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Abstract
Background The association of anxiety and depression with adverse reactions after receipt of coronavirus disease 
2019 (COVID-19) vaccine is not clear among the general population. This study aims to evaluate the effect of anxiety 
and depression on self-reported adverse reactions to COVID-19 vaccine.

Methods The cross-sectional study was conducted during April–July 2021. Participants completing the two doses 
of vaccine were included in this study. Sociodemographic information, anxiety and depression levels and adverse 
reactions after the first dose of vaccine for all participants were collected. The anxiety and depression levels were 
assessed by the Seven-item Generalized Anxiety Disorder Scale and the Nine-item Patient Health Questionnaire Scale, 
respectively. The multivariate logistic regression analysis was used to examine the association between anxiety and 
depression and adverse reactions.

Results A total of 2161 participants were enrolled in this study. The prevalence of anxiety and depression was 13% 
(95% confidence interval (CI), 11.3–14.2%) and 15% (95%CI, 13.6–16.7%), respectively. Of the 2161 participants, 1607 
(74%; 95% CI, 73–76%) reported at least one adverse reaction after the first dose of the vaccine. Pain at the injection 
site (55%) and fatigue and headache (53% and 18%, respectively) were the most commonly reported local and 
systemic adverse reactions, respectively. Participants with anxiety or depression or both were more likely to report 
local and systemic adverse reactions (P < 0.05).

Conclusion The results suggest that anxiety and depression increase the risk of self-reported adverse reactions to 
COVID-19 vaccine. Consequently, appropriate psychological interventions before vaccination will help to reduce or 
alleviate symptoms of vaccination.
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Introduction
Globally, the coronavirus disease 2019 (COVID-19) pan-
demic has caused more than 300 million infections and 
more than 5 million deaths as of January 2022 [1], with 
a serious impact on global health and economy. More-
over, the pandemic is still developing. Although wearing 
masks and maintaining social distancing can mitigate the 
spread of the virus, vaccination is the most effective mea-
sure to control epidemic development [2]. When popu-
lation immunity reaches 67%, COVID-19 infections are 
expected to decrease [3]. Currently, more than 100 can-
didate vaccines are in clinical trials and several vaccines 
in multiple countries have been approved [4]. Globally, 
more than 10  billion doses of COVID-19 vaccines have 
been administered [5] and 65.5% of the world population 
has received at least one dose of a COVID-19 vaccine 
[6], but many people remain unvaccinated. Among these 
people, the safety and effectiveness of vaccines can be an 
important factor affecting their vaccination [7–9], which 
does not help halt the transmission of the virus.

COVID-19 vaccine can effectively reduce the incidence 
of infections, serious adverse events and deaths caused 
by severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) [10]. The effectiveness of COVID-19 vac-
cination is generally between 50% and 95% according to 
the reported data from phase III clinical trials [11]. The 
main local and systemic adverse reactions of COVID-
19 vaccine are mild or moderate in severity [12, 13]. In 
published clinical trials of COVID-19 vaccines, the over-
all incidence of solicited adverse reactions after vaccina-
tion was 21–29% for inactivated vaccines (BBIBP-CorV 
and CoronaVac) [12, 14–16], and 64–81% for adenovirus 
vector vaccines (Ad5 vectored vaccine) in China [17–19]. 
Additionally, the incidence of solicited local adverse 
events was 84–89%, solicited systemic adverse events 
was 55–79% and serious adverse events was 0.6% after 
vaccination for the mRNA-1273 vaccine in the US [20]. 
A multinational clinical trial, including the United States, 
Argentina, Brazil, South Africa, Germany and Turkey, 
showed that the most commonly reported local adverse 
reactions was pain at the injection site (66–83%) and 
the most common local reported systemic adverse reac-
tions were fatigue (34–59%) and headache (25–52%) for 
mRNA vaccine (BNT162b2) [21]. A clinical trial in Aus-
tralia reported solicited adverse events of 90%, vaccine-
related unsolicited adverse events of 13% and unsolicited 
adverse events of 36% for MF59-adjuvanted spike glyco-
protein-clamp vaccine [22].

As the global pandemic of COVID-19, the psychologi-
cal burden of the population is increasing. Globally, the 
pandemic results in a 27·6% increase in cases of major 
depressive disorders and 25·6% increase in cases of anxi-
ety disorders [23]. A nationally representative US study 
(336,525 participants) indicated that adults in April and 

May 2020 were more than three times likely to suffer 
from depression, anxiety or both compared to the first 
half of 2019 [24]. A cross-sectional study of 7236 volun-
teers in China found that the prevalence of generalized 
anxiety disorder and depression was 35.1% and 20.1%, 
respectively [25]. During the COVID-19 pandemic, 
the fear of infecting with COVID-19 and the safety and 
effectiveness of SARS-CoV-2 vaccine, having not enough 
surgical masks and food supplies, lower socioeconomic 
status and social support were associated with poorer 
psychological status, and sufficient medical resources, 
up-to-date and accurate information were protective fac-
tors of mental health [26–29].

Psychological factors play an important role in the 
safety and effectiveness of vaccination, and the immune 
system’s response to vaccine can be impaired by poor 
psychological status [28, 30]. A randomized controlled 
trial among people aged 65–74 years showed that the 
populations with anxiety or depression were more likely 
to report systemic adverse reactions after an influenza 
vaccine [31]. Additionally, a cross-sectional study con-
ducted in people aged 65–85 years suggested that depres-
sion symptoms were positively associated with severe 
adverse reactions to COVID-19 vaccine [32]. A cohort 
study of 908,689 outpatient vaccination in Germany 
demonstrated that pre-existing anxiety and depression 
significantly elevated the risk of reported side effects of 
COVID-19 vaccine [33].

However, the association of anxiety and depression 
with adverse reactions after receipt of COVID-19 vac-
cine is not clear among the general population in China. 
Therefore, we aimed to assess the effect of anxiety and 
depression on self-reported adverse reactions to COVID-
19 vaccine among the general population based on a 
cross-sectional study in Shanghai, China. We hypothe-
sized that anxiety and depression can increase the risk of 
self-reported adverse reactions in the general population.

