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BACKGROUND: Despite anecdotal reports, the impacts of SARS-CoV- (91.4%) during follow-up. Vaccinated women had a higher risk of
2 infection or COVID-19 vaccination on menstrual health have not been

systemically investigated.

OBJECTIVE: This study aimed to examine the associations of SARS-

CoV-2 infection and COVID-19 vaccination with menstrual cycle

characteristics.

STUDY DESIGN: This study prospectively observed 3858 premeno-

pausal women in the Nurses’ Health Study 3 living in the United States or

Canada who received biannual follow-up questionnaires between January

2011 and December 2021 and completed additional monthly and quar-

terly surveys related to the COVID-19 pandemic between April 2020 and

November 2021. History of positive SARS-CoV-2 test, COVID-19 vacci-

nation status, and vaccine type were self-reported in surveys conducted in

2020 and 2021. Current menstrual cycle length and regularity “before

COVID-19” were reported at baseline between 2011 and 2016, and

current menstrual cycle length and regularity “after COVID-19” were re-

ported in late 2021. Pre- to post-COVID change in menstrual cycle length

and regularity was calculated between reports. Logistic or multinomial

logistic regression models were used to assess the associations between

SARS-CoV-2 infection and COVID-19 vaccination and change in menstrual

cycle characteristics.

RESULTS: The median age at baseline and the median age at end of
follow-up were 33 years (range, 21e51) and 42 years (range, 27e56),
respectively, with a median follow-up time of 9.2 years. This study

documented 421 SARS-CoV-2 infections (10.9%) and 3527 vaccinations
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increased cycle length than unvaccinated women (odds ratio, 1.48; 95%

confidence interval, 1.00e2.19), after adjusting for sociodemographic

and behavioral factors. These associations were similar after in addition

accounting for pandemic-related stress. COVID-19 vaccination was only

associated with change to longer cycles in the first 6 months after

vaccination (0e6 months: odds ratio, 1.67 [95% confidence interval,

1.05e2.64]; 7e9 months: odds ratio, 1.43 [95% confidence

interval, 0.96e2.14]; >9 months: odds ratio, 1.41 [95% confidence

interval, 0.91e2.18]) and among women whose cycles were short, long,
or irregular before vaccination (odds ratio, 2.82 [95% confidence interval,

1.51e5.27]; odds ratio, 1.10 [95% confidence interval, 0.68e1.77] for
women with normal length, regular cycles before vaccination). Messenger

RNA and adenovirus-vectored vaccines were both associated with this

change. SARS-CoV-2 infection was not associated with changes in usual

menstrual cycle characteristics.

CONCLUSION: COVID-19 vaccination may be associated with short-

term changes in usual menstrual cycle length, particularly among

women whose cycles were short, long, or irregular before vaccination. The

results underscored the importance of monitoring menstrual health in

vaccine clinical trials. Future work should examine the potential biological

mechanisms.

Key words: COVID-19 vaccine, menstrual cycle change, menstrual
cycle length, menstrual health, SARS-CoV-2 infection
Introduction
SARS-CoV-2 has infected more than 48
million people in the United States as of
December 2021.1 The Centers for Dis-
ease Control and Prevention recom-
mends COVID-19 vaccination for all
eligible persons, including those who
have been previously infected.2 As of
December 2021, 71% of the US popu-
lation has received at least 1 dose.3 Vac-
cines approved in the United States have
a profile for mild to moderate adverse
events, most of which are injection site
pain, headache, fatigue, and myalgia.4e6

Anecdotal reports that emerged in 2021
suggested that SARS-CoV-2 infection or
COVID-19 vaccination could result in
changes in menstrual cycles, raising
widespread media attention and public
interest, including a rapid response from
the US National Institutes of Health by
funding a COVID-19 and menstrual
health network.7e9 In addition, concerns
and unfounded information concerning
COVID-19 vaccination impairing
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reproductive health have become a ma-
jor reason for vaccine mistrust in the
general population and vaccine hesi-
tancy among children, adolescents, and
women of reproductive age.10e12

Therefore, the reproductive safety of
COVID-19 vaccination is an emerging
public health issue. Nevertheless, the
impacts of SARS-CoV-2 infection and
COVID-19 vaccination on menstrual
health have not been systemically
investigated.

Menstruation is tightly regulated by
the hypothalamic-pituitary-ovarian
(HPO) axis and can reflect women’s
overall health.13 The menstrual cycle can
be sensitive to a wide variety of inputs,
including stress, weight change, diet, and
erican Journal of Obstetrics & Gynecology 1.e1
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AJOG at a Glance

Why was this study conducted?
Despite the increasing public questions and mistrust concerning the potential
adverse reproductive impacts of COVID-19 infection and vaccination, there is
still limited research investigating this topic.

Key findings
In this prospective study of 3858 premenopausal nurses, vaccination against
COVID-19 was associated with a 1.7-fold increased risk of a short-term (<6
months) increase in usual menstrual cycle length, especially among women who
had irregular, short, or long prevaccination menstrual cycles. These associations
were observed for both messenger RNA and adenovirus-vectored vaccines and
were not explained by pandemic-related behavioral changes and mental stress.
SARS-CoV-2 infection was not related to changes in menstrual characteristics.

What does this add to what is known?
Our findings have implications for vaccine developers, clinicians, and researchers
to better understand the possible menstrual cycle changes after vaccination and to
inform patient expectations.
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medication use, all of which changed
during the COVID-19 pandemic.14

Acute viral infection has been associ-
ated with disturbances in menstruation
(eg, dysmenorrhea or short or long cy-
cles) through mechanisms involving
immune dysregulation and direct
inflammation of the ovaries.15,16 More-
over, new-onset menstrual abnormal-
ities have been reported after vaccination
against typhoid and hepatitis B.17,18

Previous studies have found an increase
in changes in menstrual cycle charac-
teristics during the COVID-19
pandemic or specifically after SARS-
CoV-2 infection or COVID-19 vaccina-
tion, although findings are
inconsistent.19e28 However, this limited
literature is severely hampered by cross-
sectional designs that do not allow
before and after comparisons and lack of
comparison with uninfected or unvac-
cinated women and fails to account for
pandemic-related stress and behavioral
changes.19e28

Here, we prospectively examined the
associations of SARS-CoV-2 infection
and COVID-19 vaccination with
changes in usual menstrual cycle char-
acteristics, among premenopausal health
professionals participating in an ongoing
prospective cohort study. In addition, we
examined the duration of such changes,
potential differences by vaccine type, and
1.e2 American Journal of Obstetrics & Gynecology
whether pandemic-related stress (eg,
distress, psychological well-being, or
local COVID-19 burden) accounted for
changes in usual menstrual cycle
characteristics.

Materials and Methods
Study design and population
TheNurses’Health Study 3 is an ongoing
Internet-based open cohort study
established in 2010, which includes fe-
male and male nurses and nursing stu-
dents from the United States and
Canada.29 As of December 2021, 48,907
female and 856 male participants born
on or after January 1, 1965, and aged
�18 years had enrolled. Follow-up
questionnaires were sent to participants
approximately every 6months. Themost
recent questionnaire (MOD12) was
launched in July 2021 and contained
questions regarding SARS-CoV-2 infec-
tion and COVID-19 vaccination status.
MOD2 (baseline, starting January 2011)
and MOD12 (end of follow-up,
December 2021) questionnaires
collected information about current
menstrual cycle characteristics. More-
over, we administered a series of sup-
plementary questionnaires assessing
health and well-being during the
pandemic (COVID-19 substudy)
beginning in April 2020. The 12,323
participants (40% of 30,643 invited)
MONTH 2022
who completed the first supplementary
COVID-19 questionnaire were asked to
complete monthly and quarterly surveys
until November 2021.

