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Abstract

Background: Many studies have reported irregular menstruation in women of childbearing age after vaccination or infection with severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2). However, no studies have discussed the changes in menstrual patterns after
reinfection with SARS-CoV-2 after vaccination. This study aimed to evaluate the effect of SARS-CoV-2 infection on menstruation in
vaccinated and unvaccinated women of reproductive age. Methods: This retrospective study analysed the menstrual data of 241 women
of childbearing age. Between December 8th, 2022 and February 11th, 2023, 201 participants were diagnosed with SARS-Co V-2 infection
(observation group), while 40 remained uninfected (control group). The Chi-square test and Fisher’s exact test were used to assess
menstrual irregularities among the participants. Logistic regression analysis was performed to determine the factors influencing menstrual
patterns. Results: Among the 241 women who completed the survey, approximately one-third experienced changes in their menstrual
patterns, including a shortened cycle (30.3%), a prolonged duration (13%), a decreased volume (24.9%), and increased dysmenorrhea
(9.9%). Over half of the infected women did not experience any changes in their menstrual pattern. Only changes in the menstrual
volume were statistically significant (p = 0.003). Logistic regression revealed that vaccination may be a protective factor against changes
in the menstrual cycle (p = 0.036, odds ratio (OR) = 0.703, 95% confidence interval (95% CI): 0.506—0.977) and volume (p = 0.032, OR
=10.700, 95% CI: 0.505-0.969) after SARS-CoV-2 infection. Conclusions: SARS-CoV-2 infection did not appear to affect menstruation
in vaccinated women. There were no significant changes in menstrual patterns except for menstrual cycle in women infected with SARS-
CoV-2 after coronavirus disease 2019 (COVID-19) vaccination. In addition, vaccination seems to be a protective factor against changes
in the menstrual cycle and volume after SARS-CoV-2 infection.
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1. Introduction tility. Previous studies have suggested that many women
experience altered menstrual cycles after coronavirus dis-

Towards the end of 201 9’ severe acute respiratory syn- ease 2019 (COVID- 1 9) infection or vaccination. Patients

drome coronavirus 2 (SARS-CoV-2) caused an unprece-
dented global pandemic, leading to a public health crisis.
The pandemic caused >45 million confirmed cases and 6
million deaths worldwide. By the end of 2021, the World
Health Organization identified a new variant of concern
(VOC), named the “Omicron” variant [1]. The Omicron
variant is particularly notable for its extremely high trans-
missibility and evasive characteristics [2]. Since December
8th, 2022, China has experienced a rapid surge of infec-
tions. A population-based observational study by Sun et al.
[3] revealed that a sharp increase in the number of SARS-
CoV-2 infections was reported among people aged 30-50
years, 40% of which were diagnosed in women, indicating
that women of childbearing age are at high risk of infec-
tion. Women with SARS-CoV-2 infection are more likely
to experience irregular menstruation, dysmenorrhea, amen-
orrhea, and other menstrual abnormalities than are those
who are not infected [4]. Menstruation is dynamic and pe-
riodic, and regular menstruation is a sign of health and fer-

with COVID-19 have been reported to experience multiple
systemic complications, such as respiratory, cardiovascu-
lar, digestive, immune, and reproductive problems [5-8]. A
review by Nazir provided evidence that women who receive
COVID-19 vaccines may experience menstrual abnormal-
ities, including but not limited to menorrhagia, metrorrha-
gia, and polymenorrhea [9]. It is unclear whether SARS-
CoV-2 can be detected in the female reproductive system.
Moreover, chronic inflammation caused by SARS-CoV-2
poses a high risk to the reproductive system, damaging re-
productive structure and function in women [10,11]. Thus,
SARS-CoV-2 infection may have an impact on the repro-
ductive health of women, leading to changes in the duration
of the menstrual cycle [12]. Inconsistent findings have been
reported regarding changes in the menstrual cycle due to
COVID-19 infection or vaccination [13—17], and this topic
remains controversial. Therefore, this study aimed to inves-
tigate the effect of SARS-CoV-2 infection after vaccination
on menstruation in women.
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Table 1. Clinical characteristics and demographics of the study population.