Methods
Study designs and participants
This study was carried out during April–July 2021 in 
Tongji university and Sanlin and Huamu communities. 
After obtaining participants’ informed consent, partici-
pants completing the two doses of COVID-19 vaccine 
were recruited in this study. Sociodemographic informa-
tion including sex, age, residential address, working con-
dition and marital status, anxiety and depression levels 
and adverse reactions after the first dose of vaccine for all 
participants were collected. All data were collected using 
Wenjuanxing, an online tool for questionnaire surveys 
(https://www.wjx.cn/).

https://www.wjx.cn/


Page 3 of 9Zhou et al. BMC Public Health          (2023) 23:425 

Instruments
The Chinese version of Seven-item Generalized Anxiety 
Disorder Scale (C-GAD-7) was utilized to assess the anx-
iety levels of participants [34]. Studies showed that the 
scale had good reliability and validity [35, 36]. The Cron-
bach’s α was 0.931 for the C-GAD-7 in this study. Each 
item scored from 0 to 3 (0 = not at all; 1 = several days; 
2 = more than half the days; and 3 = nearly every day), 
making up total scores with range 0–21: 0–4, normal; 
5–9, mild; 10–13, moderate; 14–18, moderately severe; 
and 19–21, severe [34].

Furthermore, the Chinese version of Nine-item Patient 
Health Questionnaire Scale (C-PHQ-9) was used to 
assess the depression levels of participants [37]. Good 
reliability and validity for the scale were determined in 
previous studies [38, 39]. The Cronbach’s α was 0.923 of 
the C-PHQ-9 in this study. Each item scored from 0 to 3 
(0 = not at all; 1 = several days; 2 = more than half the days; 
and 3 = nearly every day), resulting in total scores with a 
range 0–27. The cut-off of total scores were 0–4 for nor-
mal, 5–9 for mild, 10–14 for moderate, 15–19 for moder-
ately severe and 20–27 for severe [40].

Safety of vaccine
Adverse reactions were termed and graded according to 
the China State Food and Drug Administration (https://
www.nmpa.gov.cn/) (Table S1). In this study, local 
adverse reactions included pain, redness, swelling and 
itching at the injection site, and systemic adverse reac-
tions included fever, fatigue, headache, cough, diarrhea, 
nausea and vomiting.

Sample size estimation
Reported incidence of adverse reactions of inactivated 
SARS-CoV-2 vaccine was 29% [12], taking this data as 
our reference and considering 20% loss to follow-up rate, 
this study needed 1881 participants.

Statistical analyses
Categorical variables were presented as frequency and 
percentage, and the differences between groups were 
analyzed using χ² test or Fisher’s exact test [41]. The inci-
dence of adverse reactions to vaccine and prevalence 
of anxiety and depression were calculated as percent-
ages and Clopper–Pearson 95% confidence interval (CI) 
[21]. The relationships of anxiety and depression with 
adverse reactions were estimated by multivariate logis-
tic regression analysis. SPSS 29.0 (SPSS Inc., Chicago, 
IL, USA) and R 4.2.2 were used for all statistical analy-
ses. Two-sided P-value < 0.05 was considered statistically 
significant.

Results
Participant characteristics
A total of 2161 participants completing two doses of 
COVID-19 vaccine during April–July 2021 were included 
in this study. Of these, 53% were females, 63% were 
aged < 18–25 years, 57% had undergraduate educational 
level, 91% lived in urban areas, 67% were not working and 
79% were unmarried (Table 1).

Anxiety and depression in the participants
The prevalence of anxiety and depression was 13% (95% 
CI, 11.3–14.2%) and 15% (95% CI, 13.6–16.7%), respec-
tively, of which mild anxiety and depression were the 
most common (Figure S1A). Moreover, 207 (10%) partici-
pants had both anxiety and depression (Figure S1B).

Adverse reactions in participants
A total of 1607 (74%; 95% CI, 73–76%) participants 
reported at least one adverse reaction after the first dose 

Table 1 Demographic characteristics of participants
Variables Overall adverse reactions P-value

No (n = 554) Yes (n = 1607)
Sex (%) < 0.001

Male 343 (61.9) 669 (41.6)

Female 211 (38.1) 938 (58.4)

Age (%)

< 18–25 343 (61.9) 1037 (64.5) < 0.001

26–40 133 (24.0) 435 (27.1)

> 40 78 (14.1) 135 (8.4)

Educational level (%) < 0.001

High school and below 68 (12.3) 82 (5.1)

Undergraduate 315 (56.9) 914 (56.9)

Master and above 171 (30.9) 611 (38.0)

Residential address (%) 0.263

Urban 497 (89.7) 1473 (91.7)

Suburb 24 (4.3) 65 (4.0)

Countryside 33 (6.0) 69 (4.3)

Working condition (%) 0.011

Working 182 (32.9) 481 (29.9)

No working 353 (63.7) 1100 (68.5)

Retired 19 (3.4) 26 (1.6)

Marital status (%) 0.023

Unmarried 415 (74.9) 1281 (79.7)

Married 130 (23.5) 314 (19.5)

Divorced/widowed 9 (1.6) 12 (0.7)

Anxiety (%) < 0.001

Normal 527 (95.1) 1359 (84.6)

Mild 19 (3.4) 197 (12.3)

Moderate and above 8 (1.4) 51 (3.2)

Depression (%) < 0.001

Normal 520 (93.9) 1315 (81.8)

Mild 25 (4.5) 222 (13.8)

Moderate and above 9 (1.6) 70 (4.4)
Percentages may not be equal to 100 due to rounding.

https://www.nmpa.gov.cn/
https://www.nmpa.gov.cn/
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of vaccination.  All adverse reactions reported by partici-
pants were mild or moderate in severity. The most com-
monly reported local adverse reaction was pain at the 
injection site (55%). Fatigue and headache were the most 
commonly reported systemic adverse reactions (53% 
and 18%, respectively) (Figure S2A and B). A total of 899 
(41%) participants reported both local and systemic 
adverse reactions (Figure S2C). 

