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A B S T R A C T   

Introduction: Young adults are hesitant to receive the coronavirus disease 2019 (COVID-19) vaccination owing to 
concerns regarding adverse events despite the effectiveness of vaccines in preventing SARS-CoV-2 infection- 
associated serious illness, hospitalization, and death. 
Methods: A retrospective cohort study was conducted in Gifu University students receiving the mRNA-1273 
vaccine and boosters to elucidate the real incidence of adverse events and factors that prevent them. We 
examined the adverse events and identified potential risk factors through a self-administered questionnaire on 
the participants’ physical condition after COVID-19 vaccination. 
Results: Focal/systemic adverse events were highly frequent among university students after receiving the 
COVID-19 vaccine; however, there were no life-threatening cases or hospitalizations over two years. A higher 
number of vaccinations (p < 0.001), female sex (p < 0.001), and lower body mass index (BMI) (p = 0.002) were 
associated with an increased incidence of adverse events on the day of COVID-19 vaccination or the day after 
vaccination. Regular breakfast consumption was significantly associated with a decreased incidence of post- 
vaccination itching (p = 0.019) and abdominal pain and diarrhea (p = 0.042). Sufficient sleep duration was 
significantly associated with a decreased incidence of post-vaccination abdominal pain and diarrhea (p = 0.042). 
Conclusions: High frequency of adverse events of COVID-19 mRNA-1273 among Japanese university students was 
reported. A higher number of shots, female sex, and lower BMI were associated with a higher incidence of 
adverse events. Regular breakfast and sufficient sleep were associated with fewer adverse events. This study may 
provide a possible solution to the worldwide problem of vaccine hesitancy.   

Introduction 

The clinical vaccine for coronavirus disease 2019 (COVID-19) was 
developed after the emergence of the severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) infection in December 2019, which caused 

global devastation. One of the COVID-19 vaccines, mRNA-1273 (Mod
erna), exhibited 94.1 % efficacy in preventing COVID-19 illness [1] for 
over 5 months, without safety concerns [2]. However, frequent local and 
systemic reactions were reported in surveillance conducted by the 
Centers for Disease Control and Prevention after the vaccine received 
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the Emergency Use Authorization by the US Food and Drug Adminis
tration as a two-dose series [3]. Frequent injection site reactions, 
including pain and systemic reactions such as headache and fatigue, 
were reported among adolescents (12–17 years of age). In particular, 
injection-site pain reaching grade 3 severity has been reported in 
approximately 5 % of individuals who received the COVID-19 vaccine 
[4]. 

Although the efficacy, safety, and immunogenicity of the COVID-19 
and booster vaccines are established [5,6], a substantial percentage of 
people worldwide have concerns [7], hesitation [8], and fear [9]. 
Moreover, concerns regarding adverse events may become barriers and 
decrease the COVID-19 vaccine/booster shot rate in young adults since 
the younger generation is more apprehensive and hesitant. Therefore, 
real data on adverse events, with frequency and life-threatening levels 
and their associated factors should be provided to the young population 
to reduce these unfavorable feelings. However, little is known about the 
factors associated with adverse events associated with the SARS-CoV-2 
vaccine among young adults. 

We aimed to analyze the adverse event surveillance data of Japanese 
university students who received the first shot and second/third booster 
shots of the mRNA-1273 SARS-CoV-2 vaccine to assess the real reac
togenicity among young adults. Additionally, we aimed to analyze the 
relationship between adverse events and health background informa
tion, including lifestyle factors, retrieved from the annual health check- 
up data and identify factors that should be considered before vaccina
tion. The study results will provide a scientific basis for lifestyle rec
ommendations regarding the vaccination of students and young adults 
in the context of health education and vaccination promotion. 

Material and Methods 

All study procedures complied with the ethical requirements of the 
national and institutional committees that oversee human studies and 
with the 1964 Declaration of Helsinki and its later revisions. The study 
design was reviewed and approved by the Ethical Review Committee of 
the Graduate School of Medicine, Gifu University, Japan (no. 2021- 
B160), and the requirement for obtaining informed consent was 
waived owing to the retrospective nature of the study. The research 
details were made accessible to the participants, and they were provided 
with the opportunity to decline participation in this study. They were 
notified that their responses would remain confidential and would have 
no effect on their academic performance. There was no compensation 
for participants. 