Parameter Infected, N=201  Uninfected, N =40 p-value
Age, years 0.646
<20 2 (1.0%) 0 (0.0%)
20-25 14 (7.0%) 4 (10.0%)
26-30 36 (17.9%) 11 (27.5%)
31-35 48 (23.9%) 5(12.5%)
3640 45 (22.4%) 7 (17.5%)
41-45 34 (16.9%) 10 (25%)
>45 22 (10.9%) 3(7.5%)
Age at menarche, years 0.207
11 5 1
12 37 6
13 49 20
14 57 5
15 26 3
16 22 2
17 5 1
18 8
BMI category, kg/m? 0.078
Low weight (BMI <18) 9 (4.5%) 2 (5.0%)
Normal (18~25) 170 (84.6%) 26 (65.0%)
Overweight (25~30) 7 (3.5%) 5(17.5%)
Obesity (BMI >30) 15 (7.5%) 7 (12.5%)
Sleep duration 0.802
<35h 3 (1.5%) 1(2.5%)
51~6h 18 (9.0%) 4 (10.0%)
6.1~7h 85 (42.3%) 15 (37.5%)
7.1~8 h 71 (35.3%) 14 (35.0%)
>8h 24 (11.9%) 6 (15.0%)
Occupation 0.644
Unemployment 4 (2.0%) 2 (5.0%)
Service 8 (4.0%) 1(2.5%)
Self-employed 4 (2.0%) 1 (2.5%)
Civil servant 12 (6.0%) 2 (5.0%)
Internet professional 3 (1.5%) 0 (0.0%)
Teacher 19 (9.5%) 3 (7.5%)
Financier 6 (3.0%) 0 (0.0%)
Peasant 1 (0.5%) 3(7.5%)
Salesperson 16 (8.0%) 3(7.5%)
Student 12 (6.0%) 3(7.5%)
Staff 11 (5.5%) 3(7.5%)
Manual worker 3 (1.5%) 0(0.0%)
Researcher 57 (28.4) 8 (20%)
Cultural worker 3 (1.5%) 0 (0.0%)
Others 42 (20.9) 12 (30%)
Pre-SARS-CoV-2 infection menstruation cycle 0.311
<21 3 (1.5%) 2 (5.0%)
21-27 52 (25.9%) 14 (35%)
28-35 132 (65.7%) 23 (57.5%)
36-60 8 (4.0%) 1(2.5%)
61-90 6 (3.0%) 0 (0.0%)
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Table 1. Continued.

Parameter Infected, N =201  Uninfected, N=40 p-value
Pre-SARS-CoV-2 infection menstruation duration 0.389

2-4 38 (18.9%) 9 (22.5%)

5-7 141 (70.1%) 26 (65.0%)

8-10 22 (10.9%) 5(17.5%)
Pre-SARS-CoV-2 infection menstrual volume 0.604

Normal 125 (62.2%) 24 (60.0%)

Light volume 44 (21.9%) 10 (25.0%)

Heavy volume 32 (15.9%) 6 (15.0%)
Pre-SARS-CoV-2 infection dysmenorrhea 0.763

No 131 (65.2%) 31 (87.0%)

Yes 70 (34.8%) 9 (22.5%)
Vaccination 0.963

Zero-shot 7 (3.5%) 2 (5.0%)

One-shot 7 (3.5%) 1(2.5%)

Two-shot 30 (14.9%) 6 (15.0%)

Three-shot 132 (65.7%) 27 (67.5%)

Four-shot 25 (12.4%) 4 (10.0%)
Post-SARS-CoV-2 infection menstrual cycle 0.003

Unchanged 126 (62.7%) 29 (72.5%)

Menelipsis 14 (7.0%) 3(7.5%)

Shorten 61 (30.3%) 8 (20.0%)
Post-SARS-CoV-2 infection menstrual frequency 0.237

Unchanged 126 (62.7%) 29 (72.5%)

Changed 75 (37.3%) 11 (27.5%)
Post-SARS-CoV-2 infection menstrual duration 0.682

Unchanged 154 (76.6%) 33 (82.5%)

Shortened 21 (10.4%) 4 (10.0%)

Prolonged 26 (13.0%) 3 (7.5%)
Post-SARS-CoV-2 infection menstrual volume 0.192

Normal 131 (65.2%) 29 (72.5%)

