




VIEWPOINT: COVID-19
COVID-19 vaccination and menstruation
COVID-19 vaccination causes small changes to menstruation that quickly resolve
By Victoria Male 

The rapid development of safe and effective vaccines against COVID-19 has been a triumph of medical science, but vaccines only work if people take them. Although there is extensive evidence that COVID-19 vaccination does not affect fertility, misinformation that it could has been a major source of vaccine hesitancy among young women. As the vaccination program was rolled out to younger age groups, some people noticed menstrual changes following COVID-19 vaccination and many members of the public found these reports concerning. Research was needed to generate robust data to inform healthcare professionals and the public about these potential side effects. Menstrual changes have been reported in association with a variety of vaccines, including those against pathogens other than severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), so a secondary aim of this work is to understand the mechanisms by which vaccine-associated menstrual changes could occur.
By April 2022, the USA’s Vaccine Adverse Event Reporting System (VAERS) had received more than 11,000 reports of menstrual changes and unexpected vaginal bleeding following COVID-19 vaccination (1). Yellow Card, the equivalent scheme in the UK, had received more than 50,000 (1). These schemes are effective at detecting patterns of serious, but rare, adverse events associated with vaccination: Yellow Card detected the rare clotting disorder associated with adenovirus-vectored vaccines, vaccine-induced immune thrombotic thrombocytopenia (VITT), and VAERS identified myocarditis as a rare adverse event associated with mRNA vaccines. However, these systems are not designed to detect increased rates of non-serious events that occur commonly. Because menstrual cycles vary naturally, a particular challenge was determining the extent (if any) to which the changes reported could be attributed to COVID-19 vaccination rather than background variation.
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Recent studies illustrate the extent to which menstrual cycles vary in the absence of vaccination. The Norwegian Institute of Public Health (NIPH) studied a cohort of 5688 females aged 18-30 who had been recruited to examine other side effects of COVID-19 vaccination. Participants were asked to recall their pre-vaccination and post-vaccination menstrual cycles: 37.8% described at least one aspect as different from their usual experience, even in pre-vaccination cycles (2). A US study examining changes to cycle length using data from a menstrual cycle tracking app reported a within-individual standard deviation in cycle length of 4.2 days in unvaccinated individuals (3). This underlines the need for formal approaches, including unvaccinated comparison groups, to identify vaccine-associated cycle changes.

The findings of these formal approaches have been remarkably consistent: COVID-19 vaccination is associated with a small increase in menstrual cycle length, but this rapidly resolves. In a study of data from 3959 US-resident users of the menstrual cycle tracking app Natural Cycles, of whom 2403 were vaccinated and 1556 were unvaccinated, there was no effect of the first vaccine dose, the second dose was associated with an increase in cycle length of 0.45 days and those who received both doses of vaccine in the same cycle experienced an increase of 2.32 days (3). A follow-up study using the same approach in a global cohort of 19,622 people, of whom 14,936 were vaccinated, reported similar results (4). Notably, in both studies, cycle length returned to normal within two cycles. Consistently, data from 9,652 US residents tracking their cycles as part of the Apple Women’s Health Study identified an increase in cycle length of 0.5 days following the first vaccine dose and 0.39 days following the second dose, returning to normal the following cycle (1). In the UK, a prospectively-recruited cohort of 79 people who recorded their cycles in real time also found a small but significant increase in cycle length only in cycles in which a vaccine dose was given (5). Among 3,858 North American nurses taking part in the Nurses’ Health Study 3, which collects data from its participants biannually, vaccination was associated with an increased odds (1.54) of reporting a longer menstrual cycle in the next follow up questionnaire, but this resolved in subsequent follow-ups (6).

The NIPH study found heavier than normal bleeding was most commonly associated with vaccination, with 13.6% of participants reporting this for the period after they were vaccinated, compared to 7.6% for the period before vaccination (2). The UK study of 79 participants was unable to detect an increase in menstrual flow associated with vaccination (5), although this could be a result of the smaller cohort size. But, these conflicting results could also reflect the increased risk of recall bias in the NIPH study. Approaches that combine large cohorts and data collection in real time are needed to resolve this.

Given this evidence that COVID-19 vaccination does alter menstrual cycles, albeit temporarily, the obvious question is: how? The type of vaccine does not affect the chance that an individual will experience a change to menstrual timing (1, 5-7) or flow (5, 7, 8), suggesting that the effect is a result of the immune response to vaccination rather than a specific vaccine component. In support of this, menstrual changes have previously been reported with typhoid (9), hepatitis B (10) and human papillomavirus (HPV) (11) vaccines. Indeed, as early as 1549 the doctor Wan Chhüan observed that inoculation against smallpox could bring on menstruation unexpectedly (12). Two studies have addressed the hypothesis that menstrual changes following COVID-19 vaccination are associated with activation of the immune response, but with conflicting results. The 79 participants in the prospectively-recruited UK cohort recorded their experience of common immune-mediated vaccine side effects and no association was found between the extent of side effects and changes to cycle length or flow (5). Conversely, a survey of 27,143 menstruating individuals found that those who experienced fever or fatigue post-vaccination were more likely to experience a heavier than usual period (8). Each of these approaches has weaknesses: the UK cohort is potentially underpowered to detect an association, whereas the survey relies on participants accurately recalling their experiences and is potentially influenced by respondents who noticed a menstrual change being more likely to recall other side effects.