Participants and study procedures 

This study was conducted on all students who had COVID-19 vaccine 
from July 12, 2021 to March 23, 2022, at Gifu University – a national 
general university in Japan. The STROBE guidelines were followed in 
the preparation of this study [10]. Vaccine shot service with mRNA- 
1273 (Moderna) was provided for Gifu University students in three 
rounds: the first from July 12, 2021 to July 21, 2021; second, August 9, 
2021 to August 20, 2021; and third, March 15, 2022 to March 23, 2022. 
Participants were invited to complete a questionnaire (Supplemental 
File: Post-vaccination Questionnaires) related to the post-vaccination 
physical condition using Microsoft Forms on the day of vaccination 
and the following day. The first, second, and third post-vaccination 
questionnaires were administered from July 12, 2021, to July 30, 
2021; August 9, 2021, to August 27, 2021; and March 14, 2022, to 
March 31, 2022; respectively. All students who had vaccine shots were 
invited to complete an online self-answered questionnaire on the post- 
vaccination physical condition immediately after the first, second, and 
third shots. The web-based post-vaccination questionnaires sites were 
opened from July 12 to 30, 2021; August 9 to 27, 2021; and March 14 to 
31, 2022 for the first, second, and third shots recipients, respectively. 
The participants answered the questions about symptoms after 

vaccination; local reactions including redness / swelling / induration / 
pain / heat sensation / itch and systemic reactions including headache / 
general fatigue / fever over 37.5 ◦C / nausea / joint or muscle pain / 
abdominal pain or diarrhea on the vaccination day and the next day in a 
digital form (Appendix) according to a systematic review of adverse 
events reports [11]. The responses of students whose health checkup 
records could be verified were selected for the study among the students 
who responded to the questionnaire. 

The following inclusion criteria were used to select the participants 
included the final analysis: a student who had at least the first shot of the 
mRNA-1273 SARS-CoV-2 vaccine at Gifu University in July 2021, 
answered the post-vaccination questionnaire at least once, and 
completed all the examination items of the annual health checkup in 
2021–2022. 

Participants’ health background 

Participants’ health backgrounds (self-reported sex, age, and past/ 
present illness) and body mass index (BMI) calculated as measured body 
weight (kg) ÷ [measured height (m)]2 were collected during the annual 
health check-up, which is mandated by the Japanese School Health and 
Safety Act for all students in Japan. Information on lifestyle, including 
exercise/breakfast habits, sleeping duration, and allergy, were also 
recorded at the annual health checkup as responses to the following 
questions: “how often did you exercise till you got sweaty, including 
walking for approximately > 30 min, per week in the previous month?” 
(choices: 0 day, 1 day, 2–5 days, 6–7 days = almost every day), “how 
often did you have breakfast per week in the previous month?” (choices: 
< 1 day, 2–3 days, 4–5 days, 6–7 days = almost every day), “how long 
did you typically sleep on weekdays in the previous month?” (choices: <
5 h, 6 h, 7 h, 8 h, 9 h, 10 h, > 11 h), and “have you ever had food/drug 
allergies or anaphylaxis?” (choices: no, yes; if yes (description)). 

Statistical analyses 

The characteristics of the participants are summarized using the 
median and interquartile ranges (IQR) for continuous variables. Cate
gorical variables are summarized by frequency. Generalized estimating 
equations (GEE) were used to confirm the association of risk factors, 
such as the number of vaccinations, sex, BMI, exercise habits, frequency 
of breakfast consumption per week, history of allergies and anaphylaxis, 
and hours of sleep per day, with the self-reported presence of at least one 
symptom related to the vaccination site and systemic symptoms on the 
day of or the day after vaccination. These variables were simultaneously 
included in the model. Statistical significance was defined as two-sided 
P < 0.05. All statistical analyses were performed using R software 
(version 4.2.1; https://www.r-project.org, The R Project for Statistical 
Computing). 

