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Original Research

Associations AmongMenstrual Cycle Length,
Coronavirus Disease 2019 (COVID-19),
and Vaccination

Alexandra Alvergne, PhD, Emily Boniface, MPH, Blair Darney, PhD, MPH, Amanda Shea, PhD,
Kirsten Weber, PhD, Cécile Ventola, PhD, Virginia J. Vitzthum, PhD, and Alison Edelman, MD, MPH

OBJECTIVE: To assess whether coronavirus disease 2019

(COVID-19) is associated with menstrual cycle length

changes and, if so, how that compares with those

undergoing vaccination or no event (control).

METHODS: We conducted a retrospective cohort anal-

ysis in which we analyzed prospectively tracked cycle-

length data from users of a period tracker application

who also responded to a survey regarding COVID-19

symptoms and vaccination. We restricted our sample to

users aged 16–45 years, with normal cycle lengths (24–38

days) and regular tracking behavior during the five cycles

around COVID-19 symptoms or vaccination or a similar

time period for those experiencing no event (control

group). We calculated the within-user change in cycle

length (days) from the three consecutive cycles preevent

average (either vaccination, disease, or neither; cycles 1–

3) to the event (cycle 4) and postevent (cycle 5) cycles.

We used mixed-effects models to estimate the age- and

country-adjusted difference in change in cycle length

across the groups.

RESULTS: We included 6,514 users from 110 countries

representing 32,570 cycles (COVID-19 symptoms: 1,450;

COVID-19 vaccination: 4,643; control: 421). The COVID-

19 cohort experienced a 1.45-day adjusted increase in

cycle length during cycle 4 (COVID-19) compared with

their three preevent cycles (95% CI 0.86–2.04). The vac-

cinated group experienced a 1.14-day adjusted increase

in cycle length during cycle 4 (COVID-19 vaccine) com-

pared with their preevent average (95% CI 0.60–1.69).

The control group (neither vaccine nor disease) experi-

enced a 0.68-day decrease (95% CI 21.18 to 20.19) in a

similar time period. Post hoc tests showed no significant

differences in the magnitude of changes between the

COVID-19 and vaccination cohorts. In both cohorts,

cycle length changes disappeared in the postevent cycle.

CONCLUSION: Experiencing COVID-19 is associated

with a small change in cycle length similar to COVID-

19 vaccination. These changes resolve quickly within the

next cycle.

(Obstet Gynecol 2023;00:1–9)

DOI: 10.1097/AOG.0000000000005343

The coronavirus disease 2019 (COVID-19) pan-
demic has revealed many significant knowledge

gaps, notably a lack of information regarding the
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potential effects of vaccines and infection on the men-
strual cycle.1–3 Menstruation is increasingly being rec-
ognized as a critically important patient-reported
outcome,4–6 in part due to the initial scrutiny placed
on the association of COVID-19 vaccines and men-
strual cycle disturbances.7–15 Yet, as the prevalence of
COVID-19 has increased, growing reports of men-
strual disturbances after severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infection16,17

and with long-COVID18 are occurring.
The immune and reproductive systems are

known to interact with each other,19,20 and temporary
disruption of the menstrual cycle is seen with acute
infection and febrile episodes. However, previous lit-
erature on the association between COVID-19 and
menstrual cycle changes is scarce and inconsistent,
limited by small samples, recall bias, lack of compar-
ison (unexposed) groups, or small subgroups of par-
ticipants with COVID-19.21–23

Menstrual cycles have their own normal inherent
variability,24 which makes it particularly challenging
to determine whether an exposure causes a change
without access to prospectively collected population-
level data before and after the exposure. Similar to
prior work,8–10 we present an analysis of prospec-
tively collected menstrual cycle tracking data to assess
whether COVID-19 is associated with changes in
cycle length. We compared within-individual changes
in cycle length among groups: 1) a COVID-19 group,
2) a COVID-19–vaccinated group, and 3) a control
group of unvaccinated participants reporting no his-
tory of COVID-19.

METHODS

We conducted a retrospective cohort analysis of
menstrual cycle data collected prospectively by users
of the period tracker application (app) Clue, linked to
survey data on COVID-19 vaccination and disease
status. The study received clearance from the French
Research Institute for Development Ethic Board (IRD
CCERP), Montpellier University Ethic Board, and the
Oregon Health & Science University IRBs.

