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The COVID-19 pandemic has had a profound impact on women’s health, particularly on their
menstrual cycles. The menstrual cycle serves as a crucial indicator of fertility and reproduction.
Objectives: This study aimed to examine the impact of COVID-19 infection and vaccination on
menstrual regularity in Saudi women of childbearing age. Additionally, it sought to explore the
potential effects of COVID-19 vaccination on serum hormonal levels during the follicular phase of
the menstrual cycle, along with their relationship with Vit.D.

Methods: This case-control study investigated the impact of COVID-19 infection and vaccination
on menstrual regularity and hormonal function in Saudi women of reproductive age. Data were
collected from 79 women who attended the Outpatient Department of Obstetrics and Gynae-
cology at King Faisal Medical Complex in Taif, Saudi Arabia. All participants had received COVID-
19 vaccines. The data collection process was comprehensive, encompassing various participant
characteristics, such as demographic information, history of COVID-19 infection, and details
about menstrual patterns before and after infection and vaccination. Furthermore, hormonal
measurements, including follicle-stimulating hormone (FSH), luteinizing hormone (LH), oestra-
diol, prolactin, thyroid-stimulating hormone (TSH), and vitamin D (Vit.D) levels, were extracted
from the participants’ medical records.

Results: Among the participants, 39.24 % had a history of COVID-19 infection, and following the
infection, there was a significant increase in the proportion of women experiencing irregular
menstruation. After receiving the COVID-19 vaccine, 72.15 % of the participants continued to
have irregular menstrual cycles. The study found that a considerable number of participants had
menstrual cycles outside the normal range, with 43.80 % having cycles shorter than 21 days and
35.10 % having cycles longer than 35 days. Comparing participants with regular and irregular
cycles after COVID-19 vaccination, no significant changes were observed in most hormonal levels.
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However, the prolactin hormone showed a significant increase in participants with irregular
cycles, while Vit.D levels were significantly decreased in this group.

Conclusion: The study findings indicate a higher prevalence of irregular menstruation among
participants, particularly after vaccination. Notably, irregular menstrual cycles were found to be
associated with elevated levels of prolactin hormone and decreased levels of Vit.D.

1. Introduction

The menstrual cycle is a biological process that occurs in the female reproductive system. It comprises monthly discharge of an
ovum from the ovaries, which is transferred to the fallopian tube and into the uterus. If the ovum is not fertilized by sperm, it sheds
along with the lining of the uterus, resulting in menstruation. Therefore, the menstrual cycle involves changes in the ovary and uterus.
It on average lasts 28 days but can range from 21 to 35 days [1]. The ovarian cycle is controlled by hormones such as follicular
stimulating hormone (FSH) and luteinizing hormone (LH): FSH is produced by the pituitary gland and stimulates the growth and
development of follicles in the ovaries. LH is also produced by the pituitary gland and activates ovulation, which is the discharge of an
ovum from the ovary. The production of FSH and LH is controlled by gonadotropic releasing hormone (GnRH) from the hypothalamus
[2].

The uterine cycle is regulated by oestrogen, which is generated by the developing follicles in the ovaries and helps to thicken the
lining of the uterus in preparation for a fertilized egg, and progesterone hormone, which is formed by the corpus luteum, which
develops after ovulation and helps to maintain the thickened uterine lining in cases of pregnancy [3,4].

Another hormone that has an indirect effect on the menstrual cycle is prolactin: it is mainly responsible for stimulating milk
production in the breasts after childbirth [5]. However, high concentrations of prolactin can interfere with ovulation and cause
irregular periods or even complete menstruation cessation [6]. This disorder is identified as hyperprolactinemia and can be caused by
some medications, tumours, or other medical conditions [7]. Prolactin constrains ovulation by suppressing the secretion of GnRH from
the hypothalamus. GnRH is accountable for promoting the release of FSH and LH from the pituitary gland. When prolactin levels are
high, it affects the normal pulsatile release of GnRH, leading to a decrease in FSH and LH secretion and eventually inhibiting ovulation.
Therefore, lactation can act as a natural form of contraceptives in some women, as breast feeding enhances prolactin production and
can suppress ovulation [8].

