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Timing of Coronavirus Disease 2019
(COVID-19) Vaccination and Effects on
Menstrual Cycle Changes
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Eleonora Benhar, o, Leo Han, MD, Kristen A. Matteson, MD, Agathe van Lamsweerde, Msc,

Jack T. Pearson, pp, and Blair G. Darney, Php

OBJECTIVE: To assess whether menstrual cycle timing
(follicular or luteal phase) of coronavirus disease 2019
(COVID-19) vaccine administration is associated with
cycle length changes.

METHODS: We used prospectively collected (2021-2022)
menstrual cycle tracking data from 19,497 reproductive-
aged users of the application “Natural Cycles.” We iden-
tified whether vaccine was delivered in the follicular or
luteal phase and also included an unvaccinated control
group. Our primary outcome was the adjusted within-
individual change in cycle length (in days) from the aver-
age of the three menstrual cycles before the first vaccina-
tion cycle (individuals in the unvaccinated control group
were assigned a notional vaccine date). We also assessed
cycle length changes in the second vaccination cycle and

whether a clinically significant change in cycle length (8
days or more) occurred in either cycle.

RESULTS: Most individuals were younger than age 35
years (80.1%) and from North America (28.6%), continen-
tal Europe (33.5%), or the United Kingdom (31.7%). In the
vaccinated group, the majority received an mRNA vaccine
(63.8% of the full sample). Individuals vaccinated in the
follicular phase experienced an average 1-day longer
adjusted cycle length with a first or second dose of
COVID-19 vaccine compared with their prevaccination
average (first dose: 1.00 day [98.75% Cl, 0.88-1.13], second
dose: 1.11 days [98.75% Cl, 0.93-1.29]); those vaccinated
in the luteal phase and those in the unvaccinated control
group experienced no change in cycle length (respectively,
first dose: —0.09 days [98.75% Cl, —0.26 to 0.07], second
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dose: 0.06 days [98.75% Cl, —0.16 to 0.29], unvaccinated
notional first dose: 0.08 days [98.75% CI, —0.10 to 0.27],
second dose: 0.17 days [98.75% Cl, —0.04 to 0.38]). Those
vaccinated during the follicular phase were also more
likely to experience a clinically significant change in cycle
length (8 days or more; first dose: 6.8%) than those vacci-
nated in the luteal phase or unvaccinated (3.3% and 5.0%,
respectively; P<001).

CONCLUSION: COVID-19 vaccine-related cycle length
increases are associated with receipt of vaccination in the
first half of the menstrual cycle (follicular phase).
(Obstet Gynecol 2024;143:585-94)

DOI: 10.1097/AOG.0000000000005550

We now have a body of evidence demonstrating
that the coronavirus disease 2019 (COVID-19)
vaccine is associated with temporary menstrual cycle
disturbances at the population level.!~* The underlying
mechanism for a vaccine-related cycle length distur-
bance is still under investigation. The leading hypoth-
esis is that these disturbances are due to the immune
response that vaccines are designed to produce. The
hypothalamic-pituitary-ovarian (HPO) axis is responsi-
ble for the cascade of events that regulates the timing of
the menstrual cycle, and the immune and reproductive
systems interact closely with one another.” The men-
strual cycle is driven by hormonal signaling through
the HPO axis, and a variety of stressors are known to
act on this axis, resulting in increased cycle length,
particularly when the stressor acts in the follicular
phase.®” Systemic immune responses may act as one
such stressor, and it is well-established that cytokines,
produced as an early event in the vaccine response,?Y
can directly affect the HPO axis,!®!! suggesting that
timing of COVID-19 vaccination may be the driver
of the observed changes in cycle length.

A known ovulation date and overall menstrual
cycle length is the most accurate way to calculate the
duration of an individual’s follicular and luteal phase,
but this requires invasive and serial sampling of blood
or urine, sometimes in combination with ultrasound
monitoring of the ovary. However, given the stability
of luteal phase duration, menstrual cycle tracking with
or without basal body temperature documentation is
used extensively as a proxy to divide the menstrual
cycle into the follicular and luteal phases. In this study,
we leveraged prospectively collected menstrual cycle
tracking data from individuals using a digital fertility-
awareness application with a validated algorithm pre-
dicting ovulation date to improve on prior research
that approached this question but had insufficient sam-
ple size to determine whether an effect exists, no con-
trol group, or no validated ovulation date.!?-14
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In this retrospective cohort analysis, we used
menstrual cycle data to determine whether timing of
COVID-19 vaccination (vaccination in the follicular
phase vs the luteal phase) is associated with changes in
menstrual cycle length. We compared three groups:
individuals vaccinated in the follicular phase, individ-
uals vaccinated in the luteal phase, and an unvacci-
nated control group. We also assessed how the
proportion of individuals who experience clinically
significant changes in menstrual cycle length after
vaccination differs based on the menstrual phase of
vaccination receipt.