Light volume 50 (24.9%) 5(12.5%)

Heavy volume 20 (9.9%) 6 (15.0%)
Post-SARS-CoV-2 infection dysmenorrhea 0.718

Unchanged 169 (84.1%) 35 (87.5%)

Increased 17 (9.9%) 2 (5.0%)

Decreased 12 (6.0%) 3(7.5%)

N, number; BMI, body mass index; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

2. Materials and Methods
2.1 Participants

This monocentric retrospective study was conducted
on women of childbearing age (aged 1850 years) who
were hospitalized at the Family Planning Clinic of Xia-
men Maternity and Child Care Hospital (Xiamen, China)
between December 8th, 2022, and February 11th, 2023.
The exclusion criteria were pregnancy or lactation (in the
last 6 months), early menopause or premature ovarian
failure, previous hysterectomy or oophorectomy, use of
hormonal contraception (oral contraceptive, hormonal in-
trauterine device, or etonogestrel implants), and hypothy-
roidism. Ultimately, 241 patients vaccinated with the
Sinopharm COVID-19 vaccine (Beijing Institute of Biolog-
ical Products Co., Ltd., Beijing, China) were enrolled, of
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whom 201 were infected (observation group) and 40 were
not (control group). In this survey, we asked women of
childbearing age who had received COVID-19 vaccination
for information on the characteristics of their menstrual cy-
cles before and after SARS-CoV-2 infection between Jan-
uary and March 2023. All women voluntarily completed
the survey and provided written informed consent to partic-
ipate in the study. The confidentiality of sensitive data was
assured.

2.2 Measures

The primary objective was to evaluate menstrual
changes after SARS-CoV-2 infection in vaccinated and un-
vaccinated women of childbearing age. We also evalu-
ated alterations in sleep duration after SARS-CoV-2 infec-
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tion. The participants were asked about their age, weight,
height, reproductive history, vaccination status, and vacci-
nation date (received the vaccine, completed one to four
doses). All the data were collected during the clinic visit.
Characteristics of the menstrual cycle, including the fre-
quency, regularity, duration, and volume, were collected.
Menstrual abnormalities were defined based on previous lit-
erature [ 18] and compared to the average of the last 6 cycles
in the same patient before infection, which was defined as
either a prolonged or a shortened menstrual cycle or period.

2.3 Statistical Analysis

All the statistical analyses were performed using SPSS
Statistics for Windows (version 26.0; IBM Corp., Armonk,
NY, USA). Descriptive statistics are presented as frequen-
cies (percentages) for categorical and continuous variables,
and the collected data were analysed using the Fisher’s
exact test, and binary logistic regression using the SPSS
program. Pearson’s Chi-square test was used to compare
menstrual frequency between infected women (observation
group) and uninfected women (control group) after Decem-
ber 8th, 2022. Binary logistic regression models were used
to analyse the risk factors. Statistical significance was set
atp < 0.05.

3. Results

3.1 Clinical Characteristics of Women of Childbearing
Age included

In total, 201 women of childbearing age with con-
firmed SARS-CoV-2 infection and 40 women of childbear-
ing age without SARS-CoV-2 infection were included. The
study was conducted on patients aged 18—50 years, and their
clinical characteristics are shown in Table 1. There were
no significant differences between the groups regarding so-
ciodemographic or clinical variables, including age, body
mass index, sleep duration, profession, or age at first menar-
che (p > 0.05).

3.2 Effect of Previous SARS-CoV-2 Infection on the
Menstrual Cycle, Menstruation Duration, Menstrual
Volume, and Dysmenorrhea Status

The menstrual cycle distribution of the 241 patients
is shown in Table 1. There were 3 (1.5%) patients in the
observation group and 2 (5%) patients in the control group
with cycles shorter than 21 days. A total of 52 (25.9%) and
14 patients (35%) in the observation and control groups, re-
spectively, had cycles lasting between 21 and 27 days. A
total of 132 (65.7%) and 23 (57.5%) patients in the obser-
vation and control groups, respectively, had cycles lasting
between 28 and 35 days. Fourteen (7%) participants in the
observation group had cycles longer than 36 days, while one
(2.5%) participant in the control group had cycles longer
than 36 days. Further statistical analysis revealed no sig-
nificant difference between the groups (p = 0.311).