Only users aged 16–58 years with a registered
period tracker app account and who gave consent
for their pseudonymized data to be used for research
purposes were sent an in-app message to take part in
the survey, “Period and the Pandemic.” The survey
distributed to period tracker app users in the United
States, the United Kingdom, Canada, and Australia
between November 29, 2021, and February 8, 2022,
and then to all period tracker app users with their app
set to English-language between May 19, 2022, and
August 10, 2022. We stopped data collection when no

new entries were recorded. The link to the survey was
seen by 3,310,221 users, and 443,134 clicked on the
link, leading to a clickthrough rate of 13.4%, consis-
tent with typical response rates for in-app surveys.

After giving consent to link their survey and their
prospectively collected menstrual cycle data (starting
in 2019), users completed the survey questions
regarding their COVID-19 vaccination status and
dates of vaccination and COVID-19 history (month
and year of onset of first symptoms or date of a
positive test result), as well as age, body mass index
(BMI, calculated as weight in kilograms divided by
height in meters squared), and country of location. To
evaluate the independent associations of disease and
vaccination with cycle length, we created three
groups: 1) a control group, including participants with
no history of either COVID-19 vaccination or having
COVID-19; 2) a vaccinated group, including partic-
ipants with a history of COVID-19 vaccination but no
history of having COVID-19 and for whom the first
vaccine occurred in the first 38 days of the cycle and
the second vaccine occurred at least 38 days after the
first vaccine (to avoid the potential effects of a second
vaccine dose); and 3) a COVID-19 group, including
participants with a history of having COVID-19 and
reporting being either unvaccinated or vaccinated at
least 76 days (ie, two cycles of 38 days) after the onset
of COVID-19 symptoms.

We excluded individuals who reported hormonal
contraceptive use at any time between 2019 and the
time of the survey. Data on contraception were taken
either from the survey when available or from data
tracked by users within the app during the study
period. We also excluded users older than age 45
years, those for whom no cycle data were available,
those who did not report their COVID-19 and
vaccination status, and those who gave inconsistent
or no dates for COVID-19 symptoms or vaccination.
We removed all cycles flagged by users as abnormal
(n510,788).

We included users with at least five consecutive
cycles. For the control group, we selected the last
three cycles of 2020 (cycles 1–3) as artificial preevent
cycles and two post–first artificial event cycles, inclu-
sive of the event cycle (cycle 4). The artificial event
was the first cycle of 2021 that contained January 31,
2021, to reduce bias from asymptomatic cases and
align with the timing of most vaccinations. We used
alternative dates (October 31, 2019, January 31, 2020,
or October 31, 2020) in sensitivity analyses. For the
vaccinated group, we included three prevaccine cycles
(cycles 1–3) and two post–first vaccine cycles, inclu-
sive of the vaccination cycle (cycle 4). For the
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COVID-19 group, we included three pre-COVID
cycles (cycles 1–3) and two post–first COVID
cycles, inclusive of the COVID cycle (cycle 4). When
the month but not the day of COVID-19 symptom
onset was recorded, we took the cycle that overlapped
the most with the month during which COVID-19
symptoms occurred. For all three groups, we excluded
all participants with average preevent cycles outside
the 24–38 day range for cycle length.25 To reduce the
possibility that missing data increased the length of
the event cycle, we excluded all participants who
did not track at least one symptom of any type every
38 days in the 90 days after the start of cycle 4, so that
an absence of bleeding in this period cannot be attrib-
uted to nonadherence with tracking (Fig. 1).

Our primary exposure was self-reported vaccina-
tion and disease status (ie, group). Our primary
outcome was the within-user change in cycle length
(days) from the three-cycle preevent average (cycle 1–
3) to the event cycle (cycle 4). Our secondary outcome
was the within-user change in cycle length (days) from
the three-cycle preevent average (cycle 1–3) to the
first postevent (cycle 5). Our third outcome was the
proportion of users who experienced a clinically sig-
nificant change in cycle length (more than 8 days) in
cycles 4 and 5.25

Assuming an SD of 4 days and a minimum
sample size of 421 per group, we had more than
90% power to detect an unadjusted 1-day within-
individual difference in cycle length given three
groups, lowering the significance level from 0.05 to
0.0125 to adjust for multiple outcomes (Appendix 1,
available online at http://links.lww.com/AOG/
D312). All analyses were conducted using R 4.2.1.26