Women were eligible for this study if
they completed the Module 2 (MOD2)
and Module 12 (MOD12) questionnaires
before December 8, 2021 (n¼9345), and
had participated in the COVID-19 sub-
study or completed COVID-19 questions
in MOD12 (n¼9167). Women were
excluded if they reported the use of hor-
monal contraception in MOD12
(n¼717), had reached menopause
(n¼2836), had missing menstrual cycle
information on either MOD2 (n¼1135)
orMOD12 (n¼13), were pregnant or had
been pregnant in the 6 months preceding
menstrual cycle assessment (n¼607), or
were unsure about vaccination status
(blinded clinical trial participant, n¼1),
leaving 3858 participants in the analysis
(Figure). The study was approved by the
institutional review boards of Brigham
and Women’s Hospital and the Harvard
School of Public Health. Return of the
completed questionnaires implied
consent.

Menstrual cycle characteristics
Prepandemic and pandemic usual men-
strual cycle length and regularity were
measured on the MOD2 and MOD12
questionnaires, respectively, using the
same set of questions. Participants were
asked to report the usual length (<21 days,
21e25 days, 26e31 days, 32e39 days,
40e50 days, >50 days or too irregular to
count, or no period or amenorrhea) and
regularity (very regular [within 3 days],
regular [within 5e7 days], usually irreg-
ular, always irregular, or no period or
amenorrhea) of their menstrual cycles.
Change in menstrual cycle length and
regularity was derived by calculating the
difference in length or regularity that was
reported at 2 time points: a pre-COVID
assessment (MOD2) and a post-COVID
assessment (MOD12). Self-report of
usual menstrual cycle characteristics has
been previously validated.30,31

SARS-CoV-2 infection and COVID-
19 vaccination status
The date of a positive SARS-CoV-2
diagnostic test since March 1, 2020, was

http://www.AJOG.org


FIGURE
Flowchart of the study population selection, the Nurses’ Health Study 3

Participants were asked to report the usual length (<21 days, 21e25 days, 26e31 days, 32e39
days, 40e50 days, >50 days or too irregular to count, or no period or amenorrhea) and regularity
(very regular [within 3 days], regular [within 5e7 days], usually irregular, always irregular, or no
period or amenorrhea) of their menstrual cycle.

Wang. COVID-19 infection and vaccination and menstrual cycle changes. Am J Obstet Gynecol 2022.
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self-reported onMOD12 and each of the
COVID-19 substudy questionnaires.
COVID-19 vaccination status, vaccine
type, and date of the first dose were self-
reported onMOD12 and the second and
third quarterly follow-up of the COVID-
19 substudy.

Covariates
Demographic and socioeconomic char-
acteristics, including age, race and
ethnicity, height, weight, education,
smoking status, and country or state of
residence were self-reported at enroll-
ment. History of gynecologic diseases
was self-reported on MOD12. Current
healthcare working status was reported
on the COVID-19 substudy baseline
survey. Depressive symptoms, anxiety
symptoms, perceived stress, post-
traumatic stress disorder symptoms, and
worry about COVID-19 were measured
repeatedly in the COVID-19 substudy
(Table S1). County- and date-specific
COVID-19 mortality data were used to
derive a measure of time- and place-
specific COVID-19 burden.32
Statistical analysis
We first compared sociodemographic,
behavioral, and mental health charac-
teristics according to SARS-CoV-2
infection and COVID-19 vaccination
status at the end of follow-up. To
examine the cross-sectional associations
between SARS-CoV-2 infection and
COVID-19 vaccination and cycle char-
acteristics in 2021, we fitted logistic or
multinomial logistic regression models
with infection and vaccination each as
the independent variable to estimate
odds ratios (ORs) and 95% confidence
intervals (CIs) of categorized cycle
characteristics in 2021, adjusting for
demographic, behavioral, and socioeco-
nomic factors; time of follow-up; and
prepandemic cycle characteristics and
mutually adjusting for infection and
vaccination status. Among 3116 partici-
pants who were not using hormonal
contraception at MOD2, we also exam-
ined changes in usual menstrual cycle
length (no change, shorter, or longer)
and regularity (no change, more regular,
or less regular) during follow-up
MONTH 2022 Am
concerning infection and vaccination
status. In a subgroup of participants
(n¼2209) with repeated measures of
pandemic-related stress, we further
adjusted for the most recently reported
and the highest level of stress during
follow-up, respectively. Missing cate-
gorical values for covariates were
assigned to a missing indicator, and
median values were assigned for
continuous variables of covariates with
missing values (<1%). In secondary
analyses, we stratified analyses by the
timing between vaccination and report
of usual menstrual cycle characteristics
(0e6, 7e9, or >9 months) and vacci-
nation type (unvaccinated, messenger
RNA [mRNA; Pfizer-Moderna], or
adenovirus vectored [Janssen]) to
examine whether the change in usual
menstrual cycle characteristics was
transient and if there were potential
differences by vaccine type. In this
analysis, we excluded participants who
reported receiving the AstraZeneca vac-
cine (n¼9) and participants who did not
report vaccine type (n¼6). Lastly, we
performed 4 sensitivity analyses. First,
we excluded 1354 women more than 45
years old at the end of follow-up to
minimize the effect of menstrual
changes during the menopausal transi-
tion. Second, to reduce outcome
misclassification, we excluded 119
women reporting “no period or amen-
orrhea” at any time point. Third, we
excluded 348 women with self-reported
gynecologic conditions known to cause
menstrual disorders, including polycy-
stic ovary syndrome, uterine fibroids,
and endometriosis. Fourth, to examine
whether women with irregular or short
or long cycles were more susceptible to
menstrual cycle changes, we stratified
analyses by prepandemic menstrual cy-
cle characteristics. All analyses were
performed using SAS (version 9.4; SAS
Institute, Cary, NC). All statistical tests
were 2-sided, and statistical significance
was defined as P<.05.

Results
The 3858 women were predominantly
White (89.7%) and resided in the United
States (97.7%). The median age at
baseline and the median age at end of
erican Journal of Obstetrics & Gynecology 1.e3
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TABLE 1
Demographic, socioeconomic, and health characteristics according to SARS-CoV-2 infection and COVID-19
vaccination status between January 2011 and December 2021, 2021, the Nurses’ Health Study 3 (N[3858)

Characteristic

SARS-CoV-2 infection COVID-19 vaccination

No (n¼3437) Yes (n¼421) No (n¼331) Yes (n¼3527)

Age at baseline (y),a mean (SD) 33.4 (6.3) 33.4 (6.6) 32.5 (5.9) 33.4 (6.3)

Age at end of follow-up (y),b mean (SD) 42.4 (6.3) 42.4 (6.7) 41.8 (5.9) 42.5 (6.4)

Race and ethnicity, n (%)

Hispanic 133 (3.9) 19 (4.5) 18 (5.4) 134 (3.8)

Non-Hispanic White 3082 (89.7) 378 (89.8) 283 (85.5) 3177 (90.1)

Others 205 (6.0) 18 (4.3) 27 (8.2) 196 (5.6)

Region, n (%)

West 813 (23.7) 69 (16.4) 67 (20.2) 815 (23.1)

Midwest 941 (27.4) 146 (34.7) 120 (36.3) 967 (27.4)

South 714 (20.8) 107 (25.4) 83 (25.1) 738 (20.9)

Northeast 818 (23.8) 91 (21.6) 52 (15.7) 857 (24.3)

Military or outside of the United States 151 (4.4) 8 (1.9) 9 (2.7) 150 (4.3)

BMI at baseline (kg/m2),a mean (SD) 25.5 (5.9) 27.2 (7.0) 25.8 (5.8) 25.7 (6.1)

BMI at end of follow-up (kg/m2),b mean (SD) 27.4 (8.8) 29.2 (7.7) 27.4 (6.2) 27.6 (8.9)

Weight change (lb), mean (SD) 5.0 (17.7) 5.4 (11.2) 4.4 (9.2) 5.1 (17.7)

Smoking status, n (%)

Never 3262 (95.0) 396 (94.1) 307 (92.8) 3351 (95.1)

Past 87 (2.5) 16 (3.8) 12 (3.6) 91 (2.6)

Current 85 (2.5) 9 (2.1) 12 (3.6) 82 (2.3)

Educational attainment, n (%)

Nursing student, diploma in nursing, or associate’s
degree

198 (5.8) 27 (6.4) 49 (14.8) 176 (5.0)