Among the participants who reported a menstrual pe-
riod in the baseline survey, in the observation group, 38 par-
ticipants (18.9%) had a menstrual period lasting 2—4 days,
141 (70.1%) had a period lasting 5—7 days, and 22 (10.9%)
had a period lasting 8-10 days; in the control group, 9
(22.5%) participants had a menstrual period lasting 2—4
days, 26 (65%) had a period lasting 5—7 days, and 5 (17.5%)
had a period lasting 8—10 days (p = 0.389).

Among the participants in the observation group, 125
(62.2%) had a normal menstrual volume, 44 (21.9%) had a
light menstrual volume, and 32 (15.9%) had a heavy men-
strual volume. However, 24 (60%) patients in the control
group had a normal menstrual volume, 10 (25%) had a light
menstrual volume, and 6 (15%) had a heavy menstrual vol-
ume.

Dysmenorrhea typically significantly reduces
women’s quality of life and was included in this study as
an observational indicator. In total, 131 (65.2%) patients
in the observation group did not experience dysmenor-
rhea, whereas 70 (34.8%) did. Moreover, 31 (77.5%)
participants in the control group did not experience
dysmenorrhea, whereas 9 (22.5%) did.

3.3 Patients with SARS-CoV-2 Infection Experienced
Changes in their Menstrual Cycles

The menstrual cycle distribution of the 40 uninfected
participants (control group) is shown in Table 1. There were
29 (72.5%) participants with unchanged menstrual cycles,
8 (20%) with a shorter menstrual cycle than before SARS-
CoV-2 Infection infection, and 3 (7.5%) experienced amen-
orrhoea.

We found that 126 (62.7%) infected patients (obser-
vation group) had no change in their menstrual cycles, 14
(7%) experienced amenorrhoea, and 61 (20.3%) had short-
ened cycles (Table 1). Further statistical analysis revealed
a significant difference between the groups (p = 0.003).

3.4 Patients with SARS-CoV-2 Infection had Unchanged
Menstrual Volumes

A total of 241 patients were included in the men-
strual analysis because they had complete data on their men-
strual histories available in the database. Among the control
group, 29 (72.5%) patients had no change in menstrual vol-
ume, 5 (12.5%) had a decrease in menstrual volume, and
only 6 (15%) had an increase in menstrual volume.

The distribution of the menstrual volume of infected
patients (observation group) is shown in Table 1. A total
of 131 (65.2%) patients had no change in menstrual vol-
ume, 50 (24.9%) had a decreased menstrual volume, and
20 (9.9%) had an increased menstrual volume, which was
consistent with the findings in the uninfected population.
Further statistical analysis revealed no significant differ-
ences between the observation and control groups in terms
of menstrual volume changes (p = 0.192).
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(A)

Menstrual cycle change after SARS-CoV-2 infection OR(95%CI)

SARS-CoV-2i
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Vaccine=]

Sleep duration—

Age—

(©)
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Menstrual duration change after SARS-CoV-2 infection OR(95%CI)

SARS-CoV-2 infected
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D

L

1.450(0.597~3.521)

1.033(0.830~1.285)
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1.124(0.900~1.405)

P
0.235

0.059

0.036

0.301

0.422

0.412

0.772
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0.360
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Menstrual volume change after SARS-CoV-2 infection OR(95%CI)
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Vaccine=|

Sleep duration—|
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(D)

1.451(0.676~3.114)

0.956(0.785~1.164)

0.700(0.505~0.969)

0.836(0.614~1.139)

1.031(0.849~1.253)

Dysmenorrhea change after SARS-CoV-2 infection  OR(95%C})

SARS-CoV-2 infected

Age at menarche |

Vaccine

Sleep duration]

Age

1.368(0.491~3.818)

0.998(0.760~1.312)

0.998(0.655~1.521)

0.791(0.526~1.189)

0.714(0.550~0.929)

P
0.340

0.652

0.032

0.256

0.756

P
0.549

0.990

0.994

0.259

0.012

Fig. 1. Logistic regression analysis of the factors influencing menstrual patterns. (A) Menstrual cycle. (B) Menstrual volume. (C)
Menstrual duration. (D) Dysmenorrhea. OR, odds ratio; 95% CI, 95% confidence interval.