We compared within-individual changes in cycle
length between the three-cycle preevent average
(cycles 1–3) and cycles 4 and 5 using a two-sided t
test. We determined outliers using the Cook’s distance
method and excluded them for the analysis (Appen-
dix 2, available online at http://links.lww.com/AOG/
D312). We created histograms to compare the distri-
butions of changes in cycle length and compared the
proportion of individuals who experienced a clinically
significant change in cycle length (8 days or more)25

using Pearson’s x2 tests. We used longitudinal multi-
variable mixed-effects models to determine the
adjusted difference in the change in cycle length
among groups and plotted predicted values. Models
contained random intercepts and slopes at the individ-
ual level and interaction term between time (preevent
cycle average, event cycle, and postevent cycle) and
group (control, COVID-19, COVID-19 vaccination).
All estimates were adjusted for age and country, and

P values were adjusted for multiple comparisons using
a Bonferroni–Holm correction to control the family-
wise error rate. A post hoc Tukey honestly significant
difference (HSD) test was used to assess the signifi-
cance of differences between pairs of group means.

Age and country data were available for the full
selected sample, but information on BMI (categorized
as underweight, normal weight, overweight, or obe-
sity) was missing for most participants (94.6%; Appen-
dix 3, available online at http://links.lww.com/AOG/
D312). To avoid reducing statistical power, our com-
plete cases analysis did not include BMI as a covari-
ate. We then imputed data on BMI using a multiple
imputation approach,27 combining random forest
imputation with predictive mean matching (Appendix
3, http://links.lww.com/AOG/D312), and conducted
a sensitivity analysis.

We also explored whether vaccination before the
onset of COVID-19 symptoms mediated any associ-
ation between COVID-19 and cycle length. We
created an additional group including participants
reporting vaccination at least 3 months before the
onset of COVID-19 symptoms and reran all steps of
the analysis, including removing outliers and adjust-
ing for age and country (Appendices 4–6, available
online at http://links.lww.com/AOG/D312).

We conducted three sensitivity analyses to con-
firm the robustness of our findings: 1) we excluded
individuals who reported COVID-19 symptoms after
November 2021 to rule out any effect of the Omicron
wave (Appendix 7, available online at http://links.
lww.com/AOG/D312), 2) we performed a sensitivity
analysis including imputed data on BMI (Appendix 8,
available online at http://links.lww.com/AOG/
D312), and 3) we changed the timing of the artificial
COVID cycle in the control group (Appendix 9,
available online at http://links.lww.com/AOG/
D312).

RESULTS

Of 39,884 eligible individuals, 6,514 met inclusion
criteria (Fig. 1). The final study sample included 6,514
participants representing 32,570 cycles (five cycles per
individual), including 421 individuals in the control
group, 1,450 in the COVID-19 group, and 4,643 in
the COVID-19 vaccinated group (Table 1). Initial
COVID-19 symptoms occurred between January 1,
2020, and June 28, 2022, and initial COVID-19 vac-
cinations occurring between December 11, 2020, and
July 26, 2022 (Appendix 10, available online at http://
links.lww.com/AOG/D312). Included vaccine types
were Pfizer-BioNTech, Oxford-AstraZeneca, Corona-
Vac/Sinovac, Covishield, Johnson & Johnson/
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Janssen, Moderna, Sinopharm, and Sputnik V. Partic-
ipants were from 110 countries (Appendix 11, avail-
able online at http://links.lww.com/AOG/D312),
with most participants coming from the United States
(3,237, 49.7%), the United Kingdom (922, 14.1%),
Germany (324, 5.0%), Canada (235, 3.6%), France
(206, 3.2%), and Australia (206, 3.2%)

Individuals in the control group experienced a
0.68-day decrease in cycle length between cycles 1–3
and cycle 4 (95% CI 21.18 to 20.19, P5.007). Indi-

viduals in the vaccinated group experienced a 1.14-
day unadjusted increase in cycle length during the first
vaccination cycle compared with the prevaccination
average (Table 2, 95% CI 0.63–1.66, P,.001). Indi-
viduals in the COVID-19 cohort experienced a 1.45-
day unadjusted increase in cycle length during the first
COVID cycle compared with the average of their
three pre-COVID cycles (Table 2, 95% CI 0.89–
2.02, P,.001). A Tukey HSD test revealed no signif-
icant differences between the vaccinated and COVID-

Fig. 1. STROBE (Strengthening the
Reporting of Observational Studies in
Epidemiology) flow diagram. COVID-
19, coronavirus disease 2019.