Association of anxiety and depression with adverse 
reactions
Sex, age, educational level, working condition and mari-
tal status were integrated into the multivariate logis-
tic regression model. The results suggested that mild 
and moderate and above anxiety (mild: adjusted odds 
ratio (AOR), 3.47; 95%CI, 2.13–5.65; P < 0.001; moder-
ate and above: AOR, 2.61; 95%CI, 1.21–5.62; P < 0.05) 
and depression (mild: AOR, 3.09; 95%CI, 2.01–4.77; 
P < 0.001; moderate and above: AOR, 2.95; 95%CI, 1.45–
6.04; P < 0.01) increased the risk of overall self-reported 
adverse reactions, compared with without anxiety or 
depression (Table S2). Furthermore, anxiety (AOR, 
3.80; 95%CI, 1.62–8.92; P < 0.01) or depression (AOR, 
2.97; 95%CI, 1.64–5.39; P < 0.001) or both (AOR, 3.29; 
95%CI, 2.06–5.26; P < 0.001) had increased risks of over-
all adverse reactions compared with neither anxiety nor 
depression (Table S3).Compared with those without 
anxiety or depression, participants with mild and mod-
erate and above anxiety (mild: Pain: AOR, 1.71; 95%CI, 
1.25–2.34; P < 0.01; Redness: AOR, 1.95; 95%CI, 1.36–
2.79; P < 0.001; Swelling: AOR, 1.98; 95%CI, 1.40–2.79; 
P < 0.001; Itching: AOR, 1.94; 95%CI, 1.35–2.79; P < 0.001; 
moderate and above: Pain: AOR, 1.82; 95%CI, 1.03–3.21; 
P < 0.05; Redness: AOR, 2.29 ; 95%CI, 1.23–4.28; P < 0.01; 
Swelling: AOR, 2.19; 95%CI, 1.18–4.08; P < 0.05; Itching: 

AOR, 2.55; 95%CI, 1.40–4.64; P < 0.01) and depression 
(mild: Pain: AOR, 2.29; 95%CI, 1.69–3.12; P < 0.001; 
Redness: AOR, 2.26; 95%CI, 1.61–3.16; P < 0.001; Swell-
ing: AOR, 1.83; 95%CI, 1.30–2.57; P < 0.001; Itching: 
AOR, 1.85; 95%CI, 1.30–2.62; P < 0.01; moderate and 
above: Pain: AOR, 1.58; 95%CI, 0.97–2.57; P > 0.05; Red-
ness: AOR, 2.95; 95%CI, 1.74–4.99; P < 0.001; Swelling: 
AOR, 3.59; 95%CI, 2.18–5.90; P < 0.001; Itching: AOR, 
3.30 ; 95%CI, 1.98–5.50; P < 0.001) were more likely to 
report local adverse reactions (Table 2). Besides, partici-
pants with mild and moderate and above anxiety (mild: 
Fever: AOR, 2.65; 95%CI, 1.61–4.35; P < 0.001; Fatigue: 
AOR, 3.39; 95%CI, 2.40–4.78; P < 0.001; Headache: AOR, 
2.58; 95%CI, 1.89–3.52; P < 0.001; Cough: AOR, 3.08; 
95%CI, 2.01–4.73; P < 0.001; Diarrhea: AOR, 2.41; 95%CI, 
1.40–4.17; P < 0.01; Nausea: AOR, 1.90; 95%CI, 1.15–
3.14; P < 0.05; Vomiting: AOR, 2.39; 95%CI, 1.15–4.94; 
P < 0.05; moderate and above: (Fever: AOR, 2.67; 95%CI, 
1.10–6.47; P < 0.05; Fatigue: AOR, 1.81; 95%CI, 1.05–
3.14; P < 0.05; Headache: AOR, 2.88; 95%CI, 1.64–5.05; 
P < 0.001; Cough: AOR, 1.72; 95%CI, 0.67–4.42; P > 0.05; 
Diarrhea: AOR, 2.74; 95%CI, 1.05–7.16; P < 0.05; Nausea: 
AOR, 4.24; 95%CI, 2.05–8.77; P < 0.001; Vomiting: AOR, 
4.34; 95%CI, 1.47–12.86; P < 0.01) and depression (mild: 
Fever: AOR, 3.00; 95%CI, 1.87–4.83; P < 0.001; Fatigue: 
AOR, 2.61; 95%CI, 1.92–3.53; P < 0.001; Headache: AOR, 
3.40; 95%CI, 2.54–4.55; P < 0.001; Cough: AOR, 2.44; 
95%CI, 1.57–3.79; P < 0.001; Diarrhea: AOR, 2.07; 95%CI, 
1.18–3.64; P < 0.05; Nausea: AOR, 3.35; 95%CI, 2.17–
5.17; P < 0.001; Vomiting: AOR, 4.06; 95%CI, 2.11–7.83; 
P < 0.001; moderate and above: Fever: AOR, 4.30; 95%CI, 
2.15–8.60; P < 0.001; Fatigue: AOR, 2.30; 95%CI, 1.39–
3.79; P < 0.01; Headache: AOR, 2.66; 95%CI, 1.62–4.38; 
P < 0.001; Cough: AOR, 3.37; 95%CI, 1.75–6.51; P < 0.001; 
Diarrhea: AOR, 3.84; 95%CI, 1.81–8.16; P < 0.01; Nau-
sea: AOR, 3.66; 95%CI, 1.83–7.30; P < 0.001; Vomiting: 
AOR, 6.09; 95%CI, 2.38–15.60; P < 0.001) were also more 
likely to report systemic adverse reactions compared 
with those without anxiety or depression (Table 3). Note-
worthily, compared with those with neither anxiety nor 
depression, participants with both anxiety and depres-
sion were more subject to local (Pain: AOR, 1.88; 95%CI, 
1.37–2.58; P < 0.001; Redness: AOR, 2.66 ; 95%CI, 1.88–
3.78; P < 0.001; Swelling: AOR, 2.40; 95%CI, 1.69–3.40; 
P < 0.001; Itching: AOR, 2.52; 95%CI, 1.77–3.58; P < 0.001) 
and systemic (Fever: AOR, 3.85; 95%CI, 2.40–6.19; 
P < 0.001; Fatigue: AOR, 3.18; 95%CI, 2.27–4.47; P < 0.001; 
Headache: AOR, 3.35; 95%CI, 2.44–4.60; P < 0.001; 
Cough: AOR, 3.60; 95%CI, 2.35–5.51; P < 0.001; Diarrhea: 
AOR, 3.04; 95%CI, 1.78–5.20; P < 0.001; Nausea: AOR, 
3.43; 95%CI, 2.16–5.45; P < 0.001; Vomiting: AOR, 4.52; 
95%CI, 2.31–8.86; P < 0.001) adverse reactions (Figs.  1 
and 2).