Results 

The COVID-19 vaccination program at Gifu University and the 
participants 

The COVID-19 vaccination program at Gifu University involved 
three rounds of vaccination: 4,214, 4,180, and 2,517 individuals un
derwent the first, second, and third rounds, respectively. Among these 
individuals, 2,329 (55.3 %), 1,631 (39.0 %), and 615 (24.4 %) respon
ded for the post-first, post-second, and post-third vaccination ques
tionnaire, respectively. In total, 2,687 individuals responded to the post- 
vaccination survey at least one time. Eight hundred and twenty-nine 
individuals had missing data of annual health checkups among a total 
of 2,687 individuals; therefore, 1,858 (1,004 males and 854 females, 
median age 20 years) met the inclusion criteria. The charts of 1,626 
participants (38.6 %) from the first round, 1,215 (29.1 %) from the 
second, and 456 (18.1 %) from the third were included in the analysis 
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(Figure 1). 

Background characteristics of the participants 

The background characteristics of the participants are listed in 
Table 1. The median age was 20 years (IQR: 18–22), 854 (46.0 %) 
participants were women, and the median BMI was 20.3 (IQR: 
18.8–22.2) kg/m2. A history of allergies was reported by 110 partici
pants (5.9 %). The median sleep duration was 7 h (IQR: 6.0–7.0). Ex
ercise frequency was reported as zero in 552 (29.7 %) participants; once 
a week in 539 (29.0 %) participants; 2–5 times a week in 669 (36.0 %) 
participants; and 6–7 times a week in 97 (5.2 %) participants. The fre
quency of consuming breakfast was less than once a week in 165 par
ticipants (8.9 %); 2–3 times a week in 194 participants (10.4 %); 4–5 
times a week in 375 participants (20.2 %); and daily in 1,123 partici
pants (60.5 %). The background characteristics of the group of students 
at Gifu University who underwent health checkups during the 
2021–2022 season but did not respond to the questionnaire are pre
sented in Table 2. There were no significant differences in the back
ground characteristics between the participants who responded to the 
questionnaire and those who did not. 

The incidence of local and systemic symptoms on the day of COVID-19 
vaccination and the next day after vaccination 

The symptoms observed on the day of vaccination or the next day 
after vaccination are summarized in Table 3. Among all the respondents, 
local and systemic symptoms were observed in 1,666 (89.7 %) and 1,195 
(64.3 %) participants, respectively, on the day of vaccination and/or the 
next day after vaccination. On the day of vaccination, local and systemic 
symptoms were observed in 1,534 (82.6 %) and 816 participants (43.9 
%), respectively. Overall, no life-threatening cases or hospitalizations, 
which could suggest delayed adverse events, were reported for two years 
since March 23, 2022. 

Factors associated with post-vaccination local and systemic symptoms on 
the day of COVID-19 vaccination or the next day after vaccination 

The incidence of local symptoms on the day of vaccination or the 
next day after vaccination was significantly higher among those who 
received multiple doses (odds ratio [OR]: 1.355; 95 % confidence in
terval [CI]: 1.153–1.592; P < 0.001) and among women (OR: 2.436; 95 
% CI: 1.797–3.302; P < 0.001) (Table 4). Similarly, receiving multiple 
doses (OR: 4.046; 95 % CI: 3.321–4.928; P < 0.001) and being female 
(OR: 1.610; 95 % CI: 1.340–1.935; P < 0.001) were associated with 
significantly higher incidence of systemic symptoms. However, 
increased BMI (OR: 0.956; 95 % CI: 0.929–0.984; P < 0.001) was 
associated with significantly lower incidence of systemic symptoms 
(Table 4). 