Alvergne. Menstrual Cycle Length and
COVID-19. Obstet Gynecol 2023.
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19 groups (diff50.31, 95% CI 20.05 to 0.67, P5.11),
although they were both different from the control
group. The overlaid histogram shows a cycle length
change distribution in individuals in the COVID-19
and vaccinated groups that is roughly equivalent to
that in the control group, although slightly right-
skewed relative to the control distribution (Fig. 2A).
The proportion of individuals who experienced a clin-
ically significant change in cycle length of more than 8
days between the event cycle and the preevent aver-
age was 6.9% in the control group, 9.7% in the
COVID-19 group, and 6.3% in the vaccinated group.
After applying a Bonferroni correction, this propor-
tion remained higher for the COVID-19 group
(P,.001; Appendix 12, available online at http://
links.lww.com/AOG/D312). As compared with the
control group, after adjusting for age and country,
the change in cycle length remains at 1.45 days for
the COVID-19 cohort (95% CI 0.86–2.04, P,.001)
and 1.14 days for the vaccinated cohort (95% CI 0.
60–1.69, P,.001, Table 2, Fig. 3A).

Individuals in the COVID-19 cohort did not
experience an increase in unadjusted cycle length
cycle during the first post-COVID cycle compared
with the three pre-COVID cycles (Table 3, 95% CI
20.12 to 0.96, P5.3), nor did individuals in the con-
trol group (95% CI 20.83 to 0.12, P5.3) or the vac-
cination group (95% CI 20.08 to 0.92, P5.3). The
overlaid histogram shows a cycle length change dis-
tribution in individuals in the COVID-19 and vacci-
nated groups that is roughly equivalent to that in the
control group (Fig. 2B). The proportion of individuals
who experienced a clinically significant change in
cycle length of more than 8 days was 4.7% in the

control group, 8.1% in the COVID-19 group, and
6.9% in the vaccinated group. After applying a Bon-
ferroni correction, these proportions were not statisti-
cally different across groups (P5.33; Appendix 13,
available online at http://links.lww.com/AOG/
D312). Adjusted changes postcycle were not different
from unadjusted changes (Table 3, Fig. 3B).

We conducted a subanalysis in a cohort of
individuals vaccinated at least 3 months before the
onset of COVID-19 (n52,335). Individuals in the
cohort experienced a 1.02-day unadjusted increase in
cycle length from the three prevaccination cycles com-
pared with the first post-COVID cycle (95% CI 0.50–
1.54, P,.001) (Appendix 5, http://links.lww.com/
AOG/D312), which is lower than the change experi-
enced by those in the unvaccinated cohort who had
COVID-19 (1.44, 95% CI 0.90–1.99, P,.001) (Appen-
dix 5, http://links.lww.com/AOG/D312).

A Tukey HSD test revealed a significant differ-
ence between the group of individuals who had
COVID-19 after vaccination and the COVID-only
group (diff520.42, 95% CI 20.85 to 0.0031, adjusted
P5.05) but no differences between the vaccinated-
only group and the COVID-19-after-vaccination
group (diff520.17, 95% CI 20.15 to 0.49, adjusted
P5.52). The overlaid histogram shows a cycle length
change distribution in individuals in the COVID-19
and vaccinated groups that is roughly equivalent to
that in the control group (Appendix 4, http://links.
lww.com/AOG/D312). As compared with the control
group, after adjusting for age and country, the change
in cycle length is 1.02 days (95% CI 0.47–1.57, P,.
001) (Appendix 5, http://links.lww.com/AOG/D312)
for the cohort that was vaccinated before experiencing

Table 1. Sample Characteristics

Variable

Group

P*Overall (N56,514) COVID-19 (n51,450) Control (n5421) Vaccinated (n54,643)

Age (y) ,.001
17–20 1,420 (22) 374 (26) 121 (29) 925 (20)
21–25 1,252 (19) 289 (20) 83 (20) 880 (19)
26–30 1,214 (19) 266 (18) 76 (18) 872 (19)
31–35 1,146 (18) 225 (16) 61 (14) 860 (19)
36–40 879 (13) 175 (12) 50 (12) 654 (14)
41–45 603 (9.3) 121 (8.3) 30 (7.1) 452 (9.7)