METHODS

We conducted a retrospective cohort analysis of
menstrual cycle data from the Natural Cycles digital
application. Individuals prospectively track their
menstrual cycles using Natural Cycles to prevent or
plan pregnancy without the use of hormonal contra-
ception methods and may consent to use of their
deidentified data for research purposes or withdraw
consent if requested. This study protocol was
approved by the Oregon Health & Science University
IRB and the Reading Independent Ethics Committee,
United Kingdom. Details of all information tracked
by the application have been described elsewhere.!?
To be eligible for this study, individuals must have
consented to use of their data for research purposes,
recorded at least one complete cycle after October 1,
2020, and provided details about their COVID-19
vaccination status. Additionally, individuals had to
be aged 18-45 years; at least three cycles postpreg-
nancy, post-positive pregnancy test, or post-
hormonal contraception use for the full study period,;
with normal menstrual cycle length (24-38 days, as
defined by the International Federation of Gynecol-
ogy and Obstetrics)!® before vaccination; with known
geographic location; and not menopausal. Individuals
also needed to be vaccinated within the first 38 days of
the menstrual cycle to exclude those already experi-
encing an abnormally long cycle before vaccine
exposure.

Menstrual cycle data ranged from October 1,
2020, to November 7, 2021, and initial COVID-19
vaccines were received between January 2 and
October 31, 2021. Each individual contributed data
from a minimum of four consecutive cycles. For
vaccinated individuals, we included the three prevac-
cination cycles and at least the cycle in which the first
vaccine dose was received. If available, we also
included cycles through the second vaccine dose
cycle. For unvaccinated individuals, we included four
to five consecutive cycles from a similar time period,
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depending on the availability of data from the fifth
cycle. If data were not available for the second vaccine
dose cycle (vaccinated) and fifth consecutive cycle
(unvaccinated), we excluded those individuals from
analyses related to the second dose. The analytical
sample for this study represents a subset of our
previous work,! excluding any individuals who did
not receive their first vaccine dose within the first 38
days of their cycle (n=125).

Our three-category primary exposure was timing
of COVID-19 vaccination, comparing unvaccinated
individuals with those who received the vaccine in the
follicular phase and those who received it in the luteal
phase. Individuals reported their vaccination dates or
confirmed their unvaccinated status using an in-
application message. Natural Cycles uses a proprie-
tary algorithm based on long-standing evidence that
uses daily basal body temperature to identify an
individual’s ovulation date for each cycle and, if
logged, urine LH test results, which we used to deter-
mine the phase in which a vaccine was received: fol-
licular phase (cycle day 1 through ovulation date) and
luteal phase (day immediately after ovulation through
the end of cycle). In cycles in which basal body tem-
perature data were inadequate to determine the ovu-
lation date using the algorithm (approximately 20% of
vaccination cycles), we categorized the luteal phase as
the final 14 days of the cycle and the follicular phase
as preceding that and performed additional sensitivity
analyses (see below).!6

Our primary outcome was the adjusted within-
individual change in cycle length (in days) from the
average of the three prevaccination cycles to the first
vaccination cycle. For the vaccinated cohorts (both
follicular and luteal phase), cycle four was the first
vaccination cycle; the second vaccination cycle
varied depending on whether and when the second
dose was received (cycles 4-13, with cycle five being
most common). For the unvaccinated cohort, we des-
ignated cycles four and five as the notional first and
second vaccination cycles, respectively, and cycles
one through three as the equivalent of the prevacci-
nation cycles. We considered three secondary out-
comes: the adjusted within-individual change in
cycle length from the prevaccination average to the
second vaccination cycle and the proportion of indi-
viduals who experienced a clinically significant change
from their prevaccination average, defined as an increase
or decrease of 8 days or more,!® during the first and
the second vaccination cycles. We were not able to
assess changes from the three cycles immediately
before the second dose to the second vaccination
cycle due to the very small number of individuals
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with three cycles between their first and second dose
(n=121, 0.9% of sample).