3.5 Patients with SARS-CoV-2 Infection Showed no
Changes in Dysmenorrhea

The distribution of dysmenorrhea among infected pa-
tients (observation group) is shown in Table 1. The degree
of pain was unchanged in 169 patients (84.1%), alleviated
in 12 patients (6%), and aggravated in 17 patients (9.9%).
There was no significant difference in the degree of dys-
menorrhea between the observation and control groups (p
=0.718).

3.6 Binary Logistic Regression Analysis of the Factors
Influencing Menstrual Patterns

Multivariate logistic regression analysis was per-
formed to assess the effects of age, daily sleep duration,
vaccination status, age at first menarche, and SARS-CoV-
2 infection on menstrual patterns (Fig. 1). Vaccination (p
= 0.036, odds ratio [OR] = 0.703, 95% confidence inter-
val [95% CI]: 0.506—0.977) was found to be a significant
predictor of menstrual cycle alterations after SARS-CoV-2
infection (Fig. 1A). Vaccination (p = 0.032, OR = 0.700,
95% CI: 0.505-0.969) was also a significant predictor of
menstrual volume after SARS-CoV-2 infection (Fig. 1B).
No predictors were found regarding menstrual duration or
dysmenorrhea changes (Fig. 1C,D). In addition, age (p =
0.012, OR = 0.714, 95% CI: 0.550-0.926) was a signifi-
cant predictor of changes in menstrual dysmenorrhea after
SARS-CoV-2 infection (Fig. 1D).

4. Discussion

In the present study, approximately two-thirds of the
participants did not experience changes in their menstrual
status. However, at least one of the four parameters in-
dicated an abnormal menstrual status after December 8th,
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2022, confirming the presence of changes. The female re-
productive system is susceptible to known viruses, such as
herpes simplex virus (HSV-2), human immunodeficiency
virus (HIV), hepatitis B (HBV) and C (HCV) viruses, and
Zika virus [19-21]. Studies have revealed that SARS-CoV-
2 uses angiotensin-converting enzyme (ACE)-2 cell recep-
tors to enter target cells, similar to HSV-2, HIV, HBYV,
HCYV, and Zika virus, since ACE-2 is present in the respira-
tory tract and different organs, including the ovaries, uterus,
and vagina [22-24]. Many studies have linked COVID-19
infection and vaccination to changes in the menstrual cycle
[25-29]. Furthermore, COVID-19 infection has been re-
ported to alter the menstrual cycle regardless of vaccination
status [30]. However, no previous study has specifically ex-
amined menstrual pattern changes in women infected with
SARS-CoV-2 after vaccination.

In our study, approximately 37.3% of the childbear-
ing women infected with SARS-CoV-2 after vaccination
experienced irregular menstrual cycles. Analysis of men-
strual changes in infected patients revealed varying degrees
of transient changes, including shortened cycles and de-
creased volume. Irregular cycles and increased volume
were also observed in a few participants in the control
group. When studying the effect of COVID-19 infection
on menstrual patterns, several factors related to the pan-
demic, such as stress, vaccinations, and COVID-19 infec-
tion, must be considered. A high stress level is associated
with menstrual irregularities. Since the COVID-19 pan-
demic changed people’s lives in many ways (e.g., by chang-
ing occupation status or affecting sleep duration), it has be-
come a stressor that many researchers believe can affect
the menstrual cycle. After vaccination, the greatest per-
centage of alterations were observed in menstrual volume
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and amenorrhea [18]. The body produces an immune re-
sponse after COVID-19 vaccination, which results in the
emergence of immunological memory. When first exposed
to SARS-CoV-2, the body’s immune response is muted or
nonexistent. The immune response following SARS-CoV-
2 infection, such as that resulting from COVID-19 vaccina-
tion, could affect the hypothalamic—pituitary—ovarian axis.
During the pandemic, while the menstrual cycles of most
women infected with SARS-CoV-2 after COVID-19 vacci-
nation remained unaffected, those of women who experi-
enced anxiety, stress, and depression showed changes. In
addition, our data showed that the proportion of individu-
als with no change in dysmenorrhea among women infected
with SARS-CoV-2 after vaccination (84.1%) was approxi-
mately the same as that among women who were not in-
fected with SARS-CoV-2 after vaccination (87.5%). There
were no significant changes in menstrual patterns except for
the menstrual cycle in women infected with SARS-CoV-2
after COVID-19 vaccination. Logistic regression revealed
that vaccination may be a protective factor against changes
in the menstrual cycle and volume after COVID-19 infec-
tion.