Country ,.001
Other 2,355 (36) 561 (39) 94 (22) 1,700 (37)
United Kingdom 922 (14) 242 (17) 53 (13) 627 (14)
United States 3,237 (50) 647 (45) 274 (65) 2,316 (50)

Cycle length preevent average 28.7 (27.0–31.3) 28.7 (27.0–31.3) 29.0 (27.0–31.3) 28.7 (27.0–31.0) .53

Data are n (%) or median (interquartile range) unless otherwise specified.
* Kruskal-Wallis rank sum test or Pearson’s x2 test.
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COVID-19. There is no significant increase in cycle
length between the average of the three cycles before
vaccination and the first cycle post-COVID (95% CI
20.52 to 0.50, P5.98) (Appendix 6, http://links.lww.
com/AOG/D312).

After removing cases that occurred during the
Omicron variant dominance (n5293), the estimates
remained the same (Appendix 7, http://links.lww.
com/AOG/D312). When imputed data on BMI were
included in the adjusted model, estimates remained
unchanged (Appendix 8, http://links.lww.com/
AOG/D312). Using alternative timings for the artifi-

cial COVID cycle in the control group lead to signif-
icant and similar (0.82, 1.08 and 1.09-day increase)
changes for the COVID-19 group but no changes
for the control group and similar changes for the vac-
cinated group in some but not all cases (Appendix 9,
http://links.lww.com/AOG/D312).

DISCUSSION

We evaluated 32,570 cycles from 6,514 individuals to
evaluate whether COVID-19 is associated with
changes in menstrual cycle length and how any such
changes might compare with COVID-19 vaccination

Table 2. Unadjusted and Adjusted Estimates for Changes in Cycle Length Between the Three Preevent
Cycle Average (Cycles 1–3) and the Event Cycle (Cycle 4) (n56,396)*

Group

Within-Individual Unadjusted Change in Cycle Length
From 3 Preevent Cycle Average to Event Cycle

Adjusted Difference in Change (Event
Cycle) vs Unvaccinated Individuals

Estimate 95% CI P† Estimate 95% CI P†

Control (n5401) 20.68 21.18 to 20.19 .007 — — —
Vaccinated (n54,597) 1.14 0.63–1.66 ,.001 1.14 0.60–1.69 ,.001
COVID-19 (n51,398) 1.45 0.89–2.02 ,.001 1.45 0.86–2.04 ,.001

COVID-19, coronavirus disease 2019.
* The event cycle is the first vaccination cycle for the vaccinated cohort, the cycle during which COVID-19 symptoms first appeared for the

COVID-19 cohort, or the cycle including January 31, 2021, for the control cohort. All cycles are consecutive.
† Adjusted P-values based on the Holm-Bonferroni method.

Fig. 2. Distribution of changes in cycle length between the three preevent cycles average and the event cycle (A) and the
postevent cycle (B). This includes data from people who tracked any symptom at least every 38 days for 90 days from the
start of the event cycle and excludes outliers (n56,396). The proportion of individuals with a cycle change more than 15
days is 1.6% in the event cycle (A) and 2.1% in the postevent cycle (B). COVID-19, coronavirus disease 2019.
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or a control group. Among unvaccinated participants
reporting having COVID-19, we found a 1.45-day
increase in menstrual cycle length as compared with
their three preevent cycle-length average. This change
quickly resolved in the post-COVID cycle. We found
a similar small increase in menstrual cycle length for
the COVID-19–vaccinated cohort as compared with
their three preevent cycle-length average, which also
quickly resolved in the postvaccination cycle.
Although the differences for the COVID-19 and vac-
cinated groups were each statistically different from
the control group, they were not significantly different
from one another. Changes in cycle length associated
with COVID-19 and vaccination during the event
cycle were small in magnitude and not clinically sig-
nificant at the population level, but the proportion of
individuals who experienced a clinically significant
change of more than 8 days was higher for individuals
with COVID-19 than for those in the vaccination or
control groups. We also found that COVID-19 vacci-
nation at least 3 months before the onset of COVID-
19 symptoms was protective for COVID-19–
associated changes in cycle length.