Bachelor’s degree 1372 (39.9) 171 (40.6) 160 (48.3) 1383 (39.2)

Master’s degree 1478 (43.0) 183 (43.5) 97 (29.3) 1564 (44.4)

Doctorate degree 389 (11.3) 40 (9.5) 25 (7.6) 404 (11.4)

COVID-19 substudy participants only No (n¼2653) Yes (n¼338) No (n¼249) Yes (n¼2742)

Frontline healthcare worker, n (%)c 2001 (75.4) 279 (82.5) 176 (70.6) 2104 (76.7)

Depressive symptoms (PHQ-2),d mean (SD) 2.4 (1.7) 2.5 (1.7) 2.0 (1.6) 2.5 (1.7)

Anxiety symptoms (GAD-2),d mean (SD) 3.1 (1.7) 3.1 (1.6) 2.6 (1.7) 3.2 (1.7)

Posttraumatic stress symptoms (IES-6),d mean (SD) 1.8 (0.8) 1.7 (0.8) 1.4 (0.8) 1.8 (0.8)

Perceived stress (PSS-4),d mean (SD) 6.7 (3.0) 6.6 (3.0) 6.1 (2.9) 6.8 (3.0)

Worry about COVID-19,d n (%)

Not at all 25 (1.0) 3 (0.9) 14 (5.6) 14 (0.5)

Not very worried 225 (8.5) 39 (11.6) 79 (31.7) 185 (6.8)

Somewhat worried 1492 (56.5) 199 (59.1) 129 (51.8) 1562 (57.2)

Very worried 901 (34.1) 96 (28.5) 27 (10.8) 970 (35.5)

Wang. COVID-19 infection and vaccination and menstrual cycle changes. Am J Obstet Gynecol 2022. (continued)
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TABLE 1
Demographic, socioeconomic, and health characteristics according to SARS-CoV-2 infection and COVID-19
vaccination status between January 2011 and December 2021, 2021, the Nurses’ Health Study 3 (N[3858) (continued)

Characteristic

SARS-CoV-2 infection COVID-19 vaccination

No (n¼3437) Yes (n¼421) No (n¼331) Yes (n¼3527)

Residential county COVID-19 mortality/10,000,d,e n (%)

0.00 395 (15.7) 59 (18.0) 54 (22.5) 400 (15.4)

>0.00 to <0.25 763 (30.3) 83 (25.3) 53 (22.1) 793 (30.4)

0.25 to <0.75 621 (24.7) 91 (27.7) 74 (30.8) 638 (24.5)

0.75e7.37 739 (29.4) 95 (29.0) 59 (24.6) 775 (29.7)

Values of polytomous variables may not sum to 100% because of missing data. Missing data were 0.7% for BMI and 0.6% for race and ethnicity. The IES-6 was, adapted to be specific to COVID-19
trauma.

BMI, body mass index; GAD-2, 2-Item Generalized Anxiety Disorder; IES-6, 6-Item Impact of Events Scale;MOD2, Module 2;MOD12, Module 12; PHQ-2, 2-Item Patient Health Questionnaire; PSS-4,
4-Item Perceived Stress Scale; SD, standard deviation.

a MOD2 (2011e2016); b MOD12 (2021); c Physically working at a site providing clinical care; d The highest psychological distress level during follow-up; e County- and date-specific COVID-19
mortality data on the date of questionnaire return from the COVID-19 Data Repository by the Center for Systems Science and Engineering at Johns Hopkins University were used to derive a measure
of local COVID-19 burden.

Wang. COVID-19 infection and vaccination and menstrual cycle changes. Am J Obstet Gynecol 2022.
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follow-up were 33 years (range, 21e51)
and 42 years (range, 27e56), respec-
tively. The median follow-up time was
9.2 years. Approximately 1 in 10 partic-
ipants (421 [10.9%]) reported a positive
COVID-19 test betweenMarch 2020 and
October 2021. Among these partici-
pants, 223 tested positive after the first
dose of the vaccine. Most participants
(3527 [91.4%]) were vaccinated by
December 2021. Among women infec-
ted with SARS-CoV-2, the median time
from infection to end of follow-up was
8.7 months (range, 0.2e20.1). Among
vaccinated participants, the median time
fromvaccination to end of follow-upwas
8.5 months (range, 1.0e13.4). Most
women who were vaccinated during
follow-up received an mRNA vaccine;
women vaccinated with adenovirus-
vectored vaccines were vaccinated later
in follow-up (Table S2). Participants
who were infected were more likely to be
Hispanic, reside in the Midwest and
Southern United States, have a higher
body mass index, and be frontline
healthcare workers, and less likely to be
very worried about COVID-19 (Table 1)
than participants who never reported
SARS-CoV-2 infection during follow-
up. Vaccinated participants were more
likely to reside in the West and North-
eastern United States or outside of the
United States, have gained more weight
during follow-up, have higher
educational attainment, be frontline
healthcare workers, have higher levels of
pandemic-related mental health distress,
and reside in an area with greater
COVID-19 mortality rate than women
who had not received the first dose of a
COVID-19 vaccine.
Before the pandemic, among nonoral

contraceptive users, 18.6% of women
reported cycles of �32 days, and 15.0%
of women reported irregular cycles. The
corresponding figures were 17.6% and
22.7% in 2021. SARS-CoV-2 infection
and vaccination status were not associ-
ated with cycle length or regularity in
2021 after adjusting for age, baseline
cycle characteristics, and other factors
(Table S3).
Overall, 2227 women reported a

change in either cycle length (n¼1408)
or regularity (n¼1735) during follow-
up. COVID-19 vaccination was associ-
ated with a 48% higher risk of change to
longer cycles in multivariable-adjusted
models (OR, 1.48; 95% CI, 1.00e2.19)
(Table S4; Table 2). SARS-CoV-2 infec-
tion was not associated with changes in
cycle length or regularity. The results
were similar after adjusting for cycle
characteristics at baseline (Table S5),
healthcare worker status, mental health
status, and local COVID-19 burden
(Table S6).
COVID-19 vaccination was associated

with a change in cycle length only in the
MONTH 2022 Am
first 6 months after vaccination (0e6
months: OR, 1.67 [95% CI, 1.05e2.64];
7e9 months: OR, 1.43 [95% CI,
0.96e2.14]; >9 months: OR, 1.41 [95%
CI, 0.91e2.18]) (Table 3). The associa-
tion of vaccination status with change in
cycle length was similar for mRNA and
adenovirus-vectored vaccines (Table 4).
There was a suggestion that adenovirus-
vectored vaccines were related to a
higher likelihood of change in cycle
regularity, but there were few women in
this group (n¼75), with a shorter dura-
tion of postvaccination follow-up. We
did not detect a difference in the
observed associations between brands of
mRNA vaccines (Table S7).

The results were similar in analyses
restricted to participants <45 years old
(Table S8), excluding participants
reporting “no period” at any time points
(Table S9) and participants with gyne-
cologic conditions known to affect
menstrual patterns (Table S10). Never-
theless, the association between COVID-
19 vaccination and increased menstrual
cycle length seemed to be driven by
women reporting irregular or short or
long (<26 or�32 days) cycles at baseline
(Table 5; Tables S11 and S12).