The COVID-19 pandemic has been the subject of re-
search and articles over the past 3 years [31]. Women’s
health issues during the COVID-19 pandemic deserve pub-
lic attention. In particular, alterations in women’s menstrual
patterns affect their quality of life; thus, it is important to
study this topic in depth. It is essential to understand and
explain the impact of SARS-CoV-2 infection on women’s
health after vaccination to guide postpandemic menstrual
health recovery among women.

Strengths and Limitations

Although the study had the limitation of having a small
sample size, it had several strengths. To date, no study
has investigated menstrual pattern issues related to women
infected with SARS-CoV-2 after COVID-19 vaccination.
This study suggested that COVID-19 infection does not af-
fect short-term menstrual patterns among women of child-
bearing age who have received the COVID-19 vaccine.
Since only the cycles before and after COVID-19 infection
were investigated, whether the lack of change in the cycles
is long-term cannot be determined based on this study. This
study has certain limitations. First, it is impossible to infer
causality from the results because of its cross-sectional de-
sign. Second, the number of participants involved in the
data collection was limited, which limits the generalizabil-
ity of the results.

5. Conclusions

SARS-CoV-2 infection does not appear to affect men-
struation in vaccinated women. There were no significant
changes in menstrual patterns except for the menstrual cy-
cle in women infected with SARS-CoV-2 after COVID-19
vaccination. Vaccination seems to be a protective factor

against changes in the menstrual cycle and volume after
SARS-CoV-2 infection.

Availability of Data and Materials

The datasets used and/or analysed during the current
study are available from the corresponding author upon rea-
sonable request.

Author Contributions

RS, WW, and JA designed the study, analysed the
data, and wrote the paper. JL and HD collected all
the raw data. JA and WW read and approved the final
manuscript. All authors contributed to editorial changes
in the manuscript. All authors read and approved the fi-
nal manuscript. All authors have participated sufficiently
in the work and agreed to be accountable for all aspects of
the work.

Ethics Approval and Consent to Participate

The study was conducted according to the guidelines
of the Declaration of Helsinki and this study was reviewed
and approved by the Research Ethics Committee of Women
and Children’s Hospital, School of Medicine, Xiamen Uni-
versity (KY-2023-144-K01; Nov. 28th, 2023). Before we
distributed the questionnaires, we assured the participants
that the questionnaire would be used for academic research,
that their personal information would be kept confidential,
and that they could withdraw from the study at any stage.
Moreover, the participants signed informed consent forms.

Acknowledgment

The authors would like to acknowledge the cooper-
ation of the women of childbearing age after reinfection
with SARS-CoV-2 after vaccination who participated in
this study and express their gratitude for the valuable con-
tributions of the research assistants.

Funding

This research received no external funding.

Conflict of Interest

The authors declare no conflict of interest.

References

[1] Chenchula S, Karunakaran P, Sharma S, Chavan M. Current
evidence on efficacy of COVID-19 booster dose vaccination
against the Omicron variant: A systematic review. Journal of
Medical Virology. 2022; 94: 2969-2976.

[2] Lu T, Man Q, Yu X, Xia S, Lu L, Jiang S, ef al. Development
and validation of a prognostic model based on immune variables
to early predict severe cases of SARS-CoV-2 Omicron variant
infection. Frontiers in Immunology. 2023; 14: 1157892.

[3] Sun K, Chen J, Viboud C. Early epidemiological analysis of
the coronavirus disease 2019 outbreak based on crowdsourced
data: a population-level observational study. The Lancet. Digi-
tal Health. 2020; 2: €201-e208.