Factors associated with post-vaccination local and systemic symptoms on 
the day of COVID-19 vaccination 

The incidence of local symptoms on the day of vaccination was 
significantly higher among those who received multiple doses (OR: 
1.264; 95 % CI: 1.119–1.427; P < 0.001) and among women (OR: 2.269; 
95 % CI: 1.803–2.857; P < 0.001). Similarly, receiving multiple doses 
(OR: 1.923; 95 % CI: 1.737–2.129; P < 0.001) and being female (OR: 
1.656; 95 % CI: 1.412–1.943; P < 0.001) were significantly associated 
with the incidence of systemic symptoms. However, increased BMI (OR: 
0.965; 95 % CI: 0.940–0.991; P < 0.008) and a higher frequency of 
breakfast consumption were significantly associated with a lower inci
dence of systemic symptoms on the day of vaccination (Table 5). 

Body mass index, breakfast, sleep, and history of allergy associated with 
each local and systemic symptom after vaccination 

GEE analysis revealed significant decreases in the incidence of local 
redness at the injection site, headache, and fever as BMI increased 

Fig. 1. Study flow chart. Students were administered the mRNA-1273 vaccine in the period 2021–2022 (n = 4,214). Participants that completed the post-vaccination 
survey at least once were enrolled. A total of 2,687 students who received COVID-19 vaccination at Gifu University responded to the questionnaire. Among them, 829 
students did not complete the lifestyle questionnaire at the annual health checkup and were excluded, resulting in a final sample of 1,858 students who participated 
in the post-vaccination survey. Of these, there were 1,626, 1,215, and 456 responses after the first, second, and third doses, respectively. 
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(Figure 2). Consuming breakfast at least twice a week was significantly 
associated with a reduced incidence of pruritus (itch sensation) at the 
injection site. Additionally, daily breakfast regime was associated with a 
greater reduction in the incidence of abdominal pain and diarrhea 
(Figure 3). A longer sleep duration was significantly associated with a 
lower incidence of abdominal pain and diarrhea (Figure 4). However, a 
history of allergic symptoms was significantly associated with increased 

occurrence of focal redness as a local symptom, but not with the inci
dence of systemic symptoms (Figure 5). 

Discussion 

This is the first study to precisely analyze the occurrence of COVID- 
19 vaccine adverse events and identify the related factors, including shot 
times, sex, BMI, allergic history, and lifestyle factors, including breakfast 
habit and sleeping time, among Japanese university students. 

Although a few reports worldwide have demonstrated the adverse 
events following mRNA-based COVID-19 vaccinations [4–6,11] in a 
wide variety of populations, three reports analyzed adverse events 
among university students or staff/students. One study was conducted 
among various universities in the Czech Republic, which demonstrated 
that most of the 539 students (18–30 years old) reported at least one side 
effect, including injection site pain (91.8 %), fatigue (62.5 %), headache 
(36.4 %), and muscle pain (34.9 %) [12]. The second study on 144 
medical clerkship students in Indonesia showed that 45 % and 67 % of 
the participants reported localized pain, and 36 % and 41 % of the 
participants reported malaise after the first and booster doses, respec
tively [13]. The third study was conducted among 6059 staff and 15,347 
students at Hiroshima University and Hiroshima University Hospital, 
Japan. They demonstrated the incidence of adverse reactions after the 
second dose of mRNA-1273 in the 20 s generation as injection site pain 
(94.7 %), fever (75.0 %), fatigue (83.3 %), and headache (62.4 %) [14]. 
The frequency and characteristics of the adverse events among univer
sity students showed the same trend. 

Table 1 
Participant characteristics.  

Characteristics First dose,  

N = 1,626 

Second 
dose,  

N = 1,215 

Third dose,  

N = 456 

Total,  

N = 1,858 

Age, year 20 (18, 22) 20 (18, 22) 20 (18, 22) 20 (18, 22) 
Female 739 (45.4 

%) 
557 (45.8 
%) 

228 (50.0 
%) 

854 (46.0 
%) 

BMI 20.3 (18.8, 
22.2) 

20.3 (18.7, 
22.2) 

20.3 (18.7, 
22.0) 

20.3 (18.8, 
22.2) 

BMI category     
<18.5 338 (20.8 

%) 
260 (21.4 
%) 

96 (21.1 %) 384 (20.7 
%) 