Existing literature on the effects of COVID-19 on
the menstrual cycle is scant and somewhat variable,
but the overall signal appears to be consistently small
in magnitude. The Nurses’ Health Study 3 showed no
associations between COVID-19 and cycle length
changes in a prospective study of 3,858 premeno-

pausal U.S. health care professionals.23 This study’s
use of self-reported data collected 5–10 years apart1

likely hinders the resolution needed to detect small
changes. Previous studies among individuals who
tested positive for SARS-CoV-2 infection found larger
effects, with 15–25% of individuals reporting changes
to their menstrual cycles after SARS-CoV-2 infec-
tion.16,28 These studies likely overestimated the effects
due to a lack of control group and a higher proportion
of severely ill patients in the study populations.1 Yet, a
biological effect is suggested by a small study of 73
mostly Black and Hispanic women showing a signifi-
cant association between immunoglobulin G anti-
bodies and the perception of menstrual
irregularities.22 Our results are strengthened by the
use of prospectively tracked menstrual cycles and a
control group, the exclusion of contraceptive users,
and the power to detect a 1-day difference in cycle
length.

Several limitations exist in our study. First, we
relied on app users’ self-report of COVID-19
symptoms or a positive test result, as well as dates of
infection or illness or vaccination. However, an indi-
vidual’s self-report of COVID-19 symptoms earlier in
the pandemic, when we performed data collection,
was shown to be highly correlated with COVID-19,
and most individuals have easy access to dates of their
COVID-19 vaccinations.29,30 Our control cohort
likely included asymptomatic individuals with

Fig. 3. Adjusted within-individual
change in cycle length from the aver-
age length of three cycles preevent and
the event cycle (A) or the postevent
cycle (B) across groups and age groups.

Alvergne. Menstrual Cycle Length and
COVID-19. Obstet Gynecol 2023.
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COVID-19, who may be similar to controls in that
they likely do not experience menstrual cycle distur-
bances. A recent study supports this assumption,
showing a positive association between the number
of COVID-19 symptoms and menstrual cycle
changes.28 Second, SARS-CoV-2 variants may act dif-
ferently on menstrual cycles, and we have no biolog-
ical data to assess this possibility, although removing
the more virulent Omicron wave from our data did
not change the results. Third, our menstrual data rely
on tracking behavior, and any heterogeneity in track-
ing behavior makes it difficult to distinguish between a
real biological effect and a change in tracking behav-
ior due to being ill. We addressed this issue by includ-
ing only regular trackers (ie, participants who tracked
any symptom in the app in the 90 days after the start
of the cycle during which symptoms or the vaccina-
tion occurred). Although this prevents us from includ-
ing individuals who had simply forgotten to track
their cycles, it excludes people who stopped tracking
altogether because of being too symptomatic from
COVID-19.

We also do not have additional information about
this cohort’s education, income, or ethnicity, but prior
research using a cohort of period tracker app users
from the United States shows that the demographics
for respondents to surveys are reflective of the broad-
er U.S. population.31 We cannot account for pan-
demic stress, but adjusting for pandemic stress has
previously been found not to alter associations
between cycle length and COVID-19 vaccination.23

We are unable to comment on how COVID-19 or
vaccination affects hormonal contraceptive users or
individuals with gynecologic diseases. Previous stud-
ies on vaccination and menstrual cycle length have
shown that associations may be small to no increase
in individuals with gynecologic disorders.7–9,15

In summary, although the proportion of individ-
uals who experienced a clinically significant change in
cycle length of more than 8 days was higher for those
with COVID-19, at the population level, experiencing
COVID-19 was associated with a small and tempo-
rary change in cycle length similar to that with
COVID-19 vaccination.

REFERENCES
1. Male V. COVID-19 vaccination and menstruation. Science

2022;378:704–6. doi: 10.1126/science.ade1051

2. Male V. Menstrual changes after covid-19 vaccination. BMJ
2021;374:n2211. doi: 10.1136/bmj.n2211

3. Sharp GC, Fraser A, Sawyer G, Kountourides G, Easey KE,
Ford G, et al. The COVID-19 pandemic and the menstrual
cycle: research gaps and opportunities. Int J Epidemiol 2022;
51:691–700. doi: 10.1093/ije/dyab239

4. Critchley HOD, Maybin JA, Armstrong GM, Williams ARW.
Physiology of the endometrium and regulation of menstruation.
Physiol Rev 2020;100:1149–79. doi: 10.1152/physrev.00031.
2019

5. Critchley HOD, Babayev E, Bulun SE, Clark S, Garcia-Grau I,
Gregersen PK, et al. Menstruation: science and society. Am J
Obstet Gynecol 2020;223:624–64. doi: 10.1016/j.ajog.2020.06.
004