Table 2 Association between the levels of anxiety and 
depression and self-reported local adverse reactions

Local adverse reactions [AOR (95%CI)]
Pain Redness Swelling Itching

Anxiety

Mild 1.711 (1.251–
2.338) **

1.950 (1.362–
2.793) ***

1.976 
(1.397–
2.793) ***

1.941 
(1.351–
2.788) ***

Moderate 
and above

1.822 (1.034–
3.213) *

2.294 (1.230–
4.278) **

2.191 
(1.177–
4.080) *

2.548 
(1.400–
4.640) **

Depression

Mild 2.293 (1.686–
3.120) ***

2.255 (1.610–
3.158) ***

1.830 
(1.303–
2.568) ***

1.849 
(1.304–
2.622) **

Moderate 
and above

1.579 
(0.971–2.569)

2.946 (1.738–
4.991) ***

3.585 
(2.181–
5.895) ***

3.302 
(1.984–
5.497) ***

* P < 0.05; ** P < 0.01; *** P < 0.001. Reference group: without anxiety or 
depression. AOR, adjusted odds ratio; CI, confidence interval.
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Discussion
Individuals’ hesitancy to receive COVID-19 vaccine is 
mainly attributed to vaccine safety [42, 43]. Therefore, 
identifying factors amplifying adverse reactions of the 
vaccine is a concern. It will be helpful to promote vacci-
nation, achieve herd immunity and stop the spread of the 
COVID-19 pandemic. During the COVID-19 pandemic, 
anxiety and depression are more prevalent [44, 45]. Con-
sidering this situation, we explored the effect of anxiety 
and depression on safety of COVID-19 vaccine recipi-
ents. The results mainly found that anxiety and depres-
sion significantly increased the risk of self-reported local 
and systemic adverse reactions (P < 0.05). Moreover, par-
ticipants with moderate and above anxiety or depression 
and with both anxiety and depression were more likely to 
report local and systemic adverse reactions (P < 0.05).

In our study, the prevalence of anxiety and depression 
was 13% and 15%, respectively. These results are gener-
ally lower than in prior studies: a meta-analysis showed 
that the prevalence of depression and anxiety was 26.9% 
and 21.8%, respectively, during the COVID-19 epidemic 
in China [46]; a study from 63 countries found that 59% 
of participants reported anxiety symptoms and 39% 
reported depressive symptoms [47]; and another study 
reported that 50.3% and 41.3% of participants from an 
urban, low-income public university were identified 
with depression and anxiety, respectively.20 After the 

Table 3 Association between the levels of anxiety and 
depression and self-reported systemic adverse reactions
Systemic ad-
verse reactions
[AOR (95%CI)]

Anxiety Depression
Mild Moderate 

and above
Mild Moder-

ate and 
above

Fever 2.648 
(1.613–
4.348) ***

2.669 
(1.102–
6.466) *

3.002 
(1.866–
4.831) ***

4.297 
(2.147–
8.597) ***

Fatigue 3.391 
(2.403–
4.784) ***

1.813 
(1.048–
3.139) *

2.606 
(1.924–
3.531) ***

2.295 
(1.390–
3.788) **

Headache 2.577 
(1.886–
3.522) ***

2.878 
(1.641–
5.047) ***

3.397 
(2.536–
4.550) ***

2.660 
(1.615–
4.381) ***

Cough 3.083 
(2.011–
4.725) ***

1.720 
(0.669–
4.423)

2.442 
(1.572–
3.792) ***

3.373 
(1.747–
6.513) ***

Diarrhea 2.412 
(1.395–
4.170) **

2.744 
(1.052–
7.159) *

2.074 
(1.183–
3.636) *

3.843 
(1.810–
8.157) **

Nausea 1.899 
(1.148–
3.140)*

4.236 
(2.046–
8.769) ***

3.345 
(2.165–
5.168) ***

3.658 
(1.833–
7.303) ***

Vomiting 2.387 
(1.153–
4.941) *

4.342 
(1.467–
12.858)**

4.059 
(2.105–
7.825) ***

6.089 
(2.376–
15.604) ***

* P < 0.05; ** P < 0.01; *** P < 0.001. Reference group: without anxiety or 
depression. AOR, adjusted odds ratio; CI, confidence interval.

Fig. 1 Association between anxiety, depression and self-reported local adverse reactions
Reference group: neither anxiety nor depression. AOR, adjusted odds ratio; CI, confidence interval.
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COVID-19 outbreak, the National Health Commission of 
China immediately releases the guidelines for emergency 
psychological crisis intervention for the COVID-19 pan-
demic for different populations [48]. 24-hour mental hot-
lines are quickly established across China to provide the 
public and healthcare workers with psychological coun-
seling. Moreover, the mental health handbook and social 
media (e.g., Weibo, WeChat, etc.) are utilized to share 
strategies and guidelines dealing with psychological dis-
tress [48]. Therefore, lower anxiety and depression rates 
are inseparable from rapid national guidelines for emer-
gency psychological crisis intervention, as well as timely, 

comprehensive and precise prevention and control mea-
sures of Shanghai’s government [49].