18.5–24.9 1,161 
(71.4 %) 

859 (70.7 
%) 

324 (71.1 
%) 

1,332 
(71.7 %) 

>25.0 127 (7.8 %) 96 (7.9 %) 36 (7.9 %) 142 (7.6 %) 
History of allergy 89 (5.5 %) 73 (6.0 %) 25 (5.5 %) 110 (5.9 %) 
Hours of sleep 7.0 (6.0, 

7.0) 
7.0 (6.0, 
7.0) 

6.0 (6.0, 
7.0) 

7.0 (6.0, 
7.0) 

Exercise habits     
None 484 (29.8 

%) 
366 (30.1 
%) 

151 (33.1 
%) 

552 (29.7 
%) 

Once a week 482 (29.7 
%) 

360 (29.7 
%) 

114 (25.0 
%) 

539 (29.0 
%) 

2–5 times a week 573 (35.3 
%) 

422 (34.8 
%) 

165 (36.2 
%) 

669 (36.0 
%) 

6–7 times a week 86 (5.3 %) 66 (5.4 %) 26 (5.7 %) 97 (5.2 %) 
Habit of consuming 

breakfast     
Less than once a 
week 

148 (9.1 %) 92 (7.6 %) 42 (9.2 %) 165 (8.9 %) 

2–3 times a week 158 (9.7 %) 125 (10.3 
%) 

41 (9.0 %) 194 (10.4 
%) 

4–5 times a week 327 (20.1 
%) 

242 (19.9 
%) 

96 (21.1 %) 375 (20.2 
%) 

Every day 992 (61.0 
%) 

756 (62.2 
%) 

277 (60.7 
%) 

1,123 
(60.5 %) 

Values are presented as numbers (percentage) or median (IQR; Interquartile 
range); BMI, body mass index 

Table 2 
Health checkup data of 1,858 student’s health checkup data who were admin
istered the COVID-19 vaccine.  

Characteristics n  

Age, year 3,281 20 (19–22) 
Sex 3,281  

Female  1,340 (40.8 %) 
Male  1,941 (59.2 %) 

BMI 3,281 20.4 (18.9–22.4) 
History of allergy 2,239 155 (6.9 %) 
Hours of sleep 2,230 7.0 (6.0–7.0) 
Exercise habits 2,239  

None  610 (27.2 %) 
Once a week  643 (28.7 %) 
2–5 times a week  840 (37.5 %) 
6–7 times a week  146 (6.5 %) 

Habit of consuming breakfast 2,240  
Less than once a week  279 (12.5 %) 
2–3 times a week  276 (12.3 %) 
4–5 times a week  429 (19.2 %) 
Every day  1,256 (56.1 %) 

Values are presented as numbers (percentage) or median (IQR; Interquartile 
range); BMI, body mass index; COVID-19, coronavirus disease 2019 

Table 3 
Symptoms on the day of COVID-19 vaccination or the next day after vaccination.  

Symptoms First 
dose,  

N =
1,626 

Second 
dose,  

N = 1,215 

Third 
dose,  

N = 456 

Total,  

N =
1,858 

The day of vaccination or the 
next day after vaccination     
Any vaccination site 
symptoms 

1,458 
(89.7 %) 

1,118 
(92.0 %) 

432 
(94.7 %) 

1,666 
(89.7 %) 

Redness 145 (8.9 
%) 

342 (28.1 
%) 

82 
(18.0 %) 

198 
(10.7 %) 

Swelling 344 
(21.2 %) 

523 (43.0 
%) 

189 
(41.4 %) 

437 
(23.5 %) 

Induration 160 (9.8 
%) 

138 (11.4 
%) 

62 
(13.6 %) 

188 
(10.1 %) 

Pain 1,400 
(86.1 %) 

1,025 
(84.4 %) 

409 
(89.7 %) 

1,582 
(85.1 %) 

Heat sensation 288 
(17.7 %) 

390 (32.1 
%) 

103 
(22.6 %) 

359 
(19.3 %) 

Itch 91 (5.6 
%) 

138 (11.4 
%) 

