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Abstract BACKGROUND: Cortisol is a steroid hormone secreted mainly by the adrenal 
cortex and is associated with chronic stress levels in the body. Hair cortisol 
concentration (HCC) is a reliable index to assess human stress levels. So far, no 
study has reported whether COVID-19 vaccination is associated with the changes 
of HCC. 
METHODS: Hair samples were collected from 114 college students at Hangzhou 
City University and Zhejiang University. Among them, 57 cases completed 
COVID-19 vaccination and others did not. HCCs were measured by the chemilu-
minescence immunoassay (CLIA). The psychological stress levels were evaluated 
using the Chinese College Student Psychological Stress Scale (CCSPSS). General 
information and adverse reactions of the subjects were collected by questionnaire. 
RESULTS: Compared with the vaccinated college students, the unvaccinated 
students had higher HCC levels in both A and B hair segments respectively 
corresponding older or six weeks before and newer or six weeks after vaccina-
tion (p < 0.05), reflecting higher stress levels. Besides, the vaccinated group had 
significantly higher HCCs in segment B compared with segment A (p < 0.05). 
Further analysis showed that the value of ΔHCC (HCCseg.B - HCCseg.A) of the 
vaccinated group was strongly associated with COVID-19 vaccination (p < 0.05), 
but was not associated with age, gender, BMI, CCSPSS score, hormone use, exer-
cise frequency, hair washing frequency, or hair treatment. Finally, the number of 
self-reported systemic adverse reactions in the vaccinated group was associated 
with ΔHCC (p < 0.01). 
CONCLUSION: The COVID-19 vaccination had an impact on the value of HCC, 
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which might be linked to the occurrence of systemic 
adverse effects following vaccinations.

Abbreviations:
ACTH  -  adrenocorticotropic hormone
ADH  - hypothalamic-pituitary-adrenal
BMI  - body mass index 
CCSPSS  -  The Chinese College Student Psychological Stress 

Scale
CLIA  - chemiluminescence immunoassay
CRH  - corticotropin-releasing hormone
HCC  - hair cortisol concentration
HPA  - hypothalamic-pituitary-adrenal axis

INTRODUCTION
Chronic stress, also known as long-term stress, is mainly 
controlled by the hypothalamic-pituitary-adrenal 
(HPA) axis. Upon receiving foreign stimuli, the para-
ventricular nucleus of the hypothalamus secretes antid-
iuretic hormone (ADH) and corticotropin-releasing 
hormone (CRH), which act on the anterior pituitary 
gland to release adrenocorticotropic hormone (ACTH), 
resulting in increased cortisol concentrations (Stalder et 
al. 2013). These hormones and the HPA axis response 
are used as reliable stress indicators. A growing body 
of evidence suggests that maintaining an appropriate 
level of stress is important to prevent the occurrence 
of diseases and maintain body health (Dunlavey 2018), 
which cannot be ignored at different stages of life, espe-
cially during the COVID-19 global pandemic in the 
previous years.

Cortisol, an effector hormone of the HPA axis, plays 
a dual role in the physiological function of the body. 
On the one hand, it is involved in many basic physio-
logical processes, such as lipid and glucose metabolism, 
blood pressure regulation, inflammation, and immune 
response, which helps the body adapt flexibly to various 
environments (Sapolsky R M 2000). On the other hand, 
long-term exposure to high cortisol concentrations is 
a risk factor for psychiatric disorders such as depres-
sion (Dettenborn et al. 2012) and post-traumatic stress 
disorder (Luo et al. 2012), and is also closely associated 
with chronic cardiovascular diseases such as hyperten-
sion (Bautista et al. 2019). Therefore, it is very impor-
tant to accurately and effectively evaluate the level 
of chronic stress to prevent stress diseases. 