The ovarian cycle can be divided into three phases: follicular phase, ovulation, and luteal phase. In a female with a regular cycle (28
days), the follicular phase begins on the first day of menstruation and persists for approximately 14 days. Through this time, an ovum
matures in one of the ovaries. Ovulation occurs when the mature ovum is liberated from the ovary and travels down the fallopian tube
heading towards the uterus.

The uterine cycle can be split into three phases: menstruation, proliferation and secretion. Menstruation occurs when the endo-
metrial layer of the uterus sheds and lasts for 3-7 days. The luteal phase begins after ovulation and lasts for approximately 14 days.
Meanwhile, if fertilization does not occur, oestrogen and progesterone levels drop, and menstruation starts again [9]. The menstrual
cycle plays a principal role in fertility and reproductive health. Variations in menstrual patterns or symptoms may suggest underlying
health issues that should be addressed by a health care provider.

Coronavirus disease (COVID-19) is a highly contagious respiratory disease caused by the SARS-CoV-2 virus. The first incident of
COVID-19 was detected in Wuhan, China, in December 2019. Then, it spread worldwide, causing a pandemic [10]. The most familiar
symptoms of COVID-19 are fever, cough, fatigue, body aches, loss of taste or smell, and problems in breathing. The virus disseminates
through respiratory droplets when a sick person coughs, sneezes or speaks [11]. To reduce the spread of COVID-19, it was advised to
wear masks in public places, practice social distancing and regularly wash hands with soap and water [12]. Vaccines have been
developed to protect against COVID-19 and are being distributed worldwide.

Vaccines work by motivating the immune system to generate antibodies against the virus, which can help stop infection or diminish
the severity of symptoms if a person becomes infected [13,14]. There are currently numerous COVID-19 vaccines available, including
those established by Pfizer-BioNTech, Moderna, Johnson & Johnson and AstraZeneca [15]. These vaccines have undergone precise
testing and have been proven to be secure and effective in clinical experiments [16]. Many countries around the world have started
vaccination campaigns to protect their residents from COVID-19. Governments and health organizations are persuading people to get
vaccinated as soon as possible to help slow the spread of the virus and to end the pandemic [17].

It is worth noting that while COVID-19 vaccinations are very effective at stopping severe illness and hospitalization, they do not
offer 100 % protection against infection [18]. It is still likely that vaccinated individuals will catch and spread the virus, so it is essential
to continue practising other protective methods, such as wearing masks and social distancing. The vaccine does not include any
hormones or other ingredients that could influence hormone levels or the menstrual cycle [19]. However, there are some publications
suggesting that COVID-19 vaccines influence female menstrual cycle regularity [20,21].

The COVID-19 pandemic has had an extreme effect on the lives of people worldwide, and females of childbearing age have been
influenced by the pandemic due to its consequences on their physical and mental health [22]. This study aims to answer the following
questions:

e What are the effects of COVID-19 infection/vaccination on menstrual regularity in women of childbearing age?
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e Are there any differences in menstrual regularity between those who have been infected with COVID-19 and those who have
received the vaccine?

e What are the potential implications of COVID-19 vaccination on serum levels of FSH, LH, oestradiol, prolactin, thyroid stimulating
hormone (TSH), free T3, free T4 and vitamin D (Vit.D) during the follicular phase of the menstrual cycle?

This study investigates for the first time the effect of COVID-19 vaccination on serum levels of FSH, LH, oestradiol, prolactin,
thyroid stimulating hormone (TSH), free T3, free T4 and Vit.D during the follicular phase of the menstrual cycle.

2. Material and methods

The study is a case—control study in which data were collected randomly from every three women attending the blood collection
room in the Outpatient Department of Obstetrics and Gynaecology at King Faisal Medical Complex (KFMC) in Taif City, Saudi Arabia.
The total number of participants was 79 women. All participants received the COVID-19 vaccines. The data were collected using a data
collection form designed for this study. The data include the participants’ characteristics, such as age, history of COVID-19 infection,
menstruation pattern before and after COVID-19 infection, types of received doses of COVID-19 vaccine and menstruation pattern
before and after the COVID-19 vaccine. In addition, their hormonal measurements were collected from their medical records. The data
include serum levels of FSH, LH, oestradiol, prolactin, thyroid stimulating hormone (TSH), free T3, free T4 and Vit.D during the
follicular phase of the menstrual cycle (samples were collected on day two or day three of the menstrual cycle). All these hormones
were tested in the core lab at King Faisal Medical Complex by Cobas 6000 (e601) electrochemiluminescence (ECL) technology (Fig. 1).
Sample inclusion criteria: nonlactating women of childbearing age (18-45 years) without known gynaecological conditions who
regularly monitor their menstruation through an electronic calendar. Not receiving any hormonal contraceptives.