&% IMR Press


https://www.imrpress.com

(4]

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Tayyaba Rehan S, Imran L, Mansoor H, Sayyeda Q, Hussain
HU, Cheema MS, et al. Effects of SARS-CoV-2 infection and
COVID-19 pandemic on menstrual health of women: A system-
atic review. Health Science Reports. 2022; 5: e881.

Azevedo RB, Botelho BG, Hollanda JVGD, Ferreira LVL, Jun-
queira de Andrade LZ, Oei SSML, et al. Covid-19 and the car-
diovascular system: a comprehensive review. Journal of Human
Hypertension. 2021; 35: 4-11.

Lei HY, Ding YH, Nie K, Dong YM, Xu JH, Yang ML, et al. Po-
tential effects of SARS-CoV-2 on the gastrointestinal tract and
liver. Biomedicine & Pharmacotherapy = Biomedecine & Phar-
macotherapie. 2021; 133: 111064.

Maghool F, Valiani A, Safari T, Emami MH, Mohammadzadeh
S. Gastrointestinal and renal complications in SARS-CoV-2-
infected patients: Role of immune system. Scandinavian Journal
of Immunology. 2021; 93: €12999.

Liu C, Mu C, Zhang Q, Yang X, Yan H, Jiao H. Effects of Infec-
tion with SARS-CoV-2 on the Male and Female Reproductive
Systems: A Review. Medical Science Monitor: International
Medical Journal of Experimental and Clinical Research. 2021;
27: e930168.

Nazir M, Asghar S, Rathore MA, Shahzad A, Shahid A, Ashraf
Khan A, et al. Menstrual abnormalities after COVID-19 vac-
cines: A systematic review. Vacunas. 2022; 23: S77-S87.
Harbuz MS, Chover-Gonzalez AJ, Jessop DS. Hypothalamo-
pituitary-adrenal axis and chronic immune activation. Annals of
the New York Academy of Sciences. 2003; 992: 99-106.
Kirshenbaum M, Orvieto R. Premature ovarian insufficiency
(POI) and autoimmunity-an update appraisal. Journal of As-
sisted Reproduction and Genetics. 2019; 36: 2207-2215.
Abhari S, Kawwass JF. Endometrial susceptibility to SARS
CoV-2: explained by gene expression across the menstrual cy-
cle? Fertility and Sterility. 2020; 114: 255-256.

Nguyen BT, Pang RD, Nelson AL, Pearson JT, Benhar Nocci-
oli E, Reissner HR, et al. Detecting variations in ovulation and
menstruation during the COVID-19 pandemic, using real-world
mobile app data. PLoS ONE. 2021; 16: e0258314.

Al-Najjar MAA, Al-Alwany RR, Al-Rshoud FM, Abu-Farha
RK, Zawiah M. Menstrual changes following COVID-19 infec-
tion: A cross-sectional study from Jordan and Iraq. PLoS ONE.
2022; 17: ¢0270537.

Muhaidat N, Alshrouf MA, Azzam MI, Karam AM, Al-Nazer
MW, Al-Ani A. Menstrual Symptoms After COVID-19 Vac-
cine: A Cross-Sectional Investigation in the MENA Region. In-
ternational Journal of Women’s Health. 2022; 14: 395-404.
Aolymat I. A Cross-Sectional Study of the Impact of COVID-
19 on Domestic Violence, Menstruation, Genital Tract Health,
and Contraception Use among Women in Jordan. The American
Journal of Tropical Medicine and Hygiene. 2020; 104: 519-525.
Takmaz T, Gundogmus I, Okten SB, Gunduz A. The impact of
COVID-19-related mental health issues on menstrual cycle char-
acteristics of female healthcare providers. The Journal of Obstet-
rics and Gynaecology Research. 2021; 47: 3241-3249.
Rodriguez Quejada L, Toro Wills MF, Martinez-Avila MC,

&% IMR Press

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

Patifio-Aldana AF. Menstrual cycle disturbances after COVID-
19 vaccination. Women’s Health (London, England). 2022; 18:
17455057221109375.

Counotte MJ, Kim CR, Wang J, Bernstein K, Deal CD, Broutet
NJN, et al. Sexual transmission of Zika virus and other fla-
viviruses: A living systematic review. PLoS Medicine. 2018;
15: €1002611.