The results showed that 74% of participants reported 
at least one adverse reaction and all adverse reactions 
were mild or moderate in severity. The most commonly 
reported local adverse reaction was pain at the injec-
tion site and systemic adverse reactions were fatigue 
and headache. Previous multiple clinical randomized 
controlled trials of vaccines reported that most adverse 
reactions were mild or moderate, with the most common 
local adverse reaction being pain at the injection site, 
and the most common systemic adverse reactions being 

Fig. 2 Association between anxiety, depression and self-reported systemic adverse reactions
Reference group: neither anxiety nor depression. AOR, adjusted odds ratio; CI, confidence interval.
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fatigue, headache and fever (vaccines included adenovi-
rus vector vaccine, mRNA vaccine, protein subunit vac-
cine and inactivated virus vaccine) [12, 15–17, 21, 22, 
50, 51]. All participants in our study received inactivated 
COVID-19 vaccine, but the incidence of reported adverse 
reactions was higher than other published clinical trials 
of inactivated COVID-19 vaccines (Xia et al., 29%; Zhang 
et al., 26%; Wu et al., 21%; Han et al., 27%; Ella et al., 21%) 
[12, 14–16, 52]. Younger people may be more likely to 
report adverse reactions than older people [15, 16, 18, 
21, 53]. A cohort study among19 586 adults receiving a 
COVID-19 vaccination indicated that younger age had an 
increased risk of adverse reactions [54]. 90% of partici-
pants were aged 18–40 years and 63% were 18–25 years 
in our study, and this may be related to the relatively high 
incidence of self-reported adverse reactions in the pres-
ent study.

Our study suggested that participants with anxiety or 
depression or both were more likely to report local and 
systemic adverse reactions compared with those without 
anxiety or depression, consistent with previous findings. 
A study also reported that COVID-19 vaccine associated 
anxiety increased reported adverse reactions to vaccina-
tion in patients with chronic liver disease [55]. Similarly, 
a Japanese study suggested that psychological distress 
was positively associated with adverse reactions after 
COVID-19 vaccination [56]. Vaccine enters the body and 
immediately activate the immune system, and inflam-
matory cytokines are released from macrophages due to 
early innate immune response [28]. Anxiety or depres-
sion causes an increased level of Interleukin-6 in serum 
[57, 58], which can enhance the immune response to vac-
cine and induce adverse reactions [59, 60].

There are some implications in our study. Alleviating 
people’s anxiety or depression related to COVID-19 or 
SARS-CoV-2 vaccine can help reduce or mitigate adverse 
reactions, in turn, that can facilitate smoother vaccina-
tion processes. Therefore, it is necessary to provide up-
to-date and accurate information about COVID-19 and 
SARS-CoV-2 vaccine to improve the confidence of the 
public to SARS-CoV-2 vaccine [27]. Besides, providing 
services in assessing psychological status and targeted 
psychological interventions is crucial. Psychological 
interventions, including meditation/mindfulness, mas-
sage, expressive writing and cognitive behavioral stress 
management, can be effective vaccine adjuvants to boost 
vaccine effectiveness [30]. In addition, a short bout of 
pre-vaccination exercise can decrease reports of local and 
systemic adverse reactions [61]. Further work in prospec-
tive studies of psychological interventions is needed to 
find effective psychological intervention measures to mit-
igate anxiety and depression in the general population.

To our knowledge, this is the first cross-sectional 
study to evaluate the effect of anxiety and depression on 

adverse reactions to COVID-19 vaccination among the 
general population in China, but it still has some limita-
tions. Firstly, data are collected based on self-reports of 
participants, thus, recall bias is unavoidable. Secondly, 
participants are only from Shanghai and all receive inac-
tivated COVID-19 vaccine, so the results lack gener-
alizability for other vaccines and regional populations. 
Thirdly, we only collect demographic data including age, 
sex, educational level, residential address, working con-
dition and marital status, the interpretation for the find-
ings may be influenced by other confounding factors. 
Eventually, the cross-sectional study is difficult to pro-
vide causal evidence of anxiety, depression and adverse 
reactions. Therefore, the findings should be interpreted 
with caution and more prospective studies with large 
samples need to be carried out to investigate their causal 
relationship.

Conclusion
Anxiety and depression increased the risk of self-
reported local and systemic adverse reactions to COVID-
19 vaccine. Thus, assessing psychological status and 
appropriate psychological interventions before vaccina-
tion will help reduce or alleviate adverse reactions asso-
ciated with vaccination. Furtherly, more prospective 
studies with large samples assessing the causal associa-
tion between anxiety, depression and adverse reactions of 
COVID-19 vaccine are warranted.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12889-023-15118-8.

Supplementary Material 1

Acknowledgements
Not applicable.

Authors’ contributions
Conceptualization: ZTZ, JWS, MMZ, JL and XDZ; Methodology: ZTZ, MMZ and 
XYZ; Data curation: ZTZ, JWS, XYZ and TW; Formal Analysis: ZTZ; Validation: 
ZTZ and TW; Writing – Original Draft: ZTZ; Writing – Review & Editing: ZTZ, 
JWS, MMZ, JLand XDZ; Funding Acquisition: XDZ, JL and MMZ. All authors 
reviewed and approved the final manuscript.

Funding
This work was supported by Outstanding Clinical Discipline Project of 
Shanghai Pudong (Grant No. PWYgy2021-02) to Xudong Zhao; Shanghai 
Committee of Science and Technology, China (Grant No. 22ZR1463700), 
Shanghai Municipal Science and Technology Major Project (Grant No. 
2021SHZDZX0100), and Fundamental Research Funds for the Central 
Universities to Jue Li; National Natural Science Foundation of China (Grant 
No. 82003540), Three-Year Action Program of Shanghai Municipality for 
Strengthening the Construction of Public Health System (Grant No. GWV-
10.2-YQ39), and Special Project for Clinical Research in Health Industry of 
Shanghai Municipal Health Commission (Grant No. 20194Y0116) to Miaomiao 
Zhao.

http://dx.doi.org/10.1186/s12889-023-15118-8
http://dx.doi.org/10.1186/s12889-023-15118-8


Page 8 of 9Zhou et al. BMC Public Health          (2023) 23:425 

Availability of data and materials
The data of this study is available from the corresponding author on 
reasonable request.