3. Statistical analysis

Graph Pad Prism version 8 was used to analyse the current data. Student’s t-test analysis was utilized to compare various factors
between the groups under study. To evaluate the relationship between Vit.D and other analysed hormones in the studied groups,
Pearson’s correlation coefficient was utilized. To investigate the association between two qualitative variables, the chi-square (X2) test
was performed. P was deemed significant if it was less than 0.05 at the 95 % confidence level.

Study design
Sample selection
Questionnaire
preparation
Data collection
Data collection using Data collection using
a questionnaire medical records
Data analysis

Fig. 1. A diagram showing the overall organization of the developed methodology.
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4. Results

A total of 79 participants who received the COVID-19 vaccine were included in this study. Table 1 shows the characteristics of the
participants, such as age, history of COVID-19 infection, menstruation pattern before and after COVID-19 infection, types of received
doses of COVID-19 vaccine and menstruation pattern before and after COVID-19 vaccination. The results demonstrated that the age
groups of the study participants were between 18 and 45 years. The mean age was 33.92 + 7.3 years; 31 (39.24 %) of them were
infected with COVID-19. Before COVID-19 infection, 26 (83.87 %) of them had regular menstruation, and 5 (16.13 %) had irregular
menstruation. After COVID-19 infection, irregularity of the menstrual cycle was found in 23 (74.19 %) patients. It was found that most
of the study participants received the Pfizer vaccine as the first (78.48 %), second (92.11 %), and third (93.88 %) doses. Before the
COVID-19 vaccine, 66 (83.54 %) of the participants were regularly menstruating, and 13 (16.46 %) were irregularly menstruating.
After the COVID-19 vaccine, irregular cycles were found in 57 (72.15 %) of the participants.

Table 2 demonstrates the associated changes in the pattern of the menstrual cycle in participants with irregular cycles after COVID-
19 vaccination. Regarding the menstrual cycle length, 25 (43.80 %) participants had their menstrual cycle for less than 21 days, 20
(35.10 %) for more than 35 days and 12 (21.10 %) for 21-35 days. The menstrual period lasted for less than five days in 10 (17.54 %)
participants, for more than seven days in 24 (42.11 %) participants and for five to seven days in 23 (40.35 %) participants. After
receiving the COVID-19 vaccine, the timing of the next period was earlier than usual in 29 (50.88 %), later than usual in 17 (29.82 %)
and on time in 11 (19.29 %) of the participants. The flow of the period was lighter than usual in 13 (22.81 %), heavier than usual in 30
(52.63 %) and the same as usual in 14 (24.56 %) of the participants. Associated pain or cramps were less than usual in 9 (15.78 %),
more than usual in 27 (47.36 %) and the same as usual in 21 (36.84 %) of the participants.

Fig. 2 (A-H) shows the associated hormonal changes during the follicular phase of the menstrual cycle in participants with irregular
menstrual cycles in comparison with those with regular menstrual cycles after COVID-19 vaccination. Serum levels of follicle stim-
ulating hormone (FSH), luteinizing hormone (LH), oestradiol, thyroid stimulating hormone (TSH), free T3, and free T4 were not
significantly varied in either group. Serum levels of prolactin hormone were significantly (P < 0.001) increased, whereas serum Vit.D
levels were significantly (P < 0.001) decreased in participants with irregular cycles compared to those with regular cycles.