37 (8.1 
%) 

116 (6.2 
%) 

Any systemic symptoms 989 
(60.8 %) 

1,133 
(93.3 %) 

399 
(87.5 %) 

1,195 
(64.3 %) 

Headache 433 
(26.6 %) 

857 (70.5 
%) 

297 
(65.1 %) 

588 
(31.6 %) 

General fatigue 612 
(37.6 %) 

919 (75.6 
%) 

327 
(71.7 %) 

786 
(42.3 %) 

Fever 272 
(16.7 %) 

970 (79.8 
%) 

256 
(56.1 %) 

435 
(23.4 %) 

Nausea 66 (4.1 
%) 

142 (11.7 
%) 

46 
(10.1 %) 

92 (5.0 
%) 

Joint and muscle pain 595 
(36.6 %) 

705 (58.0 
%) 

239 
(52.4 %) 

728 
(39.2 %) 

Abdominal pain and 
diarrhea 

43 (2.6 
%) 

93 (7.7 %) 20 (4.4 
%) 

58 (3.1 
%) 

The day of vaccination     
Vaccination site symptoms 1,344 

(82.7 %) 
1,032 
(84.9 %) 

409 
(89.7 %) 

1,534 
(82.6 %) 

Systemic symptoms 665 
(40.9 %) 

802 (66.0 
%) 

290 
(63.6 %) 

816 
(43.9 %) 

Values are presented as numbers (percentages) 
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In our study, 89.7 % and 64.3 % of the students had local and sys
temic symptoms, respectively, within 2 days of vaccination. Although 
these incidence rates were likely among adolescents [4] and university 
students in the Czech Republic [12], they were relatively higher than 
those in other previous reports [3,15,16]. According to the Hiroshima 
University data, the mRNA-1237 vaccine was more likely to generate 
systemic reactions than the BNT16b2 vaccine [14]. Since our study 
participants had received mRNA-1237, our data are specific for mRNA- 
1237. The incidence of non-life-threatening adverse events increased in 
our study because the participants comprised the younger generation, as 
demonstrated in several previous studies [14,17–22]. 

Moreover, shot dose and sex were significantly associated with local 
and systemic adverse events in this study. The risk of adverse events was 
significantly higher in the second dose than in the first dose and in 
women than in men, as reported previously among university students 
[12,14]. Although a previous study demonstrated the adverse events in 
the first and second doses, our results showed that the third dose 
significantly increased the risk of adverse events. Similarly, several 
studies demonstrate increased incidence of adverse events with an in
crease in the number of doses of mRNA-based vaccines 
[3,12,19,20,23–25]. Our study also showed that women may experience 
more adverse events than men, which correlated with previous surveys 
[12,18–22,24,26]. 

Furthermore, we demonstrated that a decreased BMI increased the 
risk of systemic adverse events, especially headache/fever and local 
symptoms of redness. The mean BMI in our study was 20 kg/m2, and the 
distribution of lean (less than 18.5 kg/m2), normal (18.5–24.9 kg/m2), 
and obese (over 25.0 kg/m2) subjects was 20.7 %, 71.7 %, and 7.6 %, 
respectively. Therefore, “decreased BMI increased the risk” might imply 
that adverse events were less likely to occur as BMI increased from the 
lean to the normal BMI group. The lean status may be associated with a 
higher risk of adverse events in young Japanese adults. There was no 
significant association between adverse events and BMI in a Spanish 
population [22]. However, the distribution of lean, normal, and obese 
subjects in their study was 1.9 %, 58.0 %, and 36.8 %, respectively, in 
the target group aged 18 to > 65 years. To the best of our knowledge, 
this is the first report of the relationship between BMI and adverse events 
of vaccination in young Japanese adults. 

Association between lifestyle factors and adverse events following COVID- 
19 vaccination 

Breakfast consumption significantly decreased the risk of systemic 
adverse events including stomach pain, diarrhea, and local symptoms of 
itchiness. Furthermore, sufficient sleep duration significantly sup
pressed stomach symptoms. Although allergy history was associated 
with an increased risk of local adverse events such as redness, a favor
able lifestyle that includes breakfast/good sleep and education 
regarding the possibility of local reactions (especially in people with an 
allergy history) might decrease the frequency and level of adverse 
events. 

