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Abstract

:

Researchers have been studying COVID-19 from day one, but not much is known about the impact of COVID-19 on the reproductive system, specifically the female reproductive system. There has been substantial anecdotal and media coverage on the effect of COVID-19 on the female reproductive system and changes in the menstrual cycle, but so far available data are not robust enough to draw firm conclusions about the topic. This article was carried out to present already published studies on the correlation between SARS-CoV-2 infection and menstrual cycle changes. A systematic literature search was conducted on the Medline, Scopus, and Cochrane Library databases in accordance with the PRISMA guidelines. Three studies were finally included in the review. The findings of the studies indicate changes in menstrual volume and changes in menstrual cycle length as consequences of SARS-CoV-2 infection; the latter was also the most common menstrual irregularity reported by the included studies. Women have mainly reported decreased menstrual volume and a prolonged cycle. The findings also indicate that the severity of COVID-19 does not play a role in menstrual cycle changes. However, the research on this topic is still too scarce to draw definitive conclusions, and there is a need for further research. The relevant conclusions, which could be drawn only from a well-constructed study, would have a major effect on defining the impact of SARS-CoV-2 infection on the menstrual cycle.
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1. Introduction


In the past two years, our lives have been significantly affected by COVID-19 and the restrictions the pandemic brought to everyday life. There were 423,437,674 confirmed SARS-CoV-2 infections worldwide as of 21 January 2022 [1]. Researchers have been studying COVID-19 from day one, and there are already robust data about the impact of infection with the SARS-CoV-2 virus on the respiratory [2], circulatory [3], and nervous systems [4]. However, not much is known about the impact of COVID-19 on the reproductive system, specifically the female reproductive system. There has been substantial anecdotal and media coverage on the effect of the COVID-19 pandemic on the female reproductive system and changes in the menstrual cycle [5]; nevertheless, to date the available data are not robust enough to draw firm conclusions about this topic.



In September 2020, 1031 women of reproductive age completed an anonymous digital survey by Phelan et al. as part of an observational study of women’s reproductive health over the course of the pandemic. A total of 46% reported a change in their menstrual cycles since the beginning of the pandemic. The authors found that there was significantly more menorrhagia, dysmenorrhea, and a worsening of premenstrual symptoms than before the pandemic. The length of bleeding and the cycle length were similar to before the pandemic, but with a significantly wider range than before the pandemic. Significant increases in low mood, poor appetite, poor concentration, anxiety, poor sleep, and loneliness were observed [6].



Nevertheless, it is already known that some viral infections correlate with changes in the female reproductive system, such as the duration of the menstrual cycle or the volume of menstruation. For instance, in human immunodeficiency virus (HIV)-positive women, increases in amenorrhea, menstrual cycle intervals lasting more than 6 weeks, and lower rates of premenstrual breast symptoms suggest the possibility of disturbances in menstrual function that do not appear to be attributable to clinically-apparent secondary complications of HIV [7]. Other data have shown a significant association between HIV status and amenorrhea, suggesting that women living with HIV have approximately 1.7 times higher odds of amenorrhea than matched controls without HIV [8]. A study investigating the correlation between hepatitis B virus (HBV)- and hepatitis C virus (HCV)-infection and menstrual cycle changes found the beginning of HBV- and HCV-infection development to be characterized by prolonged, heavy menstruations that were gradually replaced by infrequent and short ones. One out of five patients complained of short and infrequent menstruation (hypomenstrual syndrome), and one out of four complained of the absence of menstruation, including those associated with the onset of early menopause in 6.7% of patients and the development of climacteric syndrome in 6.7% of women. Dysmenorrhea occurred in 11.1% of women [9].



Considering these elements, this article presents published studies about the correlation between COVID-19 and the menstrual cycle and comprehensively assesses the impact of SARS-CoV-2 infection on the menstrual cycle as it is currently understood.




2. Materials and Methods


A systematic review was registered in PROSPERO international database (CRD42022339723) and conducted on the Medline, Scopus, and Cochrane Library databases, following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Statement, available through the Enhancing the Quality and Transparency Of Health Research (EQUATOR) Network. In Medline, we searched across the medical subject headings (MeSH) using the terms “menstrual cycle” AND “virus diseases”, and on other databases, we searched across all fields for “menstrual cycle” AND “COVID-19”, or “menstrual cycle” AND “COVID*”. Only articles written in English and published between 2020 and 2022 were considered.



