing the negative impact from perceived stress on depres-

sion. Thus, programs designed to ease perceived stress and/
or reduce compassion fatigue (e.g., mindfulness-based in-
terventions22) are warranted to lower the occurrence of de-
pression during the COVID-19 pandemic.

Strengths and limitations
This study, which is to our knowledge, the first analysis fo-

cused on the association of perceived stress with depression 
in vaccinated healthcare workers during the SARS-CoV-2 
Delta variant outbreak, along with the exploration of mediat-
ing effect from compassion fatigue. However, our study has 
several limitations. First, the causal relationship between per-
ceived stress and depression cannot be determined due to the 
nature of cross-sectional design. Future prospective cohort 
studies are warranted to validate our findings. Moreover, re-
sidual confounding could not be excluded because of some 
unmeasured factors (e.g., dietary intake). Second, psychoso-
cial variables were mainly assessed using self-report question-
naires, which might be subject to recall and/or reporting bias. 
Third, the use of PHQ-9 score of ≥5 to define clinically mean-
ingful depression might be challenged, since PHQ-9 score of 
5–9 may largely represent depressive symptoms. However, 
our supplemental analysis, which employed the cut-off point 
of ≥10 to define depression, showed a comparable outcome 
that perceived stress was associated with depression among 
vaccinated healthcare workers. Nevertheless, we defined PHQ-
9 score of ≥5 as mild-to-severe depression for better trans-
parency in our study. Finally, participants in our study were 
recruited mainly from a single center, challenging their rep-
resentativeness potentially. 

Conclusions
In conclusion, two-fifths of the vaccinated healthcare work-

ers had mild-to-severe depression during the SARS-CoV-2 
Delta variant outbreak. Increments in perceived stress were 
related to elevated prevalence of mild-to-severe depression, 
but not in vaccinated healthcare workers with strong resil-
ience. Moreover, the association of perceived stress with prev-
alent depression was partly explained by compassion fatigue. 
These findings suggest that easing perceived stress, enhanc-
ing resilience, and/or reducing compassion fatigue may help 
to cope with depression in vaccinated healthcare workers dur-
ing the COVID-19 pandemic. 
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Supplementary Table 1. Perceived stress and the odd of major depression

Perceived stress
No. of cases/

total participants
Model 1* Model 2† Model 3‡

OR (95% CIs) OR (95% CIs) OR (95% CIs)
Low (tertile 1, <11)   29/318 1 (ref.) 1 (ref.) 1 (ref.)
Medium (tertile 2, 11 to 16)   27/313 0.94 (0.54 to 1.63) 0.95 (0.54 to 1.64) 1.24 (0.68 to 2.42)
High (tertile 3, >17)   79/267 4.19 (2.63 to 6.66) 4.52 (2.83 to 7.23) 3.10 (1.82 to 5.29)
p for trend <0.001 <0.001 <0.001
Per 1-SD increment 135/898 2.67 (2.12 to 3.35) 2.75 (2.17 to 3.47) 2.08 (1.61 to 2.68)
*model 1: unadjusted; †model 2: adjusted for age and sex; ‡model 3: adjusted for age, sex, body mass index, education level, regular physical 
activity (yes vs. no), smoking (yes vs. no), contract employee (yes vs. no), daily working hours (>8 hr vs. ≤8 hr), compassion fatigue, and resil-
ience. OR, odds ratio; CIs, confidence intervals; SD, standard deviation



Participants enrolled through Wechat (N=989)

Participants included in the study (N=898)

   Participants excluded (N=91)
      Missing data on age or PHQ-9 score (N=71)
      Receiving anti-depression treatment (N=20)

Supplementary Figure 1. Flow diagram for participants inclusion and exclusion. PHQ-9, Patient Health Questionnaire-9.