Comment
Principal findings
In this prospective study of 3858 pre-
menopausal women, COVID-19
erican Journal of Obstetrics & Gynecology 1.e5
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TABLE 2
ORs and 95% CIs of change in menstrual cycle characteristics concerning
SARS-CoV-2 infection and COVID-19 vaccination status, the Nurses’ Health
Study 3 (N[3116)

Change in usual menstrual
characteristics

SARS-CoV-2 infectiona

n¼349
OR (95% CI)

COVID-19 vaccinationb

n¼2835
OR (95% CI)

Change in cycle length or regularity

Any change (n¼2227) 0.84 (0.66e1.08) 1.10 (0.84e1.45)

Change in cycle length

Any change (n¼1408) 0.89 (0.71e1.12) 1.27 (0.98e1.65)

Change in cycle lengthc

Shorter (n¼858) 0.89 (0.68e1.16) 1.17 (0.88e1.57)

Longer (n¼550) 0.89 (0.64e1.22) 1.48 (1.00e2.19)

Change in cycle regularity

Any change (n¼1735) 0.90 (0.72e1.14) 0.86 (0.67e1.12)

Change in cycle regularityc

More regular (n¼709) 0.81 (0.60e1.10) 0.89 (0.65e1.22)

Less regular (n¼1026) 0.97 (0.74e1.27) 0.83 (0.61e1.12)

Change in cycle characteristics was defined by change in 3 categories: cycle regularity ([1] very regular [�3 days], [2] regular
[within 5e7 days], or [3] usually irregular or always irregular or no period) and cycle length ([1]<26 days, [2] 26e31 days, or
[3]�32 days). Models were adjusted for age at baseline, follow-up time, body mass index at end of follow-up, weight change,
race and ethnicity, educational attainment, region, and mutually adjusting for SARS-CoV-2 infection and vaccination. Of note,
742 hormonal contraception users at MOD2 were excluded from the analysis.

CI, confidence interval; OR, odds ratio.

a Reference: uninfected; b Reference: unvaccinated; c Multinomial logistic model.

Wang. COVID-19 infection and vaccination and menstrual cycle changes. Am J Obstet Gynecol 2022.
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vaccination was associated with an in-
crease in usual menstrual cycle length,
after adjusting for potential con-
founders, including local COVID-19
burden and pandemic-related stressors.
This change seemed to be limited to the 6
months after vaccination and was the
strongest among women whose cycles
were irregular, short, or long before the
pandemic. This association was similar
for adenovirus-vectored and mRNA
vaccines. SARS-CoV-2 infection was not
associated with changes in usual men-
strual characteristics.

Results in the context of what is
known
Menstrual health is known to changewhen
challenged by psychosocial, interpersonal,
or environmental stressors,14,33 all of
which occurred during the COVID-19
pandemic. Existing literature has gener-
ated conflicting results characterizing
1.e6 American Journal of Obstetrics & Gynecology
menstrual cycle profiles during the
pandemic. Of note, 3 previous studies
observed a higher prevalence of menstrual
cycle disruptions (eg, irregularity,
decreased duration of periods, and more
severe menstrual symptoms) during the
pandemic than before the
pandemic,21,23,25whereas data of another 2
studies found no change or a decreased
incidence of menstrual disorders (eg,
anovulatory cycles, abnormal cycle
lengths, and prolonged menses).19,26

However, these studies examined neither
infection nor vaccination. SARS-CoV-2
infection has been associated with men-
strual irregularity or abnormal bleeding in
3 retrospective studies.24,34,35 In contrast,
Ding et al36 found no change in menstrual
characteristics but a significant decline in
ovarian reserve (serum AMH [b, e0.162;
95% CI, e1.161 to e0.121]) when
comparing patients with COVID-19 to
age-matched uninfected women.
MONTH 2022
However, these previous studies were
cross-sectional and provided limited in-
formation about changes from prepan-
demic cycle characteristics or the
temporality of change relative to infection
or vaccination.

Our results suggested that COVID-19
vaccination results in short-term
increased risk of change in cycle length
(longer cycles), independent of infection
status. Menstrual disruptions have been
reported shortly after typhoid and hep-
atitis B virus vaccination, although
mechanisms explaining these changes
remain unexplored.17,18 The UK Medi-
cine and Healthcare products Regulatory
Agency has documented more than
40,000 suspected menstrual disorder
cases after 50 million COVID-19 vaccine
doses were administered to women.37 Of
note, 3 retrospective studies revealed that
20% to 50% of vaccinated women re-
ported changes in cycle length or flow,
with longer cycle length and heavier
flows more commonly reported in all 3
studies.20,27,38 To date, most of the re-
ported menstrual cycle changes were
short lived.27,37 Previous studies have
yielded mixed results in investigating the
associations between COVID-19 vaccine
and menstrual cycle change. A retro-
spective study of 1273 vaccinated women
in the United Kingdom did not find as-
sociations between COVID-19 vaccina-
tion and changes in menstruation.22

Another retrospective study of 5000
premenopausal vaccinated women in the
United Kingdom found that a history of
positive COVID-19 test was associated
with a 49% (95% CI, 20%e84%)
increased risk of any cycle change after
vaccination.20 However, these studies
lacked comparison with unvaccinated
women and did not exclude womenwho
were using hormonal contraception.
Similar to our findings, a prospective
cohort study of 3959 US women who
had normal prevaccination menstrual
cycle length (24e38 days) found that
COVID-19 vaccination was associated
with a small (<1 day) increase in usual
cycle length compared with unvacci-
nated women, and such changes atten-
uated after 2 cycles.28 However, this
study did not account for SARS-CoV-2
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TABLE 3
ORs and 95% CIs of change in menstrual cycle characteristics concerning SARS-CoV-2 infection and COVID-19 vaccination status, stratifying by the timing
between infection or vaccination and end of follow-up assessment of cycle characteristics, the Nurses’ Health Study 3 (N[3116)

Change in menstrual
characteristics

SARS-CoV-2 infection COVID-19 vaccination

Uninfected
OR (95% CI)
n¼2767

0e6 mo from
infection
OR (95% CI)
n¼56

7e9 mo from
infection
OR (95% CI)
n¼130

>9 mo from
infection
OR (95% CI)
n¼159

Unvaccinated
OR (95% CI)
n¼281

0e6 mo from
vaccination
OR (95% CI)
n¼392

7e9 mo from
vaccination
OR (95% CI)
n¼1541

>9 mo from
vaccination
OR (95% CI)
n¼641

Change in cycle length
or regularity

Any change Ref (1.0) 0.52 (0.30e0.90) 1.06 (0.71e1.60) 0.88 (0.62e1.24) Ref (1.0) 1.32 (0.93e1.87) 1.06 (0.80e1.42) 1.01 (0.74e1.39)

Change in cycle length

Any change Ref (1.0) 0.75 (0.43e1.31) 0.93 (0.65e1.34) 0.92 (0.66e1.27) Ref (1.0) 1.40 (1.02e1.92) 1.30 (0.99e1.69) 1.20 (0.89e1.61)

Change in cycle lengtha

Shorter Ref (1.0) 0.56 (0.28e1.15) 0.91 (0.59e1.40) 1.03 (0.71e1.48) Ref (1.0) 1.26 (0.87e1.80) 1.23 (0.91e1.66) 1.10 (0.79e1.54)

Longer Ref (1.0) 1.13 (0.56e2.29) 0.94 (0.58e1.54) 0.72 (0.44e1.18) Ref (1.0) 1.67 (1.05e2.64) 1.43 (0.96e2.14) 1.41 (0.91e2.18)

Change in cycle regularity

Any change Ref (1.0) 0.70 (0.41e1.21) 0.97 (0.67e1.39) 0.94 (0.68e1.31) Ref (1.0) 0.88 (0.64e1.20) 0.84 (0.65e1.10) 0.85 (0.64e1.14)

Change in cycle regularitya

More regular Ref (1.0) 0.61 (0.29e1.26) 0.97 (0.60e1.54) 0.81 (0.52e1.24) Ref (1.0) 0.89 (0.60e1.33) 0.89 (0.64e1.24) 0.81 (0.56e1.16)

Less regular Ref (1.0) 0.81 (0.43e1.52) 0.96 (0.63e1.47) 1.04 (0.71e1.53) Ref (1.0) 0.83 (0.57e1.21) 0.78 (0.57e1.07) 0.88 (0.62e1.24)

Change in cycle characteristics was defined by change in 3 categories: cycle regularity ([i] very regular [�3 days], [2] regular [within 5e7 days], or [3] usually irregular or always irregular or no period) and cycle length ([1]<26 days, [2] 26e31 days, or [3]�32 days).
Models were adjusted for age at baseline, follow-up time, body mass index at end of follow-up, weight change, race and ethnicity, educational attainment, region, and mutually adjusting for SARS-CoV-2 infection and vaccination. Of note, 742 hormonal contraception
users at MOD2 were excluded from analysis; 4 participants were missing date of infection; and 261 participants were missing date of vaccination.