Declarations

Consent for publication
Not applicable.

Competing interests
All other authors declare that they have no conflicts of interest.

Ethics approval and consent to participate
This study was performed according to the Declaration of Helsinki and 
approved by medical ethical review committee of Tongji University. Written 
informed consent was obtained from all participants.

Received: 13 July 2022 / Accepted: 23 January 2023

References
1. Kim SY, Yeniova A. Global, regional, and national incidence and mortality of 

COVID-19 in 237 countries and territories, January 2022: a systematic analysis 
for World Health Organization COVID-19 dashboard. Life Cycle. 2022. https://
doi.org/10.54724/lc.2022.e10. 2e10.

2. Wouters OJ, Shadlen KC, Salcher-Konrad M, Pollard AJ, Larson HJ, Teer-
awattananon Y, et al. Challenges in ensuring global access to COVID-19 
vaccines: production, affordability, allocation, and deployment. Lancet. 
2021;397(10278):1023–34.

3. Fontanet A, Cauchemez S. COVID-19 herd immunity: where are we? Nat Rev 
Immunol. 2020;20(10):583–4.

4. Szabó GT, Mahiny AJ, Vlatkovic I. COVID-19 mRNA vaccines: platforms 
and current developments. Mol therapy: J Am Soc Gene Therapy. 
2022;30(5):1850–68.

5. Kim SY, Ahmad S. Global, regional, and national disruptions to COVID-19 
vaccine coverage in 237 countries and territories, March 2022: a systematic 
analysis for World Health Organization COVID-19 dashboard, release 1. Life 
Cycle. 2022;2e14. https://doi.org/10.54724/lc.2022.e14.

6. Mathieu E, Ritchie H, Ortiz-Ospina E, Roser M, Hasell J, Appel C, et al. A global 
database of COVID-19 vaccinations. Nat Hum Behav. 2021;5(7):947–53.

7. Solís Arce JS, Warren SS, Meriggi NF, Scacco A, McMurry N, Voors M, et al. 
COVID-19 vaccine acceptance and hesitancy in low- and middle-income 
countries. Nat Med. 2021;27(8):1385–94.

8. Bono SA, Faria de Moura Villela E, Siau CS, Chen WS, Pengpid S, Hasan MT, et 
al. Factors affecting COVID-19 Vaccine Acceptance: An International Survey 
among low- and Middle-Income Countries. Vaccines. 2021;9(5):515.

9. Patwary MM, Bardhan M, Haque MZ, Sultana R, Alam MA, Browning M. 
COVID-19 Vaccine Acceptance Rate and its factors among Healthcare stu-
dents: a systematic review with Meta-analysis. Vaccines. 2022;10(5):806.

10. Liu Q, Qin C, Liu M, Liu J. Effectiveness and safety of SARS-CoV-2 vaccine in 
real-world studies: a systematic review and meta-analysis. Infect Dis poverty. 
2021;10(1):132.

11. Tregoning JS, Flight KE, Higham SL, Wang Z, Pierce BF. Progress of the COVID-
19 vaccine effort: viruses, vaccines and variants versus efficacy, effectiveness 
and escape. Nat Rev Immunol. 2021;21(10):626–36.

12. Xia S, Zhang Y, Wang Y, Wang H, Yang Y, Gao GF, et al. Safety and immuno-
genicity of an inactivated SARS-CoV-2 vaccine, BBIBP-CorV: a randomised, 
double-blind, placebo-controlled, phase 1/2 trial. Lancet Infect Dis. 
2021;21(1):39–51.

13. Thomas SJ, Moreira ED Jr, Kitchin N, Absalon J, Gurtman A, Lockhart S, et 
al. Safety and Efficacy of the BNT162b2 mRNA Covid-19 vaccine through 6 
months. N Engl J Med. 2021;385(19):1761–73.

14. Han B, Song Y, Li C, Yang W, Ma Q, Jiang Z, et al. Safety, tolerability, and immu-
nogenicity of an inactivated SARS-CoV-2 vaccine (CoronaVac) in healthy 
children and adolescents: a double-blind, randomised, controlled, phase 1/2 
clinical trial. Lancet Infect Dis. 2021;21(12):1645–53.

15. Zhang Y, Zeng G, Pan H, Li C, Hu Y, Chu K, et al. Safety, tolerability, and 
immunogenicity of an inactivated SARS-CoV-2 vaccine in healthy adults aged 

18–59 years: a randomised, double-blind, placebo-controlled, phase 1/2 clini-
cal trial. Lancet Infect Dis. 2021;21(2):181–92.

16. Wu Z, Hu Y, Xu M, Chen Z, Yang W, Jiang Z, et al. Safety, tolerability, and immu-
nogenicity of an inactivated SARS-CoV-2 vaccine (CoronaVac) in healthy 
adults aged 60 years and older: a randomised, double-blind, placebo-con-
trolled, phase 1/2 clinical trial. Lancet Infect Dis. 2021;21(6):803–12.

17. Zhu FC, Guan XH, Li YH, Huang JY, Jiang T, Hou LH, et al. Immunogenicity and 
safety of a recombinant adenovirus type-5-vectored COVID-19 vaccine in 
healthy adults aged 18 years or older: a randomised, double-blind, placebo-
controlled, phase 2 trial. Lancet (London England). 2020;396(10249):479–88.

18. Zhu F, Jin P, Zhu T, Wang W, Ye H, Pan H, et al. Safety and immunogenicity of a 
recombinant adenovirus type-5-vectored COVID-19 vaccine with a homolo-
gous prime-boost regimen in healthy participants aged 6 years and above: 
a randomised, double-blind, placebo-controlled, phase 2b trial. Clin Infect 
diseases: official publication Infect Dis Soc Am. 2021;75(1):e783–91.