Titles and/or abstracts of the studies retrieved using this search strategy and those from additional sources were screened independently by two review authors to identify studies that potentially met the aims of this systematic review. The full texts of these potentially eligible articles were retrieved and independently assessed for eligibility by two other review team members. Any disagreement between the readers regarding the eligibility of particular articles was resolved through discussion with a third (external) reviewer. Two authors independently extracted data from articles about study characteristics and outcomes. Any discrepancies were identified and resolved through discussion (with a third external reviewer where necessary).



Studies that described data on at least one menstrual cycle feature (menstruation length and volume, menstrual cycle length, menstruation regularity and frequency, symptoms of premenstrual syndrome, abnormal bleeding or spotting between normal menstrual periods) and in which participants were defined as having had COVID-19 via positive reverse transcription-quantitative polymerase chain reaction (RT-qPCR)/antigen tests, antibody tests, and/or also suspected cases, were included. Studies not describing the impact of COVID-19 illness itself, but describing the effect of treatments, vaccines, pandemic-related stress, or other lifestyle changes, were excluded. It should also be noted that the focus of this article is only on research articles, although there was no restriction on study design type. Conference presentations and reports were excluded because the goal was to focus on the most carefully evaluated material. The final search was carried out on 22 January 2022.



Due to the nature of the findings, we opted for a narrative synthesis of the results from selected articles.




3. Results


The aim of this article was to review all the studies that have specifically investigated the impact of COVID-19 illness on menstrual cycle changes and to assess if the correlation between the two is direct, or if menstrual changes are caused by other confounding factors such as stress, vaccines, or a change in lifestyle. Four hundred and forty-four articles were identified and screened at the title and abstract levels (Figure 1).



All but three articles were excluded for any of the following reasons: being duplicates of already identified articles; not assessing menstrual cycle features in the same individuals infected with SARS-CoV-2 over time, or not assessing menstrual cycle features between groups of individuals differentially exposed to COVID-19 (COVID-19 cases and controls). Thus, two cross-sectional studies [10,11] and a cohort study [12] were finally included in this review. All of them included COVID-19-positive patients and studied their menstrual cycle features over a specified period of time (Table 1 and Table 2).



The first study, conducted by Li et al. [10], studied the effects of viral infection on the sex hormone and menstrual changes in women of child-bearing age infected with SARS-CoV-2. It was a single-center, retrospective, cross-sectional study in which they reviewed data from 237 women diagnosed with COVID-19 and hospitalized from 19 January to 1 April 2020. Only women between 18 and 45, not pregnant or lactating, and without menstrual irregularities in the 6 months prior to being infected with COVID-19, were included. There is no information about the use of hormonal contraceptives. COVID-19-positive patients were defined as mild or severe according to signs, symptoms, and complications. There were 147 patients in the mild group and 90 patients in the severe group. Complete menstrual history could be retrieved and reviewed for 177 of the 237 enrolled patients. The information about menstrual cycles was collected by phone for another 2 months after discharge from the hospital. This study found that approximately 20% of the patients had a significant decrease in menstrual volume, without a significant difference between mildly and severely ill patients. Approximately 20% of COVID-19 patients showed prolonged menstrual cycles in comparison with their normal cycles before becoming ill. A smaller number of patients experienced an increase in menstrual volume and/or menstrual cycle shortening. There was no statistically significant difference in any form of menstrual cycle irregularities between mildly and severely ill patients. In comparison with the control group, the menstrual volume and the duration of menstrual cycles changed significantly more for COVID-19-positive women. The analysis of the possible risk factors for menstrual cycle prolongation (age, severity of illness, comorbidities, the presence of complications in other organs, and glucocorticoid treatment) showed that only the presence of complications was associated with menstrual cycle prolongation. In the follow-up period, 84% of the patients returned to their normal menstrual volume and 99% returned to their normal cycle within 1 to 2 months after discharge, suggesting that the menstrual changes due to COVID-19 infection were transient [10].