CI, confidence interval; OR, odds ratio; Ref, reference.

a Multinomial logistic model.

Wang. COVID-19 infection and vaccination and menstrual cycle changes. Am J Obstet Gynecol 2022.
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TABLE 4
ORs and 95% CIs of change in menstrual cycle characteristics concerning COVID-19 vaccination status according to
vaccine type, the Nurses’ Health Study 3 (N[3102)

Change in menstrual
characteristics

COVID-19 vaccination

Unvaccinated
OR (95% CI)
n¼281

mRNA vaccinea

OR (95% CI)
n¼2746

Adenovirus-vectored vaccineb

OR (95% CI)
n¼75

Change in cycle length or regularity

Any change Ref (1.0) 1.08 (0.82e1.42) 2.00 (1.04e3.85)

Change in cycle length

Any change Ref (1.0) 1.26 (0.97e1.63) 1.42 (0.85e2.39)

Change in cycle lengthc

Shorter Ref (1.0) 1.16 (0.86e1.55) 1.25 (0.69e2.28)

Longer Ref (1.0) 1.47 (1.00e2.17) 1.78 (0.88e3.60)

Change in cycle regularity

Any change Ref (1.0) 0.84 (0.65e1.09) 1.97 (1.11e3.51)

Change in cycle regularityc

More regular Ref (1.0) 0.86 (0.63e1.18) 2.20 (1.12e4.33)

Less regular Ref (1.0) 0.81 (0.60e1.10) 1.80 (0.94e3.44)

Change in cycle characteristics was defined by change in 3 categories: cycle regularity([1] very regular [�3 days], [2] regular [within 5e7 days], or [3] usually irregular or always irregular or no period)
and cycle length ([1]<26 days, [2] 26e31 days, or [3]�32 days). Models were adjusted for age at baseline, follow-up time, body mass index at end of follow-up, weight change, race and ethnicity,
educational attainment, region, and SARS-CoV-2 infection. Of note, 742 hormonal contraception users at MOD2, 9 participants who reported AstraZeneca vaccine, and 6 participants with unknown
vaccine type were excluded from the analysis.

CI, confidence interval; mRNA, messenger RNA; OR, odds ratio.

a Pfizer or Moderna; b Johnson & Johnson (Jansen); c Multinomial logistic model.

Wang. COVID-19 infection and vaccination and menstrual cycle changes. Am J Obstet Gynecol 2022.
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infection or mental health or pandemic-
related stressors. Moreover, none of
these studies had measures of prepan-
demic menstrual cycle characteristics.

Clinical implications
We observed increases in usual cycle
length after vaccination with both
mRNA and adenovirus-vectored
COVID-19 vaccines, suggesting shared
mechanisms. There are multiple plau-
sible mechanisms to explain the
observed association, including immu-
nologic influences on sex hormones and
systemic inflammatory responses that
may invoke downstream responses in
target organs.39e41 A normal menstrual
cycle is characterized by tightly regulated
inflammatory and immune mediators,
particularly matrix metalloproteinases,
that facilitate the endometrial tissue
breakdown and degradation needed for
menstruation.42e44 Furthermore, im-
mune cell activation may contribute to
1.e8 American Journal of Obstetrics & Gynecology
heavy menstrual bleeding.45 The im-
mune response induced by both mRNA
and adenovirus-vectored vaccines may
temporarily affect the HPO axis, which
could lead to menstrual distur-
bances.46,47 More needs to be deter-
mined regarding the mechanisms by
which inflammatory response to a vac-
cine affects the ovaries and uterus. We
did not find evidence linking SARS-
CoV-2 infection with subsequent men-
strual changes, suggesting the short-
term effect of vaccines might differ
from the immune response to SARS-
CoV-2 infection, which seems to be
more extensive and tissue specific than
that elicited by vaccines.48,49 However,
because of the small number of infected
participants in this study, this finding
needs to be interpreted with caution.
Although not statistically significant,

changes in cycle length after the
adenovirus-vectored vaccine seemed to
be slightly stronger than those observed
MONTH 2022
with mRNA vaccines. Given that the
menstrual changes observed in our study
were short term, this apparent difference
could be the result of earlier access to
mRNA vaccines in this study population
rather than by a true difference in bio-
logical effects of different vaccine vec-
tors. The difference in vaccination
timing between mRNA and adenovirus-
vectored vaccines in our study and the
small number of women vaccinated with
the latter (n¼75) precluded us from
evaluating whether the changes associ-
ated with the adenovirus-vectored vac-
cine were short term as was the case in
the aggregate data.

Strengths and limitations
Our study has limitations. Menstrual
cycle characteristics and SARS-CoV-2
infection and vaccination were self-
reported, although the validity of self-
reported health information that is
high in cohorts of health professionals
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TABLE 5
ORs and 95% CIs of change in menstrual cycle characteristics concerning SARS-CoV-2 infection and COVID-19
vaccination status, stratified by menstrual cycle characteristics at baseline (participants who had regular [within 7
days] and normal [26e31 days] cycle length [n[1976] vs participants who had irregular [>7 days] or short or long
[<26 or ‡32 days] [n[1140] cycle length), the Nurses’ Health Study 3

Change in usual menstrual
characteristics

SARS-CoV-2 infectiona COVID-19 vaccinationb

Baseline menstrual cycle characteristics Baseline menstrual cycle characteristics

Regular and
normal length
OR (95% CI)

Irregular or short
or long cycle
OR (95% CI)

Regular and
normal length
OR (95% CI)

Irregular or short
or long cycle
OR (95% CI)

Change in cycle length or regularity

Any change 0.82 (0.61e1.11) 0.90 (0.56e1.46) 0.94 (0.66e1.32) 1.83 (1.12e3.00)

Change in cycle length

Any change 0.80 (0.58e1.10) 1.02 (0.70e1.50) 1.19 (0.83e1.71) 1.69 (1.12e2.54)

Change in cycle lengthc

Shorter 0.85 (0.58e1.22) 0.97 (0.62e1.50) 1.33 (0.87e2.05) 1.32 (0.85e2.06)

Longer 0.68 (0.42e1.11) 1.10 (0.68e1.77) 0.95 (0.56e1.60) 2.82 (1.51e5.27)

Change in cycle regularity

Any change 0.89 (0.66e1.20) 0.97 (0.66e1.42) 0.77 (0.55e1.08) 1.05 (0.69e1.59)

Change in cycle regularityc

More regular 0.82 (0.52e1.30) 0.83 (0.54e1.29) 0.82 (0.51e1.34) 1.05 (0.66e1.66)

Less regular 0.90 (0.64e1.25) 1.22 (0.76e1.97) 0.74 (0.51e1.08) 1.01 (0.59e1.74)

Change in cycle characteristics was defined by change in 3 categories: cycle regularity ([1] very regular [�3 days], [2] regular [within 5e7 days], [3] usually irregular or always irregular or no period) or
cycle length ([1]<26 days, [2] 26e31 days, or [3]�32 days). Multivariable models were adjusted for age at baseline, follow-up time, body mass index at end of follow-up, weight change, race and
ethnicity, educational attainment, and region and mutually adjusted for SARS-CoV-2 infection and COVID-19 vaccination with each other. Of note, 742 hormonal contraception users at MOD2 were
excluded from analysis.

CI, confidence interval; OR, odds ratio.

a Reference: uninfected; b Reference: unvaccinated; c Multinomial logistic model.

Wang. COVID-19 infection and vaccination and menstrual cycle changes. Am J Obstet Gynecol 2022.
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and menstrual characteristics have been
demonstrated to be reported with strong
accuracy.50,51 That our study population
was mainly healthcare workers with a
high vaccination rate may have limited
the generalizability to populations with a
different pandemic experience,
including those with access to vaccina-
tions later in the course of the pandemic.
In addition, for many participants, our
primary exposure and outcome were
collected on the same questionnaire, so
the report of vaccination could have
influenced the report of menstrual cycle
characteristics. However, this bias
should be absent from the change in
menstrual characteristic analyses that
used prepandemic and postexposure
reports.