Table 1
Characteristics of the study participants (total number = 79).
Variable Number (No) Percent (%)
Age (Years)
18-24 9 11.39 %
25-29 15 18.98 %
30-34 18 22.78 %
35-39 13 16.45 %
40-45 24 30.37 %
History of COVID-19 infection
Yes 31 39.24 %
No 48 60.76 %
Menstruation pattern before COVID-19 infection:
Regular cycle 26 83.87 %
Irregular cycle 5 16.13 %
Menstruation pattern after COVID-19 infection:
Regular cycle 8 25.81 %
Irregular cycle 23 74.19 %
Types of received doses of COVID-19 vaccine:
First dose:
Pfizer 62 78.48 %
AstraZeneca 9 11.39 %
Moderna 8 10.12 %
Second dose:
Pfizer 70 92.11 %
AstraZeneca 3 3.94 %
Moderna 3 3.94 %
Third dose:
Pfizer 46 93.88 %
AstraZeneca 0 0%
Moderna 3 6.12 %
Menstruation pattern before COVID-19 vaccine:
Regular cycle 66 83.54 %
Irregular cycle 13 16.46 %
Menstruation pattern after COVID-19 vaccine:
Regular cycle 22 27.85 %
Irregular cycle 57 72.15 %
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Table 2
Associated changes in the pattern of the menstrual cycle in participants with irregular cycles after COVID-19
vaccination (number = 57).

Variable Number (No) Percent (%)
How long is length of your menstrual cycle (in days)?

21-35 days 12 21.10 %

Less than 21 days 25 43.80 %

More than 35 days 20 35.10 %
How long does your menstrual period last (in days)?

5-7 days 23 40.35 %

Less than 5 days 10 17.54 %

More than 7 days 24 42.11 %
After receiving COVID-19 vaccine, the timing of next period is

On time 11 19.29 %

Earlier than usual 29 50.88 %

Later than usual 17 29.82 %
After receiving COVID-19 vaccine, the flow of the period is

The same as usual 14 24.56 %

Lighter than usual 13 22.81 %

Heavier than usual 30 52.63 %
Associated pain or cramps

The same as usual 21 36.84 %

Less than usual 9 15.78 %

More than usual 27 47.36 %
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Fig. 2. (A-H): Serum levels (means + SDs) of follicle stimulating hormone (FSH), luteinizing hormone (LH), oestradiol, prolactin, thyroid stim-
ulating hormone (TSH), free T3, free T4 and Vit.D during the follicular phase of the menstrual cycle in participants with irregular menstrual cycles in
comparison with those with regular cycles. ***: P < 0.001, NS: not significant.
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Fig. 3. (A-G) demonstrates the correlation coefficient analysis between serum levels of Vit.D and each of prolactin, FSH, LH, oestradiol, TSH, free
T3 and free T4 during the follicular phase of the menstrual cycle in participants with irregular cycles. There was a significant negative correlation
between serum levels of Vit.D and prolactin hormone (r = - 0.773, P < 0.0001), whereas the correlations were not significant for other hormonal
levels.

Fig. 3(A-G): Correlation coefficient analysis between serum levels of Vit.D and each of prolactin (A), FSH (B), LH (C), oestradiol (D), TSH (E), free T3
(F) and free T4 (G) during the follicular phase of the menstrual cycle in participants with irregular cycles.

5. Discussion

Like COVID-19, Zika virus (ZIKV) causes infection, which is primarily spread by the bite of infected Aedes mosquitoes. It was
discovered for the first time in Uganda in 1947 and has since spread to several locations throughout the globe [23]. COVID-19 and
ZIKV infection share several similarities concerning the complications of pregnant women who contracted the infection. Both viral
infections have been demonstrated to raise the chance of premature birth [23,24]. Additionally, although the underlying mechanisms
may vary, infection with the COVID-19 and ZIKV have both been linked to an increased risk of preeclampsia. Among pregnant women,
especially those who develop COVID-19 pneumonia, there is an increased risk of preeclampsia and preterm delivery due to fever and
hypoxemia [24]. ZIKV can cross the placental barrier and cause damage to the placenta, leading to inflammation and metabolic al-
terations. Once the virus reaches the foetal bloodstream, it primarily affects neuronal cells, potentially causing microcephaly [23]. It
has been suggested that increased secretion of proinflammatory cytokines may play a role in triggering preterm delivery [25]. There is
no specific medicine or vaccine for ZIKV. On the other hand, COVID-19 vaccination has been developed to save people from COVID-19.