It has been suggested that analysis of hair cortisol 
concentration (HCC) is a better tool for the measure-
ment of long-term exposure to stress and assessment 
of the HPA axis response (Russell et  al. 2012) since 
the commonly used measurements of  cortisol in 
blood, saliva, and urine have yielded variable results 
(Koumantarou Malisiova et al. 2021). Cortisol content 
in body fluids is affected by the circadian rhythm 
of hormone secretion and is related to the mental state 
of the subject at the time of sampling; thus, it can only 
reflect the instantaneous stress level. Under long-term 
stress, circulating cortisol can spread through the 

bloodstream into the hair roots and accumulate near 
the scalp (Lee et al. 2015). Hair growth occurs at a rate 
of approximately 1 cm/month. It can be considered 
that the cortisol content of hair grown in a specific 
period reflects the individual's chronic stress level at 
that time, and can effectively indicate the long-term 
reactivity of  the HPA axis. HCC has been used by 
many researchers as an observational marker of stress 
level, and has been widely used to assess the stress level 
of various status of subjects, such as women during 
pregnancy (Vuppaladhadiam et al. 2021), students 
at the beginning of school (Groeneveld et al. 2013), 
and participants who suffered from circadian rhythm 
disorder (El Mlili et al. 2021).

In the past few years, researchers around the 
world have evaluated the psychosomatic effects of the 
COVID-19 pandemic on people of different occu-
pations, genders, and ages by measuring the levels 
of  HCC, and have taken some necessary interven-
tions accordingly. During the COVID-19 pandemic, 
healthcare workers were on the frontlines and under 
enormous pressure. Studies have shown that due to the 
direct involvement in the care, diagnosis, and treat-
ment of patients, healthcare workers’ stress and burnout 
symptom index increased, and their HCCs increased 
compared with that before the pandemic. Data from 
372 healthcare workers in Canada showed that the HCC 
of this population was 3.1 nmol/L before the pandemic 
from November 2019 to March 2020 and increased by 
0.6 nmol/L after the outbreak of the pandemic from 
March 2020 to June 2020 (Marcil et al. 2022). The 
results of another study in Argentina showed that the 
HCC levels of 40% of 234 healthcare workers were 
outside of the healthy reference range (Ibar et al. 2021). 
In addition, a Slovak study followed 57 nurses who had 
hair samples tested for HCC levels in the spring of 2020 
during the first wave of the COVID-19 pandemic 
(Rajcani et al. 2021b) and in the autumn of 2020 during 
the second wave (Rajcani et al. 2021a). The data showed 
that the HCCs were higher than before in the hair 
segments of both spring and autumn corresponding 
to the time of two waves of pandemic. 

Through sampling of different populations, several 
studies have shown that HCC levels were higher among 
family members, especially mothers and children, 
during the epidemic. A study from the Middle East 
starting in 2019 and ending in November 2020 showed 
that HCC levels rose by 0.17 nmol/L in mothers and 
0.06 nmol/L in children after the epidemic. These data 
suggested that mothers and children were less psycho-
logically resilient in the face of the epidemic (Hastings 
et al. 2021). Experimental data from the Midwest, USA, 
between August and November of 2020 suggested that 
mother HCC was significantly associated with child 
HCC, with a correlation coefficient of 0.40, especially in 
young children (Perry et al. 2022). A study conducted 
in Germany from late 2019 to August 2020 found that 
individuals with higher neuroticism and extraversion, 
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classified by the Big Five personality traits, tended 
to have higher HCC levels during the COVID-19 
pandemic (Engert et al. 2021).

Since the outbreak of the COVID-19 pandemic, 
local governments have implemented different control 
measures. Several large surveys have shown the impact 
of these measures on the mental health of residents. 
A  cross-national study conducted in Austria, Italy, 
and Germany in spring 2020 investigated the impact 
of lockdown policies on the psychological status of resi-
dents during the COVID-19 pandemic. The results 
showed that HCC levels decreased during lockdown, 
with a median of 4.14 pg/mg compared with 4.98 pg/

mg before lockdown. The researchers suggested that 
this change might be related to a reduction in "daily 
hassles" at home, changes in daylight and/or tempera-
ture, and a  decrease in physical activity (Feneberg et 
al. 2022).