There were weaknesses in the preci-
sion of our data. First, although access to
menstrual cycle data that were reported
prospectively before the pandemic is a
strength for unbiased evaluation of
change, these prepandemic cycle char-
acteristics were reported 5 to 10 years
before the pandemic and may not be
representative of participants’menstrual
cycles immediately before COVID-19
vaccination or infection. Second, we
did not have information about the date
of vaccination relative to ovulation.
Because the uterine immune system
changes with the menstrual cycle, the
date of inoculation relative to the date of
last menstrual period may be rele-
vant.22,40,44 Third, we only collected
menstrual cycle length in categories,
which improved validity but may have
precluded us from detecting more subtle
changes in cycle characteristics if they
exist. Furthermore, we collected infor-
mation about “usual” cycle length. Thus,
we may not have detected changes that
MONTH 2022 Am
were too mild or transient for partici-
pants to perceive and report them as
newly “usual” cycle length or regularity.
Any change not interpreted as “usual”
would have biased our results toward an
erroneous null association.

Our study has several strengths. Peri-
odic surveys were administered over a 1-
year period during the COVID-19
pandemic, rigorously measuring inci-
dent SARS-CoV-2 infection and
COVID-19 vaccination, allowing com-
parison with those uninfected and un-
vaccinated. We were able to control for
the impacts of the pandemic on an in-
dividual’s social functioning, mental
health, and behavioral practices using
validated measures. Menstrual cycle
characteristics were collected prospec-
tively throughout women’s reproductive
years before and during the COVID-19
pandemic, which allowed us to
erican Journal of Obstetrics & Gynecology 1.e9
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compare menstrual cycle characteristics
before and after COVID-19 infection
and vaccination.

Conclusions
We found that COVID-19 vaccination
may be associated with a short-term
change toward longer menstrual cycles.
These changes were not explained by
differences in health-related behavioral
factors or pandemic-related stress. In
addition, these menstrual disturbances
did not seem to be related to vaccine
type. Our findings suggested the need to
monitor menstrual cycle health in vac-
cine clinical trials and increased atten-
tion to sex-based differences in vaccine
response, especially in the setting of the
rollout of COVID-19 boosters, which
provides another opportunity to study
this important issue. Future research will
be needed to understand the underlying
mechanisms for these associations. n

References

1. Centers for Disease Control and Prevention.
COVID data tracker weekly review. 2022. Avail-
able at: https://www.cdc.gov/coronavirus/
2019-ncov/covid-data/covidview/index.html.
Accessed December 7, 2021.
2. Centers for Disease Control and Prevention.
Getting a COVID-19 Vaccine. Available at:
https://www.cdc.gov/coronavirus/2019-ncov/
vaccines/expect.html?CDC_AA_refVal=https%
3A%2F%2Fwww.cdc.gov%2Fcoronavirus%
2F2019-ncov%2Fvaccines%2Fprepare-for-
vaccination.html. Accessed August 5, 2022.
3. Center of Disease Control and Prevention.
COVID-19 vaccinations in the United States.
2022. Available at: https://covid.cdc.gov/covid-
data-tracker/#vaccinations_vacc-total-admin-
rate-total. Accessed December 7, 2022.
4. Polack FP, Thomas SJ, Kitchin N, et al. Safety
and efficacy of the BNT162b2 mRNA Covid-19
vaccine. N Engl J Med 2020;383:2603–15.
5. Baden LR, el Sahly HM, Essink B, et al. Effi-
cacy and safety of the mRNA-1273 SARS-CoV-
2 vaccine. N Engl J Med 2021;384:403–16.
6. Sadoff J, Gray G, Vandebosch A, et al. Safety
and efficacy of single-dose Ad26.COV2.S vac-
cine against Covid-19. N Engl J Med 2021;384:
2187–201.
7. The Lily. Thesewomen say covid-19 changed
their periods. They’re calling for more research.
2021. Available at: https://www.thelily.com/
these-women-say-covid-19-changed-their-pe-
riods-theyre-calling-for-more-research/. Accessed
December 8, 2021.
8. Eunice Kennedy Shriver National Institute of
Child Health and Human Development. Item of
Interest: NIH funds studies to assess potential
effects of COVID-19 vaccination on
1.e10 American Journal of Obstetrics & Gynecolo
menstruation. 2021. Available at: https://www.
nichd.nih.gov/newsroom/news/083021-
COVID-19-vaccination-menstruation. Accessed
December 15, 2021.
9. The Washington Post. Your coronavirus
questions, answered: vaccines and menstrual
issues?. 2021. Available at: https://www.
washingtonpost.com/health/your-coronavirus-
questions-answered-vaccines-and-menstrual-
issues/2021/07/16/35491f26-e578-11eb-a41e-
c8442c213fa8_story.html. Accessed December
14, 2021.
10. Abbasi J. Widespread misinformation about
infertility continues to create COVID-19 vaccine
hesitancy. JAMA 2022;327:1013–5.
11. Centers for Disease Control and Prevention.
COVID-19 state of vaccine confidence
insights report. 2022. Available at: https://www.
cdc.gov/vaccines/covid-19/downloads/SoVC-
pediatric-report-2-24-22.pdf. Accessed March
21, 2022.
12. Hsu AL, Johnson T, Phillips L, Nelson TB.
Sources of vaccine hesitancy: pregnancy,
infertility, minority concerns, and general
skepticism. Open Forum Infect Dis 2021;9:
ofab433.
13. American Academy of Pediatrics Committee
on Adolescence, American College of Obstetri-
cians and Gynecologists Committee on
Adolescent Health Care, Diaz A, Laufer MR,
Breech LL. Menstruation in girls and adoles-
cents: using the menstrual cycle as a vital sign.
Pediatrics 2006;118:2245–50.
14. Munro MG, Critchley HO, Broder MS,
Fraser IS; FIGO Working Group on Menstrual
Disorders. FIGO classification system (PALM-
COEIN) for causes of abnormal uterine bleeding
in nongravid women of reproductive age. Int J
Gynaecol Obstet 2011;113:3–13.
15. Kurmanova AM, Kurmanova GM,
Lokshin VN. Reproductive dysfunctions in viral
hepatitis. Gynecol Endocrinol 2016;32:37–40.
16. Giunta I, Zayat N, Muneyyirci-Delale O. His-
tologic features, pathogenesis, and long-term
effects of viral oophoritis. F&S Reviews 2021;2:
342–52.
17. Shingu T, Uchida T, Nishi M, et al. Menstrual
abnormalities after hepatitis B vaccine. Kurume
Med J 1983;29:123–5.
18. Lamb AR. Experiences with prophylactic
typhoid vaccination: its effect on menstruation.
Arch Intern Med (Chic) 1913;12:565–77.
19. Aolymat I. A cross-sectional study of the
impact of COVID-19 on domestic violence,
menstruation, genital tract health, and contra-
ception use amongwomen in Jordan. AmJ Trop
Med Hyg 2020;104:519–25.
20. Alvergne A, Kountourides G, Argentieri MA,
et al. COVID-19 vaccination andmenstrual cycle
changes: a United Kingdom (UK) retrospective
case-control study. medRxiv. Available at:
https://www.medrxiv.org/content/10.1101/2021.
11.23.21266709v1. Accessed December 7,
2021.
21. Yuksel B, Ozgor F. Effect of the COVID-19
pandemic on female sexual behavior. Int J
Gynaecol Obstet 2020;150:98–102.
gy MONTH 2022
22. Male V. Effect of COVID-19 vaccination
on menstrual periods in a retrospectively
recruited cohort. medRxiv. Available at: https://
www.medrxiv.org/content/10.1101/2021.11.15.
21266317v1. Accessed December 7, 2021.
23. Takmaz T, Gundogmus I, Okten SB,
Gunduz A. The impact of COVID-19-related
mental health issues on menstrual cycle char-
acteristics of female healthcare providers.
J Obstet Gynaecol Res 2021;47:3241–9.
24. Li K, Chen G, Hou H, et al. Analysis of sex
hormones and menstruation in COVID-19
women of child-bearing age. Reprod Biomed
Online 2021;42:260–7.
25. Demir O, Sal H, Comba C. Triangle of
COVID, anxiety and menstrual cycle. J Obstet
Gynaecol 2021;41:1257–61.
26. Nguyen BT, Pang RD, Nelson AL, et al.
Detecting variations in ovulation and menstrua-
tion during the COVID-19 pandemic, using real-
world mobile app data. PLoS One 2021;16:
e0258314.
27. Norwegian Institute of Public Health.
Increased incidence of menstrual changes
among young women after coronavirus vacci-
nation. 2021. Available at: https://www.fhi.
no/en/studies/ungvoksen/increased-incidence-
of-menstrual-changes-among-young-women/.
Accessed January 6, 2022.
28. Edelman A, Boniface ER, Benhar E, et al.
AssociationBetweenmenstrual cycle length and
coronavirus disease 2019 (COVID-19) vaccina-
tion: a U.S. Cohort. Obstet Gynecol 2022;139:
481–9.
29. Bao Y, Bertoia ML, Lenart EB, et al. Origin,
methods, and evolution of the three nurses’
health studies. Am J Public Health 2016;106:
1573–81.
30. Solomon CG, Hu FB, Dunaif A, et al. Men-
strual cycle irregularity and risk for future car-
diovascular disease. J Clin Endocrinol Metab
2002;87:2013–7.
31. Jukic AM, Weinberg CR, Wilcox AJ,
McConnaughey DR, Hornsby P, Baird DD. Ac-
curacy of reporting of menstrual cycle length.
Am J Epidemiol 2008;167:25–33.
32. Rich-Edwards JW, Ding M,
Rocheleau CM, et al. American frontline
healthcare personnel’s access to and use of
personal protective equipment early in the
COVID-19 pandemic. J Occup Environ Med
2021;63:913–20.
33. Chrousos GP, Gold PW. The concepts of
stress and stress system disorders. Overview of
physical and behavioral homeostasis. JAMA
1992;267:1244–52.
34. Davis HE, Assaf GS, McCorkell L, et al.
Characterizing long COVID in an international
cohort: 7 months of symptoms and their impact.
EClinicalmedicine 2021;38:101019.
35. Khan SM, Shilen A, Heslin KM, et al. SARS-
CoV-2 infection and subsequent changes in the
menstrual cycle among participants in the Ari-
zona CoVHORT study. Am J Obstet Gynecol
2022;226:270–3.
36. Ding T, Wang T, Zhang J, et al. Analysis of
ovarian injury associatedwithCOVID-19disease