19. Zhu FC, Li YH, Guan XH, Hou LH, Wang WJ, Li JX, et al. Safety, tolerability, and 
immunogenicity of a recombinant adenovirus type-5 vectored COVID-19 
vaccine: a dose-escalation, open-label, non-randomised, first-in-human trial. 
Lancet. 2020;395(10240):1845–54.

20. Baden LR, El Sahly HM, Essink B, Kotloff K, Frey S, Novak R, et al. Effi-
cacy and safety of the mRNA-1273 SARS-CoV-2 vaccine. N Engl J Med. 
2021;384(5):403–16.

21. Polack FP, Thomas SJ, Kitchin N, Absalon J, Gurtman A, Lockhart S, et al. 
Safety and Efficacy of the BNT162b2 mRNA Covid-19 vaccine. N Engl J Med. 
2020;383(27):2603–15.

22. Chappell KJ, Mordant FL, Li Z, Wijesundara DK, Ellenberg P, Lackenby JA, et 
al. Safety and immunogenicity of an MF59-adjuvanted spike glycoprotein-
clamp vaccine for SARS-CoV-2: a randomised, double-blind, placebo-con-
trolled, phase 1 trial. Lancet Infect Dis. 2021;21(10):1383–94.

23. Daly M, Robinson E. Depression and anxiety during COVID-19. Lancet (Lon-
don England). 2022;399(10324):518.

24. Twenge JM, Joiner TE. U.S. Census Bureau-assessed prevalence of anxiety 
and depressive symptoms in 2019 and during the 2020 COVID-19 pandemic. 
Depress Anxiety. 2020;37(10):954–6.

25. Huang Y, Zhao N. Generalized anxiety disorder, depressive symptoms and 
sleep quality during COVID-19 outbreak in China: a web-based cross-sec-
tional survey. Psychiatry Res. 2020;288:112954.

26. Rudenstine S, McNeal K, Schulder T, Ettman CK, Hernandez M, Gvozdieva K, 
et al. Depression and anxiety during the COVID-19 pandemic in an Urban, 
Low-Income Public University Sample. J Trauma Stress. 2021;34(1):12–22.

27. Luo M, Guo L, Yu M, Jiang W, Wang H. The psychological and mental impact 
of coronavirus disease 2019 (COVID-19) on medical staff and general public - 
A systematic review and meta-analysis. Psychiatry Res. 2020;291:113190.

28. Madison AA, Shrout MR, Renna ME, Kiecolt-Glaser JK. Psychological and 
behavioral predictors of Vaccine Efficacy: considerations for COVID-
19. Perspectives on psychological science:. J Association Psychol Sci. 
2021;16(2):191–203.

29. Choi EPH, Hui BPH, Wan EYF. Depression and anxiety in Hong Kong during 
COVID-19. Int J Environ Res Public Health. 2020;17(10):3740.

30. Vedhara K, Ayling K, Sunger K, Caldwell DM, Halliday V, Fairclough L, et al. Psy-
chological interventions as vaccine adjuvants: a systematic review. Vaccine. 
2019;37(25):3255–66.

31. Allsup SJ, Gosney MA. Anxiety and depression in an older research popula-
tion and their impact on clinical outcomes in a randomised controlled trial. 
Postgrad Med J. 2002;78(925):674–7.

32. Hoffman Y, Palgi Y, Goodwin R, Ben-Ezra M, Greenblatt-Kimron L. Severe 
Covid-19 Vaccine Side-Effects are rare in older adults yet are linked with 
depressive symptoms. Am J geriatric psychiatry: official J Am Association 
Geriatric Psychiatry. 2021;30(1):115–6.

33. Loosen SH, Bohlken J, Weber K, Konrad M, Luedde T, Roderburg C, et al. Fac-
tors Associated with Non-Severe adverse reactions after vaccination against 
SARS-CoV-2: a cohort study of 908,869 outpatient vaccinations in Germany. 
Vaccines. 2022;10(4):566.

34. Spitzer RL, Kroenke K, Williams JB, Löwe B. A brief measure for assessing gen-
eralized anxiety disorder: the GAD-7. Arch Intern Med. 2006;166(10):1092–7.

35. Zhang C, Wang T, Zeng P, Zhao M, Zhang G, Zhai S, et al. Reliability, validity, 
and Measurement Invariance of the General anxiety disorder scale among 
Chinese Medical University students. Front Psychiatry. 2021;12:648755.

36. Nyongesa MK, Mwangi P, Koot HM, Cuijpers P, Newton C, Abubakar A. The 
reliability, validity and factorial structure of the Swahili version of the 7-item 
generalized anxiety disorder scale (GAD-7) among adults living with HIV from 
Kilifi, Kenya. Ann Gen Psychiatry. 2020;19:62.

http://dx.doi.org/10.54724/lc.2022.e10
http://dx.doi.org/10.54724/lc.2022.e10
http://dx.doi.org/10.54724/lc.2022.e14


Page 9 of 9Zhou et al. BMC Public Health          (2023) 23:425 

37. Levis B, Benedetti A, Thombs BD. Accuracy of Patient Health Questionnaire-9 
(PHQ-9) for screening to detect major depression: individual participant data 
meta-analysis. BMJ. 2019;365:l1476.

38. Wang W, Bian Q, Zhao Y, Li X, Wang W, Du J, et al. Reliability and validity of the 
chinese version of the Patient Health Questionnaire (PHQ-9) in the general 
population. Gen Hosp Psychiatry. 2014;36(5):539–44.

39. Ye X, Shu HL, Feng X, Xia DM, Wang ZQ, Mi WY, et al. Reliability and validity 
of the chinese version of the Patient Health Questionnaire-9 (C-PHQ-9) in 
patients with psoriasis: a cross-sectional study. BMJ open. 2020;10(7):e033211.

40. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression 
severity measure. J Gen Intern Med. 2001;16(9):606–13.

41. Lee SW. Methods for testing statistical differences between groups in medi-
cal research: statistical standard and guideline of Life Cycle Committee. Life 
Cycle. 2022. https://doi.org/10.54724/lc.2022.e1. 2e1.