Keller MJ, Huber A, Espinoza L, Serrano MG, Parikh HI, Buck
GA, et al. Impact of Herpes Simplex Virus Type 2 and Human
Immunodeficiency Virus Dual Infection on Female Genital Tract
Mucosal Immunity and the Vaginal Microbiome. The Journal of
Infectious Diseases. 2019; 220: 852-861.

Kurmanova AM, Kurmanova GM, Lokshin VN. Reproductive
dysfunctions in viral hepatitis. Gynecological Endocrinology:
the Official Journal of the International Society of Gynecologi-
cal Endocrinology. 2016; 32: 37-40.

Zou X, Chen K, Zou J, Han P, Hao J, Han Z. Single-cell RNA-
seq data analysis on the receptor ACE2 expression reveals the
potential risk of different human organs vulnerable to 2019-
nCoV infection. Frontiers of Medicine. 2020; 14: 185-192.
Salamanna F, Maglio M, Landini MP, Fini M. Body Localiza-
tion of ACE-2: On the Trail of the Keyhole of SARS-CoV-2.
Frontiers in Medicine. 2020; 7: 594495.

Jing Y, Run-Qian L, Hao-Ran W, Hao-Ran C, Ya-Bin L, Yang G,
et al. Potential influence of COVID-19/ACE2 on the female re-
productive system. Molecular Human Reproduction. 2020; 26:
367-373.

Alghamdi AN, Alotaibi MI, Alqahtani AS, Al Aboud D, Abdel-
Moneim AS. BNT162b2 and ChAdOx1 SARS-CoV-2 Post-
vaccination Side-Effects Among Saudi Vaccinees. Frontiers in
Medicine. 2021; 8: 760047.

Lee KMN, Junkins EJ, Luo C, Fatima UA, Cox ML, Clancy
KBH. Investigating trends in those who experience menstrual
bleeding changes after SARS-CoV-2 vaccination. Science Ad-
vances. 2022; 8: eabm7201.

Brooks N, Irving SA, Kauffman TL, Vesco KK, Slaughter M,
Smith N, et al. Abnormal uterine bleeding diagnoses and care
following COVID-19 vaccination. American Journal of Obstet-
rics and Gynecology. 2024; 230: 540.e1-540.e13.

Dong J, Ni J, Zhang Z, Yan H, Xu J, Zhao J. The impact of
“long COVID” on menstruation in Chinese female college stu-
dents and the intervention of acupuncture. Medicine. 2024; 103:
e36818.

Granese R, Incognito GG, Gulino FA, Casiraro G, Porcaro P,
Alibrandi A, et al. Effects of SARS-CoV-2 Vaccination on Men-
strual Cycle: An Italian Survey-Based Study. Journal of Clinical
Medicine. 2023; 12: 7699.

Khan SM, Shilen A, Heslin KM, Ishimwe P, Allen AM, Jacobs
ET, et al. SARS-CoV-2 infection and subsequent changes in the
menstrual cycle among participants in the Arizona CoOVHORT
study. American Journal of Obstetrics and Gynecology. 2022;
226: 270-273.

Nielsen MW, Stefanick ML, Peragine D, Neilands TB, loannidis
JPA, Pilote L, et al. Gender-related variables for health research.
Biology of Sex Differences. 2021; 12: 23.


https://www.imrpress.com

	1. Introduction
	2. Materials and Methods
	2.1 Participants
	2.2 Measures
	2.3 Statistical Analysis

	3. Results
	3.1 Clinical Characteristics of Women of Childbearing Age included
	3.2 Effect of Previous SARS-CoV-2 Infection on the Menstrual Cycle, Menstruation Duration, Menstrual Volume, and Dysmenorrhea Status
	3.3 Patients with SARS-CoV-2 Infection Experienced Changes in their Menstrual Cycles
	3.4 Patients with SARS-CoV-2 Infection had Unchanged Menstrual Volumes
	3.5 Patients with SARS-CoV-2 Infection Showed no Changes in Dysmenorrhea
	3.6 Binary Logistic Regression Analysis of the Factors Influencing Menstrual Patterns

	4. Discussion
	Strengths and Limitations

	5. Conclusions
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