Two biologically plausible mechanisms by which immune stimulation might cause menstrual changes have been proposed: innate immune responses could transiently interfere with the hormones that drive the menstrual cycle or they could affect macrophages and NK cells in the lining of the uterus, which control the breakdown and regeneration of this tissue through the cycle. In support of the hypothesis that the effects are hormonally-mediated, individuals in whom the ovarian hormones oestrogen and progesterone are supplied exogenously by combined hormonal contraception are less likely to experience menstrual changes following vaccination (5, 7). Furthermore, the timing of vaccination within the menstrual cycle affects whether or not cycle length increases. The menstrual cycle is divided into two phases: the follicular phase, which occurs before ovulation and can be prolonged by hormonal alterations, and the luteal phase, after ovulation, which is more consistent in length. If menstrual changes are mediated by immune effects on the control of ovarian hormones, vaccination would be expected to prolong the follicular phase, but this can only occur if vaccines are administered during this phase. Indeed, the Apple Women’s Health Study found that cycle length increases are only associated with vaccination in the follicular phase of the cycle (2). 

In support of the possibility that COVID-19 vaccination affects immune cells in the uterine lining, the survey of 27,143 menstruating individuals found that increasing age was associated with an increased risk of heavier bleeding (8). This could suggest that altered tissue repair, which is mediated by immune cells in the uterus and may be less effective in older people, is the mechanism by which COVID-19 vaccination increases menstrual flow. 

The evidence on the underlying mechanism is therefore mixed and could be consistent with effects mediated by both ovarian hormones (affecting cycle length) and endometrial repair (affecting menstrual flow). Further research is required to definitively identify the pathways involved, but now there is evidence that COVID-19 vaccination is associated with menstrual changes, more involved studies tracking blood hormone levels before and after vaccination, and studies of immune cells isolated from endometrial biopsies or menstrual fluid, are justified.

Does SARS-CoV-2 infection affect menstrual cycles? The nature of COVID-19 vaccination makes it amenable to studies tracking menstrual cycle parameters before and after exposure, but this is harder for infection because it is unpredictable, may last for days or weeks, and many people may be unaware that they have been infected, making it more difficult to define an uninfected control group. In studies early in the pandemic, between 15 and 25% of individuals reported changes to their periods after SARS-CoV-2 infection, although one study was on individuals who were hospitalized with COVID-19, one on individuals with Long Covid, and none included an uninfected control group, so these figures are likely to be overestimates (13-15). More recently, the Nurses’ Health Study 3, which compared menstrual cycle length and regularity self-reported in 2011-2016 to that in 2021 found no effect of SARS-CoV-2 infection, although the timing of the questionnaires (not immediately pre- and post-exposure) and the relatively coarse detail in which participants could respond limits the ability of this approach to detect small or temporary effects (6). 

There are important lessons to be learned. More than half of the world’s population menstruate at some time in their lives, yet data about effects on menstruation is rarely collected in vaccine trials. This must change – not least to offer reassurance that this area of public health is also taken seriously by vaccine developers. Furthermore, some information can only be collected in trials. Approaches using menstrual cycle tracking apps have proved powerful because large volumes of data are available and data collection in real time mitigates recall and recruitment bias. However, app users are not representative of the global population, living mainly in high-income countries and with young, white, educated individuals overrepresented (1, 3, 4). App users are also aware of being vaccinated and this may affect their perceptions of aspects of menstruation that are partially or wholly subjective, such as menstrual flow, pain, and premenstrual syndrome (PMS) symptoms. The inclusion of a blinded control group, as in vaccine trials, precludes these problems.

But there are also opportunities. The recent advances in defining vaccine effects on the menstrual cycle open several avenues of enquiry. Vaccination is planned, occurs at a single point in time and, importantly, individuals who are already planning to receive a vaccine dose can be recruited, circumventing the ethical challenges of giving participants an immune stimulus purely for experimental reasons. These individuals can participate in studies both to fully define how immune stimulation impacts female reproductive parameters but also to address the converse question: how do menstrual cycle phase and the use of hormonal contraception affect the immune response? There is an opportunity, finally, to start making real progress in an area that has historically been understudied.
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Possible mechanisms by which vaccines affect menstrual cycles

In spontaneously cycling individuals, COVID-19 vaccination is associated with increased cycle length and increased menstrual flow in the subsequent period, although these changes are short-lived. Cytokines produced in response to vaccination could affect the hormonal dialogue between the hypothalamus, pituitary gland and ovaries (HPO), lengthening the cycle (1). This could also impact macrophages and NK cells in the lining of the uterus, which are known to mediate tissue repair at this site, resulting in heavier menstrual flow (2).
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