The second study, by Khan et al. [12], was a prospective, population-based cohort study. It was part of the Arizona CoVHORT study, which is an ongoing study about the long-term consequences of COVID-19 [13], started in May 2020. They included 127 SARS-CoV-2 positive patients who were given COVID-19 symptomology surveys at 6-week intervals. The included patients were 18 to 45 years old and were not or had not recently been pregnant at the time of inclusion. They were asked if they had noticed menstrual cycle changes as an ongoing symptom or if they had noticed new ones related to their COVID-19 illness. Of these, 16% (n = 20) reported menstrual cycle changes. The number of days between a positive SARS-CoV-2 test and the last reported menstrual cycle changes varied between 28 and 222 (median 57.5). The most common changes were irregular menstruation (n = 12), an increase in premenstrual syndrome symptoms, and infrequent menstruation (n = 7). Infrequent menstruation was defined as menstrual periods occurring at intervals longer than 35 days. Irregular menstruation was defined as a significant variation in the length of one’s menstrual period or the time between two periods. The mean age and the mean body mass index (BMI) of the two groups were similar. The percentage of patients of Hispanic ethnicity was higher among patients that had reported menstrual cycle changes (50% vs. 24.3%). The patients that reported menstrual cycle changes were more likely to report a greater number of COVID-19 symptoms (p = 0.01). Fatigue, headache, body aches and pains, and shortness of breath were symptoms that were significantly more likely to be reported by patients that reported menstrual cycle changes than patients that did not. The authors were not able to adjust for potential confounding factors. There was no information about how many cycles the changes lasted. There was also no control group or data about the patients’ menstrual cycles before becoming infected [12].



The third study, conducted by Ding et al. [11], was an observational, single-center, cross-sectional study. It was conducted at the start of the COVID-19 pandemic, between 28 January and 8 March 2020, in Wuhan, China. The aim of the study was to investigate the relationship between COVID-19 and ovarian function. A total of 78 female patients with COVID-19, younger than 50 years (the median age was 43.5 years), and without ovarian diseases or an ovarian surgery history were included. None were pregnant or on estrogen-containing contraceptives or menopausal hormone treatments. The patients were asked about their menstrual information in the last 3 months. Of these, 21.79% of the patients were diagnosed as severely ill, 48.0% described a recent mental disorder (e.g., anxiety, depression, or insomnia), 12% had a history of benign gynecological disease, and 36% had undergone gynecological surgery. Severe SARS-CoV-2 infection was defined according to the American Thoracic Society guideline for community-acquired pneumonia [14] and the Guan et al. [15] study of COVID-19 on admission. Patients with more severe COVID-19 cases had higher levels of amenorrhea, higher menstrual volumes, higher levels of irregular periods, and higher levels of menstrual pain compared with non-severe cases, but the differences were not significant [11].




4. Discussion


The COVID-19 pandemic has been a theme running through studies and articles in the last two years. Nevertheless, studying one specific aspect of it is difficult because of all the confounding factors that might be interlinked. It is challenging to construct an impeccable study in such circumstances. Several factors of the COVID-19 pandemic must be considered when studying the impact of SARS-CoV-2 infection on the menstrual cycle; in particular, stress, vaccination, COVID-19 therapy, and COVID-19 disease may all play a role.



High stress levels are associated with menstrual irregularities [16]. Because the COVID-19 pandemic has changed peoples’ lives in many aspects (losing loved ones, losing jobs, affecting their health, etc.), it has acted as a stressor, and many researchers believe it has affected menstrual cycles. A recent paper has reported a significant prolongation of menses and heavier bleeding during menses in respondents with a high perceived stress scale (PSS) compared to those with a moderate COVID-19 PSS [17].