Other studies investigated the effect of different 
external factors on human stress levels during 
the pandemic. A pilot study in Austria evalu-
ated the psychobiological effects of in-person vs. 
virtual choir singing in children and adolescents 
before and after the acute phase of the COVID-19 
outbreak in 2020. They observed a  stronger posi-
tive psychobiological effect in the in-person setting 

Tab. 1. Sociodemographic characteristics of the population with both hair samples and questionnaire data (n = 114)

Variable

Whole sample
 (n =114)

Vaccinated
(n = 57)

Unvaccinated
(n = 57) p value

M±SD/ n(%) M±SD/ n(%) M±SD/ n(%)

Age (years) 20.46±0.48 20.37±0.68 20.69±0.82 0.63

BMI (kg/m2) 21.45±2.27 21.09±2.26 21.16±2.37 0.79

CCSPSS score 54.26±27.93 56.95±26.88 51.24±27.16 0.17

Get vaccinated 0.02

YES 57 (50%) 57 /

NO 57 (50%) / 57

Gender 0.15

Male 47 (41.23%) 19 (33.33%) 28 (49.12%)

Female 67 (58.77%) 38 (66.67%) 29 (50.88%)

Hormone used 0.29

YES 14 (12.28%) 6 (10.52%) 8 (14.04%)

NO 100 (87.72%) 51 (89.47%) 49 (85.96%)

Dietary pattern 0.61

High-fat diet 14 (12.28%) 4 (7.02%) 10 (17.54%)

Low-fat diet 20 (17.54%) 11 (19.30%) 9 (15.79%)

Standard diet 80 (70.18%) 42 (73.68%) 38 (66.67%)

Dieting 0 (0%) 0 (0%) 0 (0%)

Exercise Frequency 0.55

>3 times per week 14 (12.28%) 4 (7.02%) 10 (17.54%)

1-3 times per week 82 (71.93%) 44 (77.19%) 38 (66.67%)

Never 18 (15.79%) 9 (15.79%) 9 (15.79%)

Hair washing frequency 0.42

Every day 26 (22.81%) 8 (14.04%) 18 (31.58%)

Every 2 days 52 (45.61%) 28 (49.12%) 25 (43.86%)

Every 3 days 26 (22.81%) 17 (29.82%) 10 (17.54%)

Every 3+ days 10 (8.77%) 4 (7.02%) 4 (7.202)

Hair treatment (perm and/or dye) 0.51

YES 14 (12.28%) 6 (10.52%) 8 (14.04%)

NO 100 (87.72%) 51 (89.47%) 49 (85.96%)

Note: BMI: body mass index; CCSPSS: the Chinese College Student Psychological Stress Scale.
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compared to the virtual one. For example, the 
HCC of the in-person singing group decreased 
from a median value of 2.12 pg/mg to 1.98  pg/mg 
(Grebosz-Haring et al. 2021). A German research 
group planned to implement a stepped-care program 
concerning a series of questionnaires and HCC levels 
to  provide online and face-to-face interventions for 
adults, adolescents and children. They suggested that 
the study might help to understand the impact of the 
COVID-19 pandemic on mental health and to reduce 
the transition to manifest mental disorders using indi-
cated prevention (Langhammer et al. 2021).

The current study was conducted to compare the 
changes in hair cortisol in different undergraduate 
populations with or without the COVID-19 vaccina-
tion. We also assessed whether COVID-19 vaccination 
was related to changes in HCCs of the vaccinated group. 
Furthermore, other factors such as age, gender, BMI, 
CCSPSS score, hormone used, exercise frequency, hair 
washing frequency, and hair treatment were assessed as 
potential confounders.