Undergoing radiological diagnostic examinations and vaccinations has been significant for mothers during the COVID-19
pandemic. Regarding radiation and contrast media toxicity, studies suggest that the critical dose for foetal health is higher than
that of a single radiological examination, and if clinically necessary, these examinations can be safely performed during pregnancy
[26]. There was low acceptance of anti-SAR-CoV-2 vaccines among pregnant women, primarily due to limited knowledge about the
disease and a lack of recommendations from health care providers [27].

Moreover, public concern has been raised due to the possibility that receiving a COVID-19 immunization may affect menstrual
cycles [28]. An increasing quantity of research indicates that COVID-19 infection and immunization may have an impact on some
women’s menstrual cycles. The menstrual cycle changes may be alterations in menstrual flow, irregular periods, and spotting. This
might be a result of both the body’s immune reaction to the virus and the stress and inflammation brought on by the disease [29]. The
menstrual cycle involves numerous signalling pathways that can be affected by both internal and external factors. Stress, whether it is
caused by physical, psychological, or social factors, can disrupt these pathways and have a profound impact on a woman’s well-being.
Consequently, it is essential to consider the potential devastating effects of stress on the menstrual cycle [30]. The results of the current
research revealed that before COVID-19 infection, 26 of the 31 infected participants had regular menstruation, and 5 irregularly
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Fig. 3. (continued).

menstruated. After COVID-19 infection, irregularity of the menstrual cycle was found in 23 of them. In addition, before the COVID-19
vaccine, 66 of the 79 participants were regularly menstruating, and 13 were irregularly menstruating. After the COVID-19 vaccine,
irregular cycles were found in 57 of the participants. Many studies support the presence of menstrual irregularities after COVID-19
infection and vaccination. A cross-sectional survey-based study found that women between the ages of 21 and 42 may experience
effects on their menstrual cycles because of COVID-19 infection [31]. The study of Qashqari et al. [32] discovered a possible link
between the COVID-19 vaccine and irregular menstrual cycles, which may influence women’s quality of life.

There were different changes in menstrual cycle patterns (length, period, flow, and pain) in our participants with menstrual ir-
regularities after receiving the COVID-19 vaccine. It was found that most of the study participants received the Pfizer vaccine as the
first (78.48 %), second (92.11 %), and third (93.88 %) doses. Filfilan et al. [33] reported that after receiving the COVID-19 immu-
nization, females frequently experience irregular menstrual cycles. The inconsistent length of the cycle following two doses of the
COVID-19 vaccine is the most common aberration. According to the Qashqari et al. [32] study, women who have received the
COVID-19 vaccine may experience abnormal menstrual cycles, including longer menstrual periods. Furthermore, the type of COVID-19
vaccine and its effect on the menstrual cycle were not significantly correlated, either for the first or the second dose. Alvergne et al.
[34] found that the menstrual cycle can be lengthened by the COVID-19 vaccine, and this effect can be mediated via ovarian hormones.

However, there are other theories that explain how COVID-19 immunization alters the menstrual cycle. According to Emma et al.
[35], one potential explanation is that the uterine lining has the same chemical messengers, called cytokines, that control inflam-
mation. If these are impacted by immunization, some women may experience alterations in their bleeding patterns. Another factor that
may also have a slight impact on the timing of menstruation was that some women may have taken nonsteroidal inflammatory drugs to
treat the side effects of vaccinations, such as fever or aches and pains. Therefore, the impact of COVID-19 immunization may be related
to the immune system’s impact on the hormones that control the menstrual cycle. When compared to individuals who had not received
the COVID-19 vaccine, Edelman et al. [36] discovered that the length of the menstrual cycle (the interval between periods) temporarily
lengthened by an average of less than one day in those who had. The number of days of bleeding was not altered because of the vaccine.
However, researchers have discovered a variety of menstrual alterations among COVID-19-infected women, including menstrual
volume changes (25 %), menstrual cycle variations (28 %) and protracted cycles (19 %) [37]. The results of the current study found
that there was no significant difference in serum levels of FSH, LH, TSH, T3, and T4 between female participants with irregular
menstrual cycles and those with regular cycles after COVID-19 vaccination. On the other hand, serum levels of prolactin hormone were
significantly increased, whereas serum Vit.D levels were significantly decreased in this comparison. Many studies have demonstrated
that there is no significant difference between COVID-19 and control patients, between mild and severe patients, or even between
patients with menstrual changes and those without menstrual changes in the usual levels of sex hormones (FSH, LH, oestradiol,
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progesterone, testosterone, and anti-Mullerian hormone). This finding indicates that the menstrual alterations brought on by
COVID-19 infection are presumed to be temporary and have no known long-term effects. The transient alterations in the menstrual
cycle could mostly be attributed to stress that is mediated by an immune response. The relationship between the hypothalamic pi-
tuitary adrenal (HPA) axis and hypothalamic pituitary gonadal (HPG) axis makes this possible [37,38].