There has been substantial media coverage about COVID-19 vaccines causing menstrual cycle irregularities. Up to 2 February 2022, a total of 49,427 menstrual disorders suspected to be caused by vaccination were reported in the UK following the administration of all three COVID-19 vaccines. These included heavier-than-usual periods, delayed periods, and unexpected vaginal bleeding. Approximately 71.8 million COVID-19 vaccine doses were administered to women in the UK up to 2 February 2022 [18]. A study by Edelman et al. found that COVID-19 vaccination was associated with a less than 1-day prolongation of cycle length but not menses length [19]. A recently published study by Laganà et al. [20] reported that approximately 50 to 60% of reproductive-age women that received the first dose of COVID-19 vaccine had menstrual cycle irregularities, regardless of the type of vaccine administered, with a slightly higher (60–70%) occurrence after the second dose. The most common alterations were shorter menstrual cycles, longer cycles, and heavier menstruation than was expected and usual.



Dexamethasone has been important in the treatment of hospitalized COVID-19 patients [21]. It might be a risk factor for menstrual changes in COVID-19 patients, affecting menstrual cycle patterns and blood loss through cortisol [22].



All three studies were conducted in the first half of 2020 during the first wave of the pandemic, so they might be more comparable in terms of virus variants and the impact of a specific wave, since the different waves and variants of the virus had varying impacts on the world population and its health [23,24]. An important aspect of a study is choosing a representative group of participants. Li et al. [10] chose hospitalized COVID-19 patients, which might not be the most representative sample group. Hospital admission itself can be a stressful event for patients and thus affect the menstrual cycle [25]. It also implies a greater severity of disease and other confounding factors that might affect the menstrual cycle. Approximately 7% of people infected with SARS-CoV-2 need hospitalization [26], and hospitalized COVID-19 patients are more likely to be obese, polymorbid, or have metabolic syndrome, which can all cause menstrual irregularities on their own [27,28]. The menstrual data obtained for the studies could be subject to reporting bias because of subjective self-reports of menstrual irregularities. Whereas the first and third studies obtained the menstrual history from medical records, it was not specified how the menstrual history data were gathered. The second study relied on patient reports by asking about changes in the menstrual cycle. The authors of the second study found that patients that reported changes in their menstrual cycle were more likely to report a greater number of COVID-19 symptoms. This could be due to heightened health awareness and could result in reporting bias [29]. Considering all of the information gathered, vaccination could not have played a role in menstrual irregularities in the three studies included in this review [10,11,12] because they had ended by the time the first SARS-CoV-2 vaccine was introduced to the public. Li et al. [10] report assessing for the following risk factors: age, severity of illness, comorbidities, the presence of complications in other organs, and glucocorticoid treatment. Only the presence of complications in other organs was found to be associated with menstrual cycle prolongation. Khan et al. [12] did not adjust for any confounding factors. Ding et al. [11] carried out assessments regarding hormonal changes but not menstrual changes. Treatments the patients received for COVID-19 were not described or controlled for in any of the discussed studies.




5. Conclusions


The findings of the studies examined indicate a change in menstrual cycle length and menstrual volume resulting from SARS-CoV-2 infection, mainly a decrease in menstrual volume and a prolongation of the menstrual cycle. They also indicate that the severity of COVID-19 does not play a role in menstrual cycle changes.



The research on this topic is still too scarce to draw definitive conclusions, and there is a need for further research. Indeed, we found only three suitable articles, and all had limitations that should be considered when constructing future studies. Because the SARS-CoV-2 virus is mutating and the restrictions are constantly changing and differ between different countries, it would be beneficial to adequately describe these conditions to make the results of future studies more comparable and more easily put into context. Future research should assess for psychological stress levels, COVID-19 vaccination status, COVID-19 therapy, comorbidities, and other possible confounding factors to distinguish the impact of all of these. It should also strive for more representative, larger sample sizes, including more than just hospitalized COVID-19 patients so that the results can be generalized to a broader population.



The menstrual cycle is an important part of a woman’s life. A normal menstrual cycle is an indicator of good health, and disturbances in the menstrual cycle can indicate underlying conditions. We conclude that future studies are necessary, all of which should include a large sample size, a control group, and an optimal research protocol. The relevant conclusions, which could be drawn only from a well-constructed study, would have a major effect on defining the impact of SARS-CoV-2 infection on the menstrual cycle.







Author Contributions


All authors (V.L., A.S.L., V.C., T.K. and D.L.) have contributed equally to the article. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


The study does not report any data.




Acknowledgments


The authors thank Donald Reindl and his team for assistance with editing a draft of this manuscript.