These results imply that a good lifestyle contributes to maintenance 
of healthy body weight while avoiding a decrease in BMI. Therefore, 
health education to maintain a healthy lifestyle is important to reduce 
the level and frequency of adverse events of RNA-based COVID-19 
vaccines. However, few studies have examined the relationship between 
lifestyle or other physiological factors and the occurrence of adverse 
events; therefore, further in-depth studies are warranted. 

Many reports, including clinical trials [1–6] revealed that most of the 
adverse events are not serious and resolve within 3 days [12,19]. Several 
researchers have also reported significant factors associated with 
adverse events, such as history of allergic reactions or anaphylaxis [19], 
vaccine dose [12,19,20,23–25], vaccine brand [3,19], age [17–22], fe
male sex [12,18–22,24,26], and COVID-19 diagnosis before vaccination 
[19]. These findings support our data and provide crucial information to 
medical professionals who administer COVID-19 vaccines [27]. 

Table 4 
Factors associated with symptoms on the day of COVID-19 vaccination or the 
next day after vaccination.   

OR (95 % CI) P values 

Vaccination site symptoms    
Number of vaccinations  1.355 (1.153–1.592)  <0.001 
Female  2.436 (1.797–3.302)  <0.001 
BMI  0.994 (0.946–1.045)  0.814 

Exercise habits    
Once a week  0.824 (0.575–1.181)  0.291 
2–5 times a week  0.919 (0.641–1.317)  0.644 
6–7 times a week  0.853 (0.456–1.596)  0.619 

Habit of consuming breakfast    
2–3 times a week  1.724 (0.856–3.470)  0.127 
4–5 times a week  1.039 (0.605–1.784)  0.890 
Every day  0.962 (0.594–1.558)  0.874 
History of allergy  1.133 (0.623–2.058)  0.683 
Hours of sleep  0.944 (0.799–1.115)  0.495 

Systemic symptoms    
Number of vaccinations  4.046 (3.321–4.928)  <0.001 
Female  1.610 (1.340–1.935)  <0.001 
BMI  0.956 (0.929–0.984)  0.002 

Exercise habits    
Once a week  1.022 (0.810–1.290)  0.852 
2–5 times a week  0.938 (0.748–1.175)  0.576 
6–7 times a week  1.193 (0.784–1.817)  0.410 

Habit of consuming breakfast    
2–3 times a week  1.218 (0.808–1.836)  0.346 
4–5 times a week  1.012 (0.708–1.447)  0.947 
Every day  0.896 (0.652–1.232)  0.499 
History of allergy  0.877 (0.609–1.264)  0.482 
Hours of sleep  1.026 (0.929–1.133)  0.611 

Analyses were performed using generalized estimating equations; Bold text in
dicates statistically significant results (p < 0.05); BMI, body mass index; CI, 
confidence interval; COVID-19, coronavirus disease 2019; OR, odds ratio 

Table 5 
Factors associated with symptoms on the day of COVID-19 vaccination.   

OR (95 % CI) P values 

Vaccination site symptoms    
Number of vaccinations  1.264 (1.119–1.427)  <0.001 
Female  2.269 (1.803–2.857)  <0.001 
BMI  0.999 (0.962–1.038)  0.963 

Exercise habits    
Once a week  0.756 (0.568–1.005)  0.054 
2–5 times a week  0.902 (0.680–1.196)  0.475 
6–7 times a week  0.961 (0.571–1.617)  0.881 

Habit of consuming breakfast    
2–3 times a week  1.132 (0.683–1.876)  0.631 
4–5 times a week  0.955 (0.615–1.484)  0.838 
Every day  0.823 (0.559–1.213)  0.325 
History of allergy  1.120 (0.710–1.765)  0.627 
Hours of sleep  0.948 (0.837–1.073)  0.397 