6. Hillard PJA. Menstruation in adolescents: what do we know?
And what do we do with the information? J Pediatr Adolesc
Gynecol 2014;27:309–19. doi: 10.1016/j.jpag.2013.12.001

7. Alvergne A, Woon EV, Male V. Effect of COVID-19 vaccina-
tion on the timing and flow of menstrual periods in two cohorts.
Front Reprod Health 2022;4:952976. doi: 10.3389/frph.2022.
952976

8. Edelman A, Boniface ER, Male V, Cameron ST, Benhar E,
Han L, et al. Association between menstrual cycle length and
covid-19 vaccination: global, retrospective cohort study of pro-
spectively collected data. BMJ Med 2022;1:e000297. doi: 10.
1136/bmjmed-2022-000297

9. Edelman A, Boniface ER, Benhar E, Han L, Matteson KA,
Favaro C, et al. Association between menstrual cycle length
and coronavirus disease 2019 (COVID-19) vaccination. Obstet
Gynecol 2022;139:481–9. doi: 10.1097/AOG.
0000000000004695

Table 3. Unadjusted and Adjusted Estimates for Changes in Cycle Length Between the Three Preevent
(COVID-19 or Vaccination) Cycle Average (Cycles 1–3) and the Postevent Cycle (Cycle 5)
(n56,396)*

Group

Within-Individual Unadjusted Change in Cycle
Length From Three Preevent Cycle Average to

Postevent Cycle
Adjusted Difference in Change (Postevent

Cycle) vs Unvaccinated Individuals

Estimate 95% CI P† Estimate 95% CI P†

Control (n5401) 20.36 20.83 to 0.12 .305 — — —
Vaccinated (n54,597) 0.42 20.08 to 0.92 .305 0.42 20.15 to 0.99 1
COVID-19 (n51,398) 0.42 20.12 to 0.96 .305 0.42 20.20 to 1.04 1

COVID-19, coronavirus disease 2019.
* The postevent cycle is the cycle after the first vaccination cycle for the vaccinated cohort, after the cycle during which COVID-19 symptoms

first appeared for the COVID-19 cohort, or after the cycle including January 31, 2021, for the control cohort. All cycles are consecutive.
† Adjusted P-values based on the Holm-Bonferroni method.

8 Alvergne et al Menstrual Cycle Length and COVID-19 OBSTETRICS & GYNECOLOGY

D
ow

nloaded from
 http://journals.lw

w
.com

/greenjournal by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0h
C

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
4/O

A
V

pD
D

a8K
2+

Y
a6H

515kE
=

 on 11/22/2023



10. Darney BG, Boniface ER, Van Lamsweerde A, Han L, Matte-
son KA, Cameron S, et al. Impact of coronavirus disease 2019
(COVID‐19) vaccination on menstrual bleeding quantity: an
observational cohort study. BJOG: Int J Obstet Gynaecol
2023;130:803–12. doi: 10.1111/1471-0528.17471

11. Gibson EA, Li H, Fruh V, Gabra M, Asokan G, Jukic AMZ,
et al. Covid-19 vaccination and menstrual cycle length in the
Apple Women’s Health Study. NPJ Digit Med 2022;5:165. doi:
10.1038/s41746-022-00711-9

12. Costeira R, Lee KA, Murray B, Christiansen C, Castillo-Fernandez
J, Ni Lochlainn M, et al. Estrogen and COVID-19 symptoms:
associations in women from the COVID symptom study. PLoS
One 2021;16:e0257051. doi: 10.1371/journal.pone.0257051

13. 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. Sci Adv
2022;8:eabm7201. doi: 10.1126/sciadv.abm7201

14. Muhaidat N, Alshrouf MA, Azzam MI, Karam AM, Al-Nazer
M, Al-Ani A. Menstrual symptoms after COVID-19 vaccine: a
cross-sectional investigation in the MENA region. Int J Wom-
en’s Health 2022;14:395–404. doi: 10.2147/IJWH.S352167

15. Alvergne A, Kountourides G, Argentieri MA, Agyen L, Rogers
N, Knight D, et al. A retrospective case-control study on men-
strual cycle changes following COVID-19 vaccination and dis-
ease. iScience 2023;26:106401. doi: 10.1016/j.isci.2023.106401

16. 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:e0270537. doi: 10.1371/journal.pone.0270537