Conflicts of Interest


All the authors completed the ICMJE uniform disclosure form. The authors have no conflicts of interest to declare.




References


	



WHO Coronavirus (COVID-19) Dashboard. Available online: https://covid19.who.int/ (accessed on 21 February 2022).

	



Lovato, A.; De Filippis, C. Clinical presentation of COVID-19: A systematic review focusing on upper airway symptoms. Ear Nose Throat J. 2020, 99, 569–576. [Google Scholar] [CrossRef] [PubMed]

	



Xie, Y.; Xu, E.; Bowe, B.; Al-Aly, Z. Long-term cardiovascular outcomes of COVID-19. Nat. Med. 2022, 28, 583–590. [Google Scholar] [CrossRef] [PubMed]

	



Spudich, S.; Nath, A. Nervous system consequences of COVID-19. Science 2022, 375, 267–269. [Google Scholar] [CrossRef]

	



Morgan, E. Pandemic Periods: Why Women’s Menstrual Cycles Have Gone Haywire. Available online: https://www.theguardian.com/society/2021/mar/25/pandemic-periods-why-womens-menstrual-cycles-have-gone-haywire (accessed on 21 February 2022).

	



Phelan, N.; Behan, L.; Owens, L. The impact of the COVID-19 pandemic on women’s reproductive health. Front. Endocrinol. 2021, 12, 642755. [Google Scholar] [CrossRef] [PubMed]

	



Chirgwin, K.; Feldman, J.; Muneyyirci-Delale, O.; Landesman, S.; Minkoff, H. Menstrual function in human immunodeficiency virus-infected women without acquired immunodeficiency syndrome. J. Acquir. Immune Defic. Syndr. Hum. Retrovirol. 1996, 12, 489–494. [Google Scholar] [CrossRef]

	



King, E.; Albert, A.; Murray, M. HIV and amenorrhea. Aids 2019, 33, 483–491. [Google Scholar] [CrossRef]

	



Kurmanova, A.; Kurmanova, G.; Lokshin, V. Reproductive dysfunctions in viral hepatitis. Gynecol. Endocrinol. 2016, 32, 37–40. [Google Scholar] [CrossRef]

	



Li, K.; Chen, G.; Hou, H.; Liao, Q.; Chen, J.; Bai, H.; Lee, S.; Wang, C.; Li, H.; Cheng, L.; et al. Analysis of sex hormones and menstruation in COVID-19 women of child-bearing age. Reprod. BioMed. Online 2021, 42, 260–267. [Google Scholar] [CrossRef]

	



Ding, T.; Wang, T.; Zhang, J.; Cui, P.; Chen, Z.; Zhou, S.; Yuan, S.; Ma, W.; Zhang, M.; Rong, Y.; et al. Analysis of ovarian injury associated with COVID-19 disease in reproductive-aged women in Wuhan, China: An observational study. Front. Med. 2021, 8, 635255. [Google Scholar] [CrossRef]

	



Khan, S.; Shilen, A.; Heslin, K.; Ishimwe, P.; Allen, A.; Jacobs, E.; Farland, L. SARS-CoV-2 infection and subsequent changes in the menstrual cycle among participants in the Arizona CoVHORT study. Am. J. Obstet. Gynecol. 2022, 226, 270–273. [Google Scholar] [CrossRef]

	



Catalfamo, C.; Heslin, K.; Shilen, A.; Khan, S.; Hunsaker, J.; Austhof, E.; Barraza, L.; Cordova-Marks, F.; Farland, L.; Garcia-Filion, P.; et al. Design of the Arizona CoVHORT: A population-based COVID-19 cohort. Front. Public Health 2021, 9, 620060. [Google Scholar] [CrossRef]

	



Metlay, J.; Waterer, G.; Long, A.; Anzueto, A.; Brozek, J.; Crothers, K.; Cooley, L.; Dean, N.; Fine, M.; Flanders, S.; et al. Diagnosis and treatment of adults with community-acquired pneumonia. An official clinical practice guideline of the American Thoracic Society and Infectious Diseases Society of America. Am. J. Respir. Crit. Care Med. 2019, 200, e45–e67. [Google Scholar] [CrossRef] [PubMed]