MATERIAL AND METHODS
Study participants
Hair samples were collected from 202 college students 
at Hangzhou City University and Zhejiang University 
during two peak periods of COVID-19 vaccination 
in China. Among them, 98 samples were collected 
between June 2021 and July 2021 and 104 samples were 
collected between February 2023 and March 2023. 
All participants provided informed consent before 
undergoing any study-related procedures or sample 
processing. After screening by exclusion criteria, 
114  samples were selected. The vaccinated group 
consisted of 57 students who received full vaccination. 
The inclusion criteria were as follows:(1) age ≥ 18 years, 
(2) 18.5 < body mass index (BMI) < 30, (3) completed 

at least two doses of vaccine between March 2021 and 
March 2023 without a severe systemic allergic reaction, 
and (4) volunteered to participate in this study and 
cooperate with hair sample collection. The exclusion 
criteria were as follows: (1) having endocrine system 
diseases, (2) actively smoking, (3) pregnancy, and 
(4) suffering from severe acute infections during this 
period. The COVID-19 inactivated vaccine (Vero cells) 
was produced by Beijing Institute of Biological Products 
Co., Ltd. and Sinovac Life Sciences Co., Ltd. The control 
group (unvaccinated) consisted of 57 students enrolled 
in the same period. In addition to the status of comple-
tion of the COVID-19 vaccination, the inclusion and 
exclusion criteria were the same as those in the vaccina-
tion group. This study has been reviewed and approved 
by the Ethics Committee of Hangzhou City University.

General information collection
The general information of the subjects was collected 
with a questionnaire that included age, sex, BMI, medi-
cation, hormones used (such as glucocorticoids for 
immune system diseases, thyroid hormones for hypo-
thyroidism, and sex hormones), eating habits, exer-
cise frequency, hair washing frequency, hair treatment 
(perm and/or dye), vaccine producer, self-reported 
local adverse events (such as induration, itching, pain, 
redness, swelling), and self-reported systemic adverse 
events (such as anorexia, constipation, coughing, diar-
rhea, dyspnoea, fatigue, headache, nausea, vomiting) 
(Guo et al. 2021).

Psychological stress assessment
The Chinese College Student Psychological Stress Scale 
(CCSPSS) is organized and compiled by the Mental 
Health Assessment System research group for College 
Students of the Ministry of Education of China. It is 
designed for Chinese college students to assess their 
social and cultural characteristics with high reliability 

Fig. 1. Illustrative diagram 
of hair sample 
collection with two 
1.5 cm hair segments 
in vaccinated and 
unvaccinated groups. 
Segment A: hair 
segments older or 
six weeks before the 
first dose of vaccine. 
Segment B: hair 
segments newer or six 
weeks after the last 
dose of vaccine.
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and validity (Liang Baoyong 2005). The scale aims 
to evaluate the level of psychological stress of college 
students from five dimensions: study, life, development, 
social interaction, and family, with a total of 85 items. 
Participants were asked to report life events and daily 
chores they experienced over some time and to evaluate 
their "psychological impact." Participants were asked 
to evaluate the degree of each event according to the 
intensity and duration of the psychological impact, 
which was divided into seven grades from minimum 
to maximum, scoring 1 to 7. The sum of these scores 
was calculated as the total psychological stress score.

Hair sample collection and laboratory procedures
A total of 80-100 hairs were obtained from the occip-
ital region, as close to the scalp as possible. The root 
segments of the hair were marked with adhesive tape 
and stored in envelopes at room temperature. Hair 
samples were washed with isopropyl alcohol for 2 min 
and dried at room temperature for 2 days. Considering 
an average hair growth rate of 1 cm per month, the 
hair samples were divided into 6-week growth sections 
before (segment A) and after (segment B) vaccination 
using scissors and weighed (Fig 1). In the unvaccinated 
group, two sections of hair samples of 1.5 cm each were 
clipped accordingly (Segment A: older and Segment 
B: newer), and the interval distance was calculated 
according to the average interval time of the vacci-
nated group. Since the average interval time between 
two injections of the vaccinated group was 30.2 days, 
the interval distance of the unvaccinated group was 
set at 1.0 cm (Fig. 1). Subsequently, hair samples were 
cut into pieces and cryogenically rotated in 1.5 ml 
of  methanol for 24 hours for cortisol extraction. The 
supernatant was collected after centrifugation and the 
methanol was evaporated. When the samples were 
completely dry, pH 7.4 phosphate-buffered saline (PBS) 
at a ratio of 1:10 was added. Hair cortisol concentrations 
(HCCs) was determined using a commercially available 
chemiluminescence immunoassay kit (IBL-Hamburg, 
Germany). The cortisol concentration was calculated 
according to the standard curve and expressed in pg/mg.