https://www.cdc.gov/coronavirus/2019-ncov/covid-data/covidview/index.html
https://www.cdc.gov/coronavirus/2019-ncov/covid-data/covidview/index.html
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/expect.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fvaccines%2Fprepare-for-vaccination.html
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/expect.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fvaccines%2Fprepare-for-vaccination.html
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/expect.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fvaccines%2Fprepare-for-vaccination.html
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/expect.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fvaccines%2Fprepare-for-vaccination.html
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/expect.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fvaccines%2Fprepare-for-vaccination.html
https://covid.cdc.gov/covid-data-tracker/#vaccinations_vacc-total-admin-rate-total
https://covid.cdc.gov/covid-data-tracker/#vaccinations_vacc-total-admin-rate-total
https://covid.cdc.gov/covid-data-tracker/#vaccinations_vacc-total-admin-rate-total
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref4
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref4
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref4
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref5
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref5
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref5
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref6
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref6
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref6
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref6
https://www.thelily.com/these-women-say-covid-19-changed-their-periods-theyre-calling-for-more-research/
https://www.thelily.com/these-women-say-covid-19-changed-their-periods-theyre-calling-for-more-research/
https://www.thelily.com/these-women-say-covid-19-changed-their-periods-theyre-calling-for-more-research/
https://www.nichd.nih.gov/newsroom/news/083021-COVID-19-vaccination-menstruation
https://www.nichd.nih.gov/newsroom/news/083021-COVID-19-vaccination-menstruation
https://www.nichd.nih.gov/newsroom/news/083021-COVID-19-vaccination-menstruation
https://www.washingtonpost.com/health/your-coronavirus-questions-answered-vaccines-and-menstrual-issues/2021/07/16/35491f26-e578-11eb-a41e-c8442c213fa8_story.html
https://www.washingtonpost.com/health/your-coronavirus-questions-answered-vaccines-and-menstrual-issues/2021/07/16/35491f26-e578-11eb-a41e-c8442c213fa8_story.html
https://www.washingtonpost.com/health/your-coronavirus-questions-answered-vaccines-and-menstrual-issues/2021/07/16/35491f26-e578-11eb-a41e-c8442c213fa8_story.html
https://www.washingtonpost.com/health/your-coronavirus-questions-answered-vaccines-and-menstrual-issues/2021/07/16/35491f26-e578-11eb-a41e-c8442c213fa8_story.html
https://www.washingtonpost.com/health/your-coronavirus-questions-answered-vaccines-and-menstrual-issues/2021/07/16/35491f26-e578-11eb-a41e-c8442c213fa8_story.html
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref10
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref10
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref10
https://www.cdc.gov/vaccines/covid-19/downloads/SoVC-pediatric-report-2-24-22.pdf
https://www.cdc.gov/vaccines/covid-19/downloads/SoVC-pediatric-report-2-24-22.pdf
https://www.cdc.gov/vaccines/covid-19/downloads/SoVC-pediatric-report-2-24-22.pdf
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref12
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref12
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref12
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref12
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref12
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref13
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref13
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref13
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref13
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref13
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref13
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref13
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref14
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref14
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref14
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref14
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref14
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref14
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref15
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref15
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref15
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref16
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref16
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref16
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref16
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref17
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref17
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref17
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref18
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref18
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref18
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref19
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref19
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref19
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref19
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref19
https://www.medrxiv.org/content/10.1101/2021.11.23.21266709v1
https://www.medrxiv.org/content/10.1101/2021.11.23.21266709v1
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref21
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref21
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref21
https://www.medrxiv.org/content/10.1101/2021.11.15.21266317v1
https://www.medrxiv.org/content/10.1101/2021.11.15.21266317v1
https://www.medrxiv.org/content/10.1101/2021.11.15.21266317v1
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref23
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref23
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref23
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref23
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref23
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref24
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref24
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref24
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref24
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref25
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref25
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref25
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref26
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref26
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref26
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref26
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref26
https://www.fhi.no/en/studies/ungvoksen/increased-incidence-of-menstrual-changes-among-young-women/
https://www.fhi.no/en/studies/ungvoksen/increased-incidence-of-menstrual-changes-among-young-women/
https://www.fhi.no/en/studies/ungvoksen/increased-incidence-of-menstrual-changes-among-young-women/
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref28
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref28
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref28
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref28
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref28
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref29
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref29
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref29
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref29
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref30
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref30
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref30
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref30
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref31
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref31
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref31
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref31
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref32
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref32
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref32
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref32
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref32
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref32
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref33
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref33
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref33
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref33
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref34
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref34
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref34
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref34
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref35
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref35
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref35
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref35
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref35
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref36
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref36
http://www.AJOG.org