42. Yoda T, Katsuyama H. Willingness to receive COVID-19 vaccination in Japan. 
Vaccines. 2021;9(1):48.

43. Kricorian K, Civen R, Equils O. COVID-19 vaccine hesitancy: misinformation 
and perceptions of vaccine safety. Hum vaccines immunotherapeutics. 
2022;18(1):1950504.

44. Fitzpatrick KM, Harris C, Drawve G. Living in the midst of fear: depressive 
symptomatology among US adults during the COVID-19 pandemic. Depress 
Anxiety. 2020;37(10):957–64.

45. Pan KY, Kok AAL, Eikelenboom M, Horsfall M, Jörg F, Luteijn RA, et al. The men-
tal health impact of the COVID-19 pandemic on people with and without 
depressive, anxiety, or obsessive-compulsive disorders: a longitudinal study 
of three dutch case-control cohorts. The lancet Psychiatry. 2021;8(2):121–9.

46. Bareeqa SB, Ahmed SI, Samar SS, Yasin W, Zehra S, Monese GM, et al. 
Prevalence of depression, anxiety and stress in china during COVID-19 
pandemic: a systematic review with meta-analysis. Int J Psychiatry Med. 
2021;56(4):210–27.

47. Varma P, Junge M, Meaklim H, Jackson ML. Younger people are more 
vulnerable to stress, anxiety and depression during COVID-19 pandemic: a 
global cross-sectional survey. Prog Neuro-psychopharmacol Biol Psychiatry. 
2021;109:110236.

48. Zhou J, Liu L, Xue P, Yang X, Tang X. Mental Health response to the COVID-19 
outbreak in China. Am J Psychiatry. 2020;177(7):574–5.

49. Shi Y, Jiang HL, Yang MX, Dong LJ, Chen Y, Zhou YB, et al. The precision of 
epidemiological investigation of COVID-19 transmission in Shanghai, China. 
Infect Dis poverty. 2021;10(1):58.

50. Sadoff J, Le Gars M, Shukarev G, Heerwegh D, Truyers C, de Groot AM, et al. 
Interim results of a phase 1-2a trial of Ad26.COV2.S Covid-19 vaccine. N Engl J 
Med. 2021;384(19):1824–35.

51. Mulligan MJ, Lyke KE, Kitchin N, Absalon J, Gurtman A, Lockhart S, et al. 
Phase I/II study of COVID-19 RNA vaccine BNT162b1 in adults. Nature. 
2020;586(7830):589–93.

52. Ella R, Reddy S, Jogdand H, Sarangi V, Ganneru B, Prasad S, et al. Safety and 
immunogenicity of an inactivated SARS-CoV-2 vaccine, BBV152: interim 
results from a double-blind, randomised, multicentre, phase 2 trial, and 
3-month follow-up of a double-blind, randomised phase 1 trial. Lancet Infect 
Dis. 2021;21(7):950–61.

53. Frenck RW Jr, Klein NP, Kitchin N, Gurtman A, Absalon J, Lockhart S, et al. 
Safety, Immunogenicity, and efficacy of the BNT162b2 Covid-19 vaccine in 
adolescents. N Engl J Med. 2021;385(3):239–50.

54. Beatty AL, Peyser ND, Butcher XE, Cocohoba JM, Lin F, Olgin JE, et al. Analysis 
of COVID-19 vaccine type and adverse Effects following vaccination. JAMA 
Netw open. 2021;4(12):e2140364.

55. Lv L, Lin XQ, Chen Y, Chen HD, Zhang MX, Shao H, et al. Adverse reactions to 
inactivated COVID-19 vaccination in patients with chronic liver disease: the 
effect of anxiety. Hum vaccines immunotherapeutics. 2022;18(6):2136435.

56. Sasaki N, Kuroda R, Tsuno K, Imamura K, Kawakami N. The effect of job strain 
and worksite social support on reported adverse reactions of COVID-19 
vaccine: a prospective study of employees in Japan. J Occup Health. 
2022;64(1):e12356.

57. Brydon L, Walker C, Wawrzyniak A, Whitehead D, Okamura H, Yajima J, et 
al. Synergistic effects of psychological and immune stressors on inflam-
matory cytokine and sickness responses in humans. Brain Behav Immun. 
2009;23(2):217–24.

58. Glaser R, Robles TF, Sheridan J, Malarkey WB, Kiecolt-Glaser JK. Mild depres-
sive symptoms are associated with amplified and prolonged inflammatory 
responses after influenza virus vaccination in older adults. Arch Gen Psychia-
try. 2003;60(10):1009–14.

59. Wang XF, Shi XH, Xu XX, Yang ZQ, Hao HY, Zhang F, et al. Effect of interleukin-6 
and interleukin-12 on immune response to hepatitis B vaccination in infants 
of HBsAg-positive mothers. Zhonghua liu xing bing xue za zhi = Zhonghua. 
liuxingbingxue zazhi. 2017;38(7):950–3.

60. Edwards KM, Burns VE, Reynolds T, Carroll D, Drayson M, Ring C. Acute stress 
exposure prior to influenza vaccination enhances antibody response in 
women. Brain Behav Immun. 2006;20(2):159–68.

61. Lee VY, Booy R, Skinner SR, Fong J, Edwards KM. The effect of exercise on 
local and systemic adverse reactions after vaccinations - outcomes of two 
randomized controlled trials. Vaccine. 2018;36(46):6995–7002.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

http://dx.doi.org/10.54724/lc.2022.e1

	Effect of anxiety and depression on self-reported adverse reactions to COVID-19 vaccine: a cross-sectional study in Shanghai, China
	Abstract
	Introduction
	Methods
	Study designs and participants
	Instruments
	Safety of vaccine
	Sample size estimation
	Statistical analyses

	Results
	Participant characteristics
	Anxiety and depression in the participants
	Adverse reactions in participants
	Association of anxiety and depression with adverse reactions

	Discussion
	Conclusion
	References