Data analysis
SPSS 22.0 was used for statistical analysis. Results are 
presented as mean (M) ± standard deviation (SD) for 
continuous variables according to the data distribution. 
Each independent variable was analyzed separately. 
Pearson correlation analysis was used for continuous 
variables and ANOVA was used for categorical variables 
to compare the differences between groups. Factors 
influencing HCCs were analyzed using univariate 
logistic regression.

RESULTS
Sociodemographic characteristics of the samples
The sociodemographic characteristics of the study 
sample are presented in Table 1. From the information 
provided in the questionnaires, we collected the general 
characteristics of the final sample of participants, 
including health status, medical history, current medi-
cation, and lifestyle habits. The CCSPSS scores have 
also been reported. 

COVID-19 vaccination and hair cortisol concentration
Table 2 shows HCCs of college students in vaccinated 
and unvaccinated groups before (segment A) and 
after (segment B) vaccination. Variations in HCCs 
were calculated as ΔHCC (HCCseg. B - HCCseg. A). In 
the comparison between vaccinated and unvaccinated 
groups, the HCCs of the unvaccinated group, whether 
in Segment A or Segment B, were higher than those of 
the vaccinated group (p < 0.05), suggesting that students 
who did not receive vaccination had a higher level of 
stress. In addition, it was observed that the unvacci-
nated group had significantly lower HCCs in segment 
B compared with segment A (p < 0.05), while the vacci-
nated group had higher HCCs in segment B (p < 0.05). 
These different changes had a direct impact on ΔHCC 
value. Compared with the unvaccinated groups, the 
ΔHCC of vaccinated groups increased significantly (p 
< 0.05). 

Pearson correlation analysis was carried out to deter-
mine the possible impact factors of ΔHCC before and 
after vaccination. Analysis of variance (ANOVA) was 
used to compare the differences between the groups 

Tab. 2. Hair cortisol concentration and COVID-19 vaccination in the studied population

Group
Vaccinated group Unvaccinated group

Whole sample Male Female Whole sample Male Female

Sample (n) 57 19 38 57 28 29

HCC (pg/mg)

Seg. A 52.83±6.07# 52.94±5.97 52.80±6.07 57.03±3.68 57.53±4.30 56.81±3.02

Seg. B 53.71±5.18*# 53.67±5.50* 53.81±4.86* 56.20±3.13* 56.71±3.28* 55.97±3.14*

ΔHCC 0.88±0.96## 0.73±0.94# 1.01±0.75## -0.83±0.77 -0.82±0.71 -0.84±0.92

Note: HCC: hair cortisol concentration. Data are shown as M ± SD; *p < 0.05, HCCs of segment B vs. segment A; #p < 0.05, ##p < 0.01, HCCs or 
ΔHCC of vaccinated group vs. unvaccinated group at same gender.
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of  various variables. The results showed a signifi-
cant difference between the groups with and without 
COVID-19 vaccination (p = 0.017). However, other 
factors, such as age (p = 0.63), BMI (p = 0.79), CCSPSS 
score (p = 0.17), gender (p = 0.15), hormone used 
(p = 0.29), diet (p = 0.61), exercise frequency (p = 0.55), 
hair washing frequency (p = 0.42), and hair treatment 
(p = 0.51), did not significantly affect ΔHCC (Table 1).

To further investigate the influence of the COVID-19 
vaccination on ΔHCC, we established a univariate 
logistic regression model. The data from the logistic 
regression model are summarised in Table 3. The 
model showed that COVID-19 vaccination was an 
independent influencing factor associated with ΔHCC 
(p < 0.05) with a positive correlation (B = 0.743).

Adverse events and hair cortisol concentration
In the analysis of changes in hair cortisol concentra-
tion in the vaccinated group (Table 4), the number 
of  self-reported systemic adverse events (for example, 
anorexia, constipation, coughing, diarrhea, fever, 
and fatigue) was significantly correlated with ΔHCC 
(p < 0.005). However, no evidence showed that ΔHCC 
was associated with the number of local adverse events 
(for example, induration, itching, pain, redness, and 
swelling) or the vaccine producer (Beijing Kexing 
Zhongwei Biotech Co., LTD., Beijing Institute 
of Biological Products Co., LTD.).