People have experienced tremendous psychological stress because of the COVID-19 pandemic, and one strategy for coping with this
stress has been to get vaccinated against the SARS-CoV-2 virus [30]. The HPA axis is a term used to describe the connection between
the hypothalamus, pituitary, and adrenal glands; it plays a significant role in the body’s response to stress [39]. There is a substantial
relationship and interaction between the HPA axis and SARS-CoV-2 infection in COVID-19, since proinflammatory cytokines and stress
stimulate the HPA axis, which also regulates the response to inflammatory cytokines [40]. Al-Kuraishy et al. [41] revealed that the
dysfunction of the HPA axis caused by SARS-CoV-2 infection may increase prolactin secretion from the anterior pituitary in COVID-19.
It is believed that elevated levels of IL-6 in COVID-19 may act as a strong stimulus for prolactin secretion from the anterior pituitary
gland, indicating that the presence of an inflammatory environment in COVID-19 may contribute to increased blood prolactin levels
[42,43]. In addition, Song et al. revealed that elevated levels of prolactin hormone in individuals with COVID-19 infection are thought
to be influenced by factors such as stress, oxidative stress, and immune system dysregulation [44]. There is evidence to suggest that
hormonal changes during COVID-19 infection may be associated with a lack of Vit.D. It has been suggested that a deficiency in Vit.D
may increase the risk and severity of COVID-19 infection, as Vit.D plays a crucial role in regulating the immune system and main-
taining overall health [45]. Prolactin levels have been linked in some studies to Vit.D deficiency [46]. Vit.D deficiency may contribute
to elevated prolactin levels through its effects on the hypothalamus-pituitary axis. The hypothalamus and pituitary, which are crucial
regulators of prolactin release, both have Vit.D receptors (VDRs) [47,48]. A lack of Vit.D can cause these receptors to stop functioning
normally, which can cause prolactin production to become dysregulated. Inflammation and impaired immunological function have
also been linked to Vit.D deficiency [49]. Inflammatory processes can stimulate the secretion of prolactin from immune cells, which
boosts its levels. A lack of Vit.D may cause chronic inflammation and an increase in prolactin since Vit.D is essential for controlling
immunological responses. Whereas there is evidence suggesting a connection between low Vit.D levels and elevated prolactin levels,
more investigation is necessary to fully understand the underlying mechanisms and establish a clear causal association.

Scientific studies have demonstrated that Vit.D can boost the antimicrobial activity of monocytes and macrophages, which are vital
parts of the immune system [50]. Furthermore, Vit.D has been shown to possess anti-inflammatory properties by facilitating the
development of T regulatory cells and limiting the activity of T helper-17 cells, which play a role in promoting inflammation.
Additionally, Vit.D can reduce the production of proinflammatory cytokines that may contribute to inflammation in the body [51].

6. Conclusion

This study investigates for the first time the effect of COVID-19 vaccination on serum levels of FSH, LH, oestradiol, prolactin,
thyroid stimulating hormone (TSH), free T3, free T4 and Vit.D during the follicular phase of the menstrual cycle. Our findings revealed
a greater occurrence of irregular menstruation among participants, especially following vaccination. It is noteworthy that irregular
menstrual cycles were linked to higher levels of the prolactin hormone and lower levels of Vit.D. To mitigate the side effects of
vaccination and support the immune system, we suggest that females with Vit.D deficiency consider taking Vit.D supplements. Further
research is needed to understand the mechanisms underlying these changes in prolactin hormone and Vit.D by assessing stress hor-
mones such as cortisol hormone, epinephrine and norepinephrine.
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