We included additional sociodemographic char-
acteristics collected by Natural Cycles. We catego-
rized age into roughly 5-year groups: 18-24, 25-29,
30-34, 35-39, and 40-45 years. Race and ethnicity
were reported as East or Southeast or South or Cen-
tral Asian (combined into a single Asian category due
to sample size), Black or African or African American,
Hispanic or Latina, Middle Eastern or North African,
Native Hawaiian or Pacific Islander, or White. We
included race in the study to describe our sample,
acknowledging that race is not associated with men-
strual health. We categorized body mass index (BMI,
calculated as weight in kilograms divided by height in
meters squared) as underweight (lower than 18.5),
normal weight (18.5-24.9), overweight (25.0-29.9),
and obesity (30.0 or higher). We classified country
of residence into geographic regions: United King-
dom and Channels Islands, continental Europe,
United States and Canada, or all other regions. The
majority of individuals in the continental Europe cat-
egory lived in Sweden (55.7%), and the majority in the
other regions category lived in Brazil (62.0%). We also
included parity (nulliparous vs parous), education (at
least a college degree vs less education), and relation-
ship status (in a relationship vs not). Finally, we
included the vaccine mechanism of action and brand
for those in the vaccinated groups: mRNA (Moderna,
Pfizer), adenovirus vector (Astrazeneca, Covishield,
Johnson & Johnson, Sputnik), inactivated virus (Co-
vaxin, Sinopharm, Sinovac), and unspecified. Due to
differences in data collected over time and country-
specific regulations on data collection, most variables
had a large degree of missing data.

We compared sociodemographic characteristics of
the sample by vaccination timing groups: follicular
phase, luteal phase, and unvaccinated. To calculate the
adjusted differences in cycle length, we first used
multiple imputation by chained equations with 50
imputed data sets due to the large amount of missing
sociodemographic characteristics. We then used the
imputed data sets to create linear regression models for
both the first and second vaccination cycles. For each
model, the dependent variable was the change in cycle
length, the primary independent variable was the
vaccination timing group, and models were adjusted
for age, race and ethnicity, parity, BMI, education,
relationship status, and geographic region. We then
calculated the adjusted change in cycle length for each
group predicted by the model and created scatter plots
of these estimates. We did not include vaccine type in
the adjusted models due to the small sample sizes of
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several types, the lack of variability within the unvac-
cinated group, and the fact that none of our previous
work has identified differences by vaccine type or
mechanism of action.!=

We also assessed crude changes in cycle length,
which were similar to the adjusted changes reported
here (see Appendix 1, available online at http://links.
Iww.com/AOG/D603), and created overlaid histo-
grams of the unadjusted changes for the follicular
and luteal vaccination groups to compare overall dis-
tributions. We performed pairwise comparisons of the
proportion of individuals who experienced a clinically
significant change in each of the groups (follicular
phase, luteal phase, and unvaccinated) for both the
first and second vaccination cycles and compared all
sociodemographic characteristics by experience of a
clinically significant change in cycle length, regardless
of vaccination timing or status, to determine whether
any factors increased the risk of menstrual
disturbances.

All statistical tests were two-sided. We used a
Bonferroni-adjusted significance level of 0.0125 for all
analyses to accommodate the multiple statistical tests
performed for our four outcomes and incorporated an
additional Bonferroni adjustment for the three pair-
wise comparisons of clinically significant changes. All
regression estimates are accompanied by 98.75% Cls,
and x? P-values have been multiplied by 12 so that the
reported values are significant at the 0.05 level. All
analyses were conducted in Stata 17.0.

We conducted several sensitivity analyses to
determine the robustness of our results. First, we
excluded individuals without a known ovulation date
using the Natural Cycles algorithm (first dose,
n=3,683; second dose, n=2,155). Second, we
excluded individuals with any prevaccination cycles
outside the 24- to 38-day range (first dose, n=2,951;
second dose, n=2,082). Third, we excluded individ-
uals with any prevaccination cycles identified as
anovulatory by the Natural Cycles algorithm (first
dose, n=874; second dose, n=607 second dose.
Fourth, we excluded individuals with a prevaccination
follicular phase length outside the 8- to 21-day range
(first dose, n=4,822; second dose, n=3,443). Fifth, we
excluded individuals who recorded a diagnosis of
polycystic ovarian syndrome or who had a prevacci-
nation average cycle length of 36-38 days (first dose,
n=919; second dose, n=661). Sixth, we excluded
individuals who had recorded any emergency contra-
ception use during the vaccination cycle or any prior
cycle (first dose, n=508; second dose, n=481).
Finally, we divided both the follicular and luteal
phases into early and late subphases of equal length
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(ie, in the first or second half of the individual’s follic-
ular or luteal phase) and compared cycle length
changes based on vaccination timing for these five
groups: early follicular, late follicular, early luteal, late
luteal, and unvaccinated.