DISCUSSION
During the COVID-19 pandemic, there has been 
a significant negative impact on the mental and phys-
ical health status of the general population (Rajkumar 

2020; Salari et al. 2020). At the same time, the imple-
mentations of the lockdown and travel restriction 
policies might affect the stress level in the body (Droit-
Volet et al. 2020; Rehman et al. 2022). Chronic stress 
levels can be assessed by measuring cortisol in the 
hair. So far, quite a few studies have been conducted 
comparing the changes in HCC before and after a wave 
of COVID-19 pandemic (O'Byrne et al. 2020; Ibar 
et al. 2021; Rajcani et al. 2021b; Rajcani et al. 2021a; 
Hastings et al. 2021; Perry et al. 2022). However, no 
study has reported whether COVID-19 vaccination is 
associated with the changes in HCC reflecting stress 
levels in the body.

In the present study, the difference in HCC levels 
between vaccinated and unvaccinated groups of college 
students was compared and the change in HCC levels 
before and after COVID-19 vaccination was deter-
mined. The results showed that the hair cortisol concen-
tration of college students who chose not to receive 
a  COVID-19 vaccine during the corresponding time 
course was higher than that of the vaccinated group, 
indicating a higher level of chronic stress in unvacci-
nated students. To our knowledge, this is the first study 
to compare HCC as a stress biomarker between vacci-
nated and unvaccinated college students. We speculate 
that students who chose not to be vaccinated despite 
the fact that most people around them chose to be 
vaccinated might have a strong sense of psychological 
insecurity, and they were the people who bear greater 
psychological pressure during the pandemic, resulting 
in relatively higher stress levels. 

Furthermore, we found that the HCC of segment 
B was lower than that of segment A in the unvac-
cinated group, which may be due to increased stress 

Tab. 3. Univariate logistic regression analysis of factors associated with ΔHCC

Predictor B B95% CI SE B β t p value

constant -0.569 [-1.088,-0.049] 0.247 -2.209 0.031

vaccination 0.743 [0.125,1.387] 0.310 0.359 2.413 0.020

Tab. 4. Correlation between ΔHCC and adverse reactions and vaccine producer

Vaccinated group (n = 57) Frequency (n) p value

Numbers of Self-reported local adverse events
0
1
2 

32
23
2

0.804

Numbers of Self-reported systemic adverse events
0
1
2
3
4

26
22
2
4
3

0.004

Vaccine Producer (Inactivated COVID-19 vaccine) 
Sinovac Life Sciences, Beijing
Beijing Institute of Biological Products

31
26

0.567
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level of  the students at the beginning of the semester 
(February 2021 or September 2022 indicated by 
segments A). In the middle period of the semester 
(May 2021 and December 2022 indicated by segments 
B), as students adapted to campus life, the stress level 
and cortisol concentration decreased. School-related 
stressors may affect students’ well-being and signifi-
cantly impact their physiological and psychological 
health (Schmid-Zalaudek et al. 2021). Stetler and 
colleagues have reported that cortisol levels in hair 
samples of 56 undergraduates were significantly higher 
during the academic term compared to the summer 
break (Stetler & Guinn. 2020). Our findings suggest 
that school-related stressors are greater at the begin-
ning of the semester, and then decrease gradually due 
to adaptation to campus life. 

On the contrary, we found that the HCC of segment 
B was significantly higher than that of segment A in 
the vaccinated group, indicating an increased stress 
level of  the students after they received vaccination. 
To determine why HCCs in the vaccinated group 
increased, we conducted a Pearson correlation anal-
ysis on the possible impact factors. It was found that 
COVID-19 vaccination, but not age, gender, BMI, 
CCSPSS score, hormone used, exercise frequency, hair 
washing frequency, or hair treatment, had a significant 
effect on the changes in HCC in college students. 