	



Guan, W.; Ni, Z.; Hu, Y.; Liang, W.; Ou, C.; He, J.; Liu, L.; Shan, H.; Lei, C.; Hui, D.; et al. Clinical characteristics of coronavirus disease 2019 in China. N. Engl. J. Med. 2020, 382, 1708–1720. [Google Scholar] [CrossRef] [PubMed]

	



Nagma, S. To evaluate the effect of perceived stress on menstrual function. J. Clin. Diagn. Res. 2015, 9, QC01–QC03. [Google Scholar] [CrossRef] [PubMed]

	



Ozimek, N.; Velez, K.; Anvari, H.; Butler, L.; Goldman, K.; Woitowich, N. Impact of stress on menstrual cyclicity during the coronavirus disease 2019 pandemic: A survey study. J. Womens Health 2022, 31, 84–90. [Google Scholar] [CrossRef]

	



Coronavirus Vaccine-Weekly Summary of Yellow Card Reporting. Available online: https://www.gov.uk/government/publications/coronavirus-covid-19-vaccine-adverse-reactions/coronavirus-vaccine-summary-of-yellow-card-reporting#annex-1-vaccine-analysis-print (accessed on 16 February 2022).

	



Edelman, A.; Boniface, E.; Benhar, E.; Han, L.; Matteson, K.; Favaro, C.; Pearson, J.; Darney, B. Association between menstrual cycle length and coronavirus disease 2019 (COVID-19) vaccination. Obstet. Gynecol. 2022, 139, 481–489. [Google Scholar] [CrossRef]

	



Laganà, A.; Veronesi, G.; Ghezzi, F.; Ferrario, M.; Cromi, A.; Bizzarri, M.; Garzon, S.; Cosentino, M. Evaluation of menstrual irregularities after COVID-19 vaccination: Results of the MECOVAC survey. Open Med. 2022, 17, 475–484. [Google Scholar] [CrossRef]

	



Therapeutic Management of Hospitalized Adults with COVID-19. Available online: https://www.covid19treatmentguidelines.nih.gov/ (accessed on 27 February 2022).

	



Warner, P.; Whitaker, L.; Parker, R.; Weir, C.; Douglas, A.; Hansen, C.; Madhra, M.; Hillier, S.; Saunders, P.; Iredale, J.; et al. Low dose dexamethasone as treatment for women with heavy menstrual bleeding: A response-adaptive randomised placebo-controlled dose-finding parallel group trial (DexFEM). EBioMedicine 2021, 69, 103434. [Google Scholar] [CrossRef]

	



Kunno, J.; Supawattanabodee, B.; Sumanasrethakul, C.; Wiriyasivaj, B.; Kuratong, S.; Kaewchandee, C. Comparison of different waves during the COVID-19 pandemic: Retrospective descriptive study in Thailand. Adv. Prev. Med. 2021, 2021, 5807056. [Google Scholar] [CrossRef]

	



Iftimie, S.; López-Azcona, A.; Vallverdú, I.; Hernández-Flix, S.; De Febrer, G.; Parra, S.; Hernández-Aguilera, A.; Riu, F.; Joven, J.; Andreychuk, N.; et al. First and second waves of coronavirus disease-19: A comparative study in hospitalized patients in Reus, Spain. PLoS ONE 2021, 16, e0248029. [Google Scholar] [CrossRef]

	



Volicer, B.; Burns, M. Preexisting correlates of hospital stress. Nurs. Res. 1977, 26, 408–415. [Google Scholar] [CrossRef] [PubMed]

	



Mahajan, S.; Caraballo, C.; Li, S.; Dong, Y.; Chen, L.; Huston, S.; Srinivasan, R.; Redlich, C.; Ko, A.; Faust, J.; et al. SARS-CoV-2 Infection hospitalization rate and infection fatality rate among the non-congregate population in Connecticut. Am. J. Med. 2021, 134, 812–816.e2. [Google Scholar] [CrossRef] [PubMed]

	