17. Carp-Veliscu A, Mehedintu C, Frincu F, Bratila E, Rasu S,
Iordache I, et al. The effects of SARS-CoV-2 infection on
female fertility: a review of the literature. Int J Environ Res
Public Health 2022;19:984. doi: 10.3390/ijerph19020984

18. Lebar V, Laganà AS, Chiantera V, Kuni�c T, Lukanovi�c D. The
effect of COVID-19 on the menstrual cycle: a systematic
review. J Clin Med 2022;11:3800. doi: 10.3390/jcm11133800

19. Klein SL, Flanagan KL. Sex differences in immune responses.
Nat Rev Immunol 2016;16:626–38. doi: 10.1038/nri.2016.90

20. Bhatia A, Sekhon HK, Kaur G. Sex hormones and immune
dimorphism. Scientific World J 2014;2014:1–8. doi: 10.
1155/2014/159150

21. Li K, Chen G, Hou H, Liao Q, Chen J, Bai H, et al. Analysis of
sex hormones and menstruation in COVID-19 women of child-
bearing age. Reprod BioMedicine Online 2021;42:260–7. doi:
10.1016/j.rbmo.2020.09.020

22. Cherenack EM, Salazar AS, Nogueira NF, Raccamarich P, Ro-
driguez VJ, Mantero AM, et al. Infection with SARS-CoV-2 is

associated with menstrual irregularities among women of repro-
ductive age. PLoS One 2022;17:e0276131. doi: 10.1371/jour-
nal.pone.0276131

23. Wang S, Mortazavi J, Hart JE, Hankins JA, Katuska LM, Far-
land LV, et al. A prospective study of the association between
SARS-CoV-2 infection and COVID-19 vaccination with
changes in usual menstrual cycle characteristics. Am J Obstet
Gynecol 2022;227:739.e1–739.e11. doi: 10.1016/j.ajog.2022.
07.003

24. Li K, Urteaga I, Wiggins CH, Druet A, Shea A, Vitzthum VJ,
et al. Characterizing physiological and symptomatic variation in
menstrual cycles using self-tracked mobile-health data. NPJ
Digit Med 2020;3:79. doi: 10.1038/s41746-020-0269-8

25. Munro MG, Critchley HOD, Fraser IS. The two FIGO systems
for normal and abnormal uterine bleeding symptoms and clas-
sification of causes of abnormal uterine bleeding in the repro-
ductive years: 2018 revisions. Int J Gynecol Obstet 2018;143:
393–408. doi: 10.1002/ijgo.12666

26. R Core Team: A language and environment for statistical com-
puting. 2022. https://www.r-project.org/

27. Mayer M. MissRanger: fast imputation of missing value.
https://cran.r-project.org/package5missRanger

28. 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 CoVHORT
study. Am J Obstet Gynecol 2022;226:270–3. doi: 10.1016/j.
ajog.2021.09.016

29. Adorni F, Prinelli F, Bianchi F, Giacomelli A, Pagani G,
Bernacchia D, et al. Self-reported symptoms of SARS-
CoV-2 infection in a nonhospitalized population in Italy:
cross-sectional study of the EPICOVID19 web-based sur-
vey. JMIR Public Health Surveill 2020;6:e21866. doi: 10.
2196/21866

30. Gibbons C, Hussain M, O’Keeffe DT, Simpkin AJ. An analysis
of patient self-reported COVID-19 symptoms during the first
wave of the pandemic in Ireland. Irish J Med Sci. 2022;191:
543–6. doi: 10.1007/s11845-021-02598-z

31. Shea AA, Wever F, Ventola C, Thornburg J, Vitzthum VJ.
More than blood: app-tracking reveals variability in heavy
menstrual bleeding construct. BMC Womens Health 2023;23:
170. doi: 10.1186/s12905-023-02312-4

PEER REVIEW HISTORY
Received March 31, 2023. Received in revised form June 8, 2023.
Accepted June 15, 2023. Peer reviews and author correspondence
are available at http://links.lww.com/AOG/D313.

VOL. 00, NO. 00, MONTH 2023 Alvergne et al Menstrual Cycle Length and COVID-19 9

D
ow

nloaded from
 http://journals.lw

w
.com

/greenjournal by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0h
C

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
4/O

A
V

pD
D

a8K
2+

Y
a6H

515kE
=

 on 11/22/2023

https://www.r-project.org/
https://cran.r-project.org/package=missRanger
https://cran.r-project.org/package=missRanger
http://links.lww.com/AOG/D313