ajog.org GYNECOLOGY Original Research
in reproductive-aged women in Wuhan, China:
an observational study. Front Med (Lausanne)
2021;8:635255.
37. Medicines & Health care products Regula-
tory Agency. Coronavirus vaccine - weekly
summary of Yellow Card reporting. 2021.
Available at: 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 December 7, 2021.
38. Lee KMN, Junkins EJ, Fatima UA, Cox ML,
Clancy KBH. Characterizing menstrual
bleeding changes occurring after SARS-CoV-2
vaccination. medRxiv. Available at: https://
www.medrxiv.org/content/10.1101/2021.10.11.
21264863v1. Accessed December 7, 2021.
39. Hunt JS, Miller L, Roby KF, Huang J,
Platt JS, DeBrot BL. Female steroid hormones
regulate production of pro-inflammatory mole-
cules in uterine leukocytes. J Reprod Immunol
1997;35:87–99.
40. Giefing-Kröll C, Berger P, Lepperdinger G,
Grubeck-Loebenstein B. How sex and age
affect immune responses, susceptibility to in-
fections, and response to vaccination. AgingCell
2015;14:309–21.
41. Al-Lami RA, Urban RJ, Volpi E, Algburi AMA,
Baillargeon J. Sex hormones and novel corona
virus infectious disease (COVID-19). Mayo Clin
Proc 2020;95:1710–4.
42. Berbic M, Fraser IS. Immunology of normal
and abnormal menstruation. Womens Health
(Lond) 2013;9:387–95.
43. Salamonsen LA, Woolley DE. Menstruation:
induction by matrix metalloproteinases and in-
flammatory cells. J Reprod Immunol 1999;44:
1–27.
44. Monin L, Whettlock EM, Male V. Immune
responses in the human female reproductive
tract. Immunology 2020;160:106–15.
45. Malik S, Day K, Perrault I, Charnock-
Jones DS, Smith SK. Reduced levels of VEGF-A
and MMP-2 and MMP-9 activity and increased
TNF-alpha in menstrual endometrium and
effluent in women with menorrhagia. Hum
Reprod 2006;21:2158–66.
46. Rivier C. Influence of immune signals on the
hypothalamic-pituitary axis of the rodent. Front
Neuroendocrinol 1995;16:151–82.
47. Skelly DT, Harding AC, Gilbert-Jaramillo J,
et al. Two doses of SARS-CoV-2 vaccination
induce robust immune responses to emerging
SARS-CoV-2 variants of concern. Nat Commun
2021;12:5061.
48. Sette A, Crotty S. Adaptive immunity to SARS-
CoV-2 and COVID-19. Cell 2021;184:861–80.
49. Bettini E, Locci M. SARS-CoV-2 mRNA
vaccines: immunological mechanism and
beyond. Vaccines (Basel) 2021;9:147.
50. Hunter DJ, Manson JE, Colditz GA, et al.
Reproducibility of oral contraceptive histories
and validity of hormone composition reported in
a cohort of US women. Contraception 1997;56:
373–8.
51. Troy LM, Hunter DJ,Manson JE, Colditz GA,
Stampfer MJ, Willett WC. The validity of recalled
weight among younger women. Int J Obes Relat
Metab Disord 1995;19:570–2.

Author and article information
From the Department of Nutrition, Harvard T.H. Chan

School of Public Health, Boston, MA (Dr S Wang, Ms

Katuska, Dr Y Wang, and Chavarro); Women’s Hospital,

Zhejiang University School of Medicine, Hangzhou, China

(Dr S Wang); Department of Obstetrics, Gynecology, and

Reproductive Biologym, Michigan State University College

of Human Medicine, Grand Rapids, MI (Ms Mortazavi and

Missmer); Channing Division of Network Medicine,

Department of Medicine, Brigham and Women’s Hospital

and Harvard Medical School, Boston, MA (Dr Hart, Ms

Hankins, and Dr Chavarro); Department of Environmental
MONTH 2022 Ame
Health, Harvard T.H. Chan School of Public Health, Bos-

ton, MA (Dr Hart); Department of Epidemiology and

Biostatistics, Mel and Enid Zuckerman College of Public

Health, The University of Arizona, Tucson, AZ (Dr Farland);

Department of Epidemiology, Rollins School of Public

Health, Emory University, Atlanta, GA (Dr Gaskins); Pop-

ulation Health Sciences, Weill Cornell Medicine, New

York, NY (Dr Tamimi); Department of Obstetrics, Gyne-

cology, and Reproductive Biology, Brigham and Women’s

Hospital and Harvard Medical School, Boston, MA (Dr

Terry); Department of Epidemiology, Harvard T.H. Chan

School of Public Health, Boston, MA (Drs Terry, Rich-

Edwards, Missmer, and Chavarro); and Division of

Women’s Health, Department of Medicine, Brigham and

Women’s Hospital and Harvard Medical School, Boston,

MA (Dr Rich-Edwards).

Received April 4, 2022; revised June 23, 2022;

accepted July 6, 2022.

S.A.M. and J.E.C. contributed equally as senior

authors.

The authors report no conflict of interest.

This study was supported by research grants from the

Eunice Kennedy Shriver National Institute of Child Health

and Human Development (grant numbers HD96033 and

HD96033-03S1), contract from the National Institute for

Occupational Safety and Health (contract number

75D30120P08255), and infrastructure grants from the

National Heart, Lung, and Blood Institute (grant number

U01HL145386) and from the National Institute of Envi-

ronmental Health Sciences (NIEHS; grant number

R24ES028521). S.W. was supported, in part, by the

Zhejiang University Education Foundation Global Part-

nership Fund. J.E.H. was supported by a grant (grant

number P30 ES000002) from the NIEHS.

Further information, including the procedures to

obtain and access data from the Nurses’ Health Study, is

described at https://www.nurseshealthstudy.org/

researchers (contact email: nhsaccess@channing.

harvard.edu).

Corresponding author: Stacey A. Missmer, ScD.

missmers@msu.edu
rican Journal of Obstetrics & Gynecology 1.e11

http://refhub.elsevier.com/S0002-9378(22)00539-7/sref36
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref36
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref36
https://www.gov.uk/government/publications/coronavirus-covid-19-vaccine-adverse-reactions/coronavirus-vaccine-summary-of-yellow-card-reporting#annex-1-vaccine-analysis-print
https://www.gov.uk/government/publications/coronavirus-covid-19-vaccine-adverse-reactions/coronavirus-vaccine-summary-of-yellow-card-reporting#annex-1-vaccine-analysis-print
https://www.gov.uk/government/publications/coronavirus-covid-19-vaccine-adverse-reactions/coronavirus-vaccine-summary-of-yellow-card-reporting#annex-1-vaccine-analysis-print
https://www.gov.uk/government/publications/coronavirus-covid-19-vaccine-adverse-reactions/coronavirus-vaccine-summary-of-yellow-card-reporting#annex-1-vaccine-analysis-print
https://www.gov.uk/government/publications/coronavirus-covid-19-vaccine-adverse-reactions/coronavirus-vaccine-summary-of-yellow-card-reporting#annex-1-vaccine-analysis-print
https://www.medrxiv.org/content/10.1101/2021.10.11.21264863v1
https://www.medrxiv.org/content/10.1101/2021.10.11.21264863v1
https://www.medrxiv.org/content/10.1101/2021.10.11.21264863v1
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref39
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref39
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref39
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref39
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref39
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref40
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref40
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref40
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref40
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref40
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref41
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref41
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref41
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref41
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref42
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref42
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref42
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref43
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref43
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref43
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref43
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref44
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref44
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref44
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref45
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref45
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref45
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref45
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref45
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref45
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref46
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref46
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref46
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref47
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref47
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref47
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref47
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref47
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref48
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref48
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref49
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref49
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref49
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref50
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref50
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref50
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref50
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref50
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref51
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref51
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref51
http://refhub.elsevier.com/S0002-9378(22)00539-7/sref51
https://www.nurseshealthstudy.org/researchers
https://www.nurseshealthstudy.org/researchers
mailto:nhsaccess@channing.harvard.edu
mailto:nhsaccess@channing.harvard.edu
mailto:missmers@msu.edu
http://www.AJOG.org

	A prospective study of the association between SARS-CoV-2 infection and COVID-19 vaccination with changes in usual menstrua ...
	Introduction
	Materials and Methods
	Study design and population
	Menstrual cycle characteristics
	SARS-CoV-2 infection and COVID-19 vaccination status
	Covariates
	Statistical analysis

	Results
	Comment
	Principal findings
	Results in the context of what is known
	Clinical implications
	Strengths and limitations
	Conclusions

	References