Vahey, G.; McDonald, E.; Marshall, K.; Martin, S.; Chun, H.; Herlihy, R.; Tate, J.; Kawasaki, B.; Midgley, C.; Alden, N.; et al. Risk factors for hospitalization among persons with COVID-19—Colorado. PLoS ONE 2021, 16, e0256917. [Google Scholar] [CrossRef] [PubMed]

	



Lee, S.; Kim, D.; Nam, G.; Nam, H.; Kim, Y.; Lee, S.; Han, K.; Park, Y. Association between metabolic syndrome and menstrual irregularity in middle-aged Korean women. Korean J. Fam. Med. 2016, 37, 31. [Google Scholar] [CrossRef] [PubMed]

	



Sharp, G.; Fraser, A.; Sawyer, G.; Kountourides, G.; Easey, K.; Ford, G.; Olszewska, Z.; Howe, L.; Lawlor, D.; Alvergne, A.; et al. The COVID-19 pandemic and the menstrual cycle: Research gaps and opportunities. Int. J. Epidemiol. 2021, 51, 691–700. [Google Scholar] [CrossRef]








[image: Jcm 11 03800 g001 550] 





Figure 1. Search strategy and study selection used in this systematic review following the PRISMA protocol. 
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Table 1. Summary of the main characteristics of the studies included in the systematic review.
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	First Author, Year
	Type of Study
	Comparison
	Sample Size
	Sample Characteristics
	Inclusion Criteria
	Exclusion Criteria





	Li et al., 2021 [10]
	Cross-sectional hospital-based study
	COVID-19 patients vs. controls and COVID-19 patients during disease vs. before
	177 cases (119 non-severe cases, 58 severe); 91 controls
	Average age 36
	Women between 18 and 45 years old;

confirmed COVID-19
	Pregnant or lactating; history of a diagnosis of ovarian dysfunction in the 6 months before onset of disease: manifestation of delayed menses, menstrual irregularities, or earlier menopause; prior hysterectomy or oophorectomy



	Khan et al., 2021 [12]
	Prospective population-based cohort study
	COVID-19 patients that reported a change in menstrual cycle after infection vs. COVID-19 patients that reported no changes
	127 (20 participants that reported a change in their menstrual cycle after infection, 107 participants that did not report a change)
	Patients that reported menstrual cycle irregularities: mean age 30.5; mean BMI 28.1.

Patients that did not report menstrual cycle irregularities: mean age 30.6; mean BMI 27.6
	SARS-CoV-2-positive participants that were 18 to 45 years old, identified as women or nonbinary
	Currently or recently pregnant, as of January 2020



	Ding et al., 2021 [11]
	Cross-sectional hospital-based study
	Severe vs. non-severe COVID-19 cases
	78 (61 non-severe cases, 17 severe)
	Median age 43, median BMI 22.7, all had one child or more, 48% had a recent mental disorder, 12% had a history of benign gynecological disease, 36% had undergone gynecological surgery
	Female patients of reproductive age and younger than 50
	Ovarian diseases or ovarian surgery history;

denial of request for blood collection;

pregnancy;

taking oral or transdermal estrogen-containing products







BMI: body mass index.
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Table 2. Summary of the main findings of the studies included in the systematic review.
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	First Author, Year
	Main Findings





	Li et al., 2021 [10]
	Forty-five (25%) patients presented with menstrual volume changes and fifty (28%) patients had menstrual cycle changes, mainly concerning decreased volume (20%) and a prolonged cycle (19%);

severely ill patients had more comorbidities than mildly ill patients (34% versus 8%).



	Khan et al., 2021 [12]
	People that reported changes in their menstrual cycle after SARS-CoV-2 infection reported more COVID-19 symptoms than those that did not. The mean age (30.5 vs. 30.6) and the mean BMI (28.1 vs. 27.0) of the two groups were similar. The percentage of patients of Hispanic ethnicity was higher among the patients that had reported menstrual cycle changes (50% vs. 24.3%).



	Ding et al., 2021 [11]
	Menstrual status (p = 0.55), menstrual volume (p = 0.066), phase of menstrual cycle (p = 0.58), and dysmenorrhea history (p = 0.12) were similar without significant differences between non-severe and severe COVID-19 women
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stress (n=12)

Other inclusion criteria not met (n =7)

Studies included in review (n = 3)
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