It is noteworthy that CCSPSS contains a large 
number of life events that may occur in a specific 
period, which can be considered to reflect the psycho-
logical stress levels of the subjects. In this study, there 
was no significant correlation between the CCSPSS 
score and ΔHCC, excluding the impact of psycho-
logical stress caused by life events. Of the variables 
mentioned above, COVID-19 vaccination was the only 
factor that had an impact. This was further confirmed 
by univariate logistic regression analysis. Univariate 
analysis revealed that vaccination was significantly 
correlated with ΔHCC, suggesting that vaccination was 
an independent factor affecting ΔHCC.

Thus, excluding other possible impact factors, 
changes in the HCC of college students were likely 
caused by COVID-19 vaccination alone. The change in 
stress level reflected by ΔHCC was caused by psycho-
logical stress after the injections, which might be 
related to nervousness, anxiety, panic, and others. This 
could also be a physiological stress response caused by 
the inactivated vaccine itself. In the vaccinated group, 
one unanticipated result was that the degree of change 
in HCC was found to be significantly associated with 
the number of self-reported systemic adverse reactions. 
However, no differences were observed between ΔHCC 
and the number of self-reported local adverse reac-
tions or vaccine producers. These results indicate that 
COVID-19 vaccination causes physiological stimula-
tion in the participants at the level of stress. However, 
whether the HPA axis and chronic stress are involved 
in the occurrence of adverse reactions after vaccination 

remains unclear. In addition, it should be noted that 
although the HCC of segment B increased compared 
to that of segment A in the vaccinated group, it was 
still much lower than that of the unvaccinated group. 
This suggests that the change in chronic stress caused 
by COVID-19 vaccination is far from causing stressful 
diseases; thus, it is safe.

Our results were supported by an online survey from 
January to April 2021 in China designed to  explore 
stress levels related to COVID-19 vaccination. The 
authors found higher stress scores were associated 
with COVID-19 vaccination in younger partici-
pants, having lower education levels, having a history 
of  chronic diseases, mistrusting vaccine efficacy, and 
experiencing of vaccine allergy events (Zheng et al. 
2021). Interestingly, a recent study in Jordan found 
that the anxiety and stress caused by vaccination were 
related to the psychological state of respondents before 
vaccination. Individuals with normal levels of anxiety 
before vaccination experienced a significant rise in 
anxiety and stress symptoms after they received their 
first dose of the COVID-19 vaccine. On the contrary, 
anxiety significantly dropped after vaccination among 
anxious individuals (Al-Amer et al. 2022).

This study had some limitations. First of all, we 
could not recruit more volunteers to provide stronger 
evidence of our findings. Due to the limitations in the 
number of research participants and sample size, it 
cannot be concluded that the COVID-19 vaccination 
has caused widespread changes in stress levels in the 
whole population. Its impact on the level of stress over 
a wider range needs to be studied further. In addition, 
this study only accounted for the number of adverse 
events reported by the participants themselves and did 
not measure the specific types and the degree of adverse 
reactions, which might have affected the accuracy 
of the evaluation of adverse reactions after vaccination. 
Therefore, whether the changes in HCC values reported 
by us had clinical significance needs to be investigated 
more accurately in the later stage. Moreover, psychi-
atric disorders such as anxiety or depression, and other 
confounding variables like zinc and vitamin supple-
ments were not measured among the participants, 
which might also affect cortisol levels before and after 
the vaccination period. Finally, the literature showed 
that there are seasonal variation levels that affect serum 
cortisol (Hadlow NC et al. 2014). Because our samples 
were collected over four seasons, they might not be 
appropriate to reflect seasonal variation.

CONCLUSION
Unvaccinated college students had higher levels of HCC, 
reflecting higher levels of chronic stress. However, the 
COVID-19 vaccination in vaccinated students can also 
affect HCC levels and is associated with self-reported 
systemic adverse reactions. Therefore, it is important 
to conduct a thorough analysis of stress levels in the 
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population after vaccination, as well as a comprehensive 
study of potential adverse effects, to alleviate concerns 
about vaccine safety. This would be a critical step in 
managing pandemics. 
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