Systemic symptoms    
Number of vaccinations  1.923 (1.737–2.129)  <0.001 
Female  1.656 (1.412–1.943)  <0.001 
BMI  0.965 (0.940–0.991)  0.008 

Exercise habits    
Once a week  1.053 (0.862–1.287)  0.612 
2–5 times a week  0.976 (0.802–1.189)  0.812 
6–7 times a week  1.096 (0.766–1.568)  0.618 

Habit of consuming breakfast    
2–3 times a week  0.941 (0.660–1.343)  0.739 
4–5 times a week  0.742 (0.544–1.012)  0.059 
Every day  0.687 (0.520–0.906)  0.008 
History of allergy  1.006 (0.731–1.385)  0.969 
Hours of sleep  0.920 (0.844–1.002)  0.056 

Analyses were performed using generalized estimating equations; Bold text in
dicates statistically significant results (p < 0.05); BMI, body mass index; CI, 
confidence interval; COVID-19, coronavirus disease 2019; OR, odds ratio 
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This study had several limitations. First, this study only considered 
adverse events that occurred on the day of COVID-19 vaccination and 
the next day after vaccination. We were unable to investigate the asso
ciation between adverse events occurring on the third day of vaccination 

or long-term adverse events. Second, we were only able to extract in
formation on the symptoms covered by the questionnaire used in this 
study. Nevertheless, this allowed standardization of adverse events and 
ensured the quality of the study because we did not intend to find very 

Fig. 2. Forest plot of various symptoms and BMI on the day of COVID-19 vaccination or the day after the vaccination. Participants with higher BMI showed 
significantly reduced occurrences of redness at the injection site and post-vaccination headache or fever. BMI = body mass index, CI = confidence interval, COVID- 
19 = coronavirus disease 2019. 

Fig. 3. Forest plot of various symptoms on the day of COVID-19 vaccination or the day after vaccination and frequency of consuming breakfast. Regular consumption 
of breakfast (at least 2 days per week) was significantly associated with a decrease in the incidence of injection site pruritus following COVID-19 vaccination. As the 
frequency of breakfast intake increased, the incidence of post-vaccination symptoms such as headache, abdominal pain, and diarrhea significantly decreased. CI =
confidence interval, COVID-19 = coronavirus disease 2019. 
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rare events, except life-threatening events. Third, this study only 
included individuals who received the mRNA-1273 vaccine from Mod
erna. However, there are other COVID-19 vaccines (such as the 
BNT162b2 mRNA COVID-19 vaccine) that use the same mRNA tech
nology and several other vaccines that use different mechanisms. 
Therefore, it may be necessary to conduct studies on adverse events 
following vaccination with different types of vaccines. Fourth, this study 
focused solely on the relationship between early adverse events after 

COVID-19 vaccination and lifestyle habits. Further research is necessary 
to investigate the effects of other factors, such as immune responses and 
psychological influences, on the adverse events of COVID-19 vaccines. 

Conclusions 

Here, we demonstrated a high frequency of focal/systemic adverse 
events after administration of the COVID-19 mRNA-1273 vaccine 

Fig. 4. Forest plot of various symptoms on the day of COVID-19 vaccination or the day after vaccination and sleep duration. A longer sleep duration was significantly 
associated with a decrease in the frequency of injection site warmth and post-vaccination abdominal pain and diarrhea. CI = confidence interval, COVID-19 =
coronavirus disease 2019. 

Fig. 5. A forest plot of various symptoms on the day of COVID-19 vaccination or the day after vaccination and history of allergies. If there was a history of allergies, 
the incidence of local redness was significantly lower, as was the incidence of fever. CI = confidence interval, COVID-19 = coronavirus disease 2019. 
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among university students in Japan; however, there were no life- 
threatening cases or hospitalizations. A higher number of shots, fe
male sex, and decreased BMI were associated with a higher incidence of 
adverse events. Regular breakfast consumption and longer sleep dura
tion were associated with a decreased incidence of adverse events. 
Healthy food/sleep habits and maintaining an ideal body weight may 
reduce adverse events after administration of mRNA-based COVID-19 
vaccines among young adults. 
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