RESULTS

Of 41,504 eligible individuals using the Natural
Cycles application, 19,497 met the inclusion criteria
(Fig. 1). The final sample included 9,279 individuals
who received their first vaccine dose in the follicular
phase, 5,532 who received their first dose in the luteal
phase, and 4,686 individuals who were unvaccinated
(Table 1). The majority of individuals received an
mRNA vaccine (63.8%), were younger than age 35
years (80.1%), and were from the United States or
Canada (28.6%), continental Europe (33.5%) or the
United Kingdom (31.7%). Characteristics of vacci-
nated individuals did not differ by timing of vaccina-
tion. However, unvaccinated individuals were more
likely to be younger than age 25 years (19.4% vs
approximately 10% for both vaccinated groups), have
less than a college degree (25.9% vs approximately
15%), and be from the United States or Canada
(42.7% vs approximately 24%).

Individuals who were vaccinated in the follicular
phase had a 1.00-day change (increase) in cycle length
(98.75% CI, 0.88-1.13) from the three prevaccination
cycle average to the first vaccination cycle (Table 2;
Fig. 2A), after adjusting for age group, BMI category,
race and ethnicity, parity, education, relationship sta-
tus, and geographic region after multiple imputation
of missing data. No changes in cycle length occurred
for individuals vaccinated in the luteal phase (—0.09-
day change, 98.75% CI, —0.26 to 0.07) or for unvac-
cinated individuals (0.08-day change, 98.75% CI,
—0.10 to 0.27).

Results were similar among individuals who
received a second vaccine dose (Table 2; Fig. 2B). Indi-
viduals vaccinated in the follicular phase experienced an
adjusted increase of 1.11 days (98.75% CI, 0.93-1.29) in
their second vaccination cycle, whereas those vaccinated
in the luteal phase and the unvaccinated experienced no
change in cycle length (luteal phase: 0.06-day change
[98.75% CI, —0.16 to 0.29]; unvaccinated: 0.17-day
change [98.75% CI, —0.04 to 0.38]). Unadjusted results
for both the first and second vaccination dose were also
similar (Appendix 1, http://links.lww.com/AOG/
D603); the distribution for individuals vaccinated in
the follicular phase was more right-skewed, with longer
tails than for those vaccinated in the luteal phase for
both doses (Appendix 2, available online at http://
links.lww.com/AOG/D603).

OBSTETRICS & GYNECOLOGY
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Eligible

Identification
(n=41,504)
Not included (n=22,007)
Insufficient number of cycles: 14,742
Nonconsecutive cycles: 2,532
Average prevaccination cycle length <24
or >38 days: 1,861
Inclusion > Menopausal: 22
Less than 3 cycles postpregnancy: 497
Less than 3 cycles posthormonal
contraception: 2,225
Missing country: 1
Outside of age range: 2
Vaccinated >38 days into cycle: 125
v
Included in dataset
(n=19,497)
h 4 ~ h 4
COVID-19 vaccination COVID-19 vaccination Reported unvaccinated for
. during follicular phase during luteal phase COVID-19
Analysis 1% dose (n=9,279) 1% dose (n=5,532) 1t dose (n=4,686)
2" dose (n=5,794) 2" dose (n=3,725) 2" dose (n=4,423)

Fig. 1. STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) flow diagram. Sample sizes for first
and second dose refer to the number of included individuals with cycle data from each dose of the initial coronavirus
disease 2019 (COVID-19) dosing regimen. Unvaccinated individuals were assigned a notional vaccination date.

Edelman. Menstrual Phase Timing of COVID-19 Vaccine. Obstet Gynecol 2024.

For both the first and second vaccination doses, the
percentage of individuals who experienced a clinically
significant change in cycle length (8 days or more) was
higher for individuals who were vaccinated in the
follicular phase than for those who were vaccinated in
the luteal phase or were unvaccinated (Table 3). In the
first vaccination cycle, 6.8% of people vaccinated in the
follicular phase had a clinically significant change (8
days or more), compared with 3.3% of those vaccinated
in the luteal phase and 5.0% of the unvaccinated cohort
(P<.001 for each pairwise comparison). In the second
vaccination cycle, again 6.8% of those vaccinated in
follicular phase had a clinically significant change in
cycle length (8 days or more), compared with 4.7% of
those vaccinated in luteal phase and 5.0% of the unvac-
cinated group. The percentage who experienced a clin-
ically significant change in cycle length in the follicular
group was significantly higher than both the luteal and
unvaccinated groups (P<.001 and .001, respectively),
but the luteal and unvaccinated groups were not statis-
tically different from each other (P=1.000). Younger
individuals (ages 18-29) were more likely to experi-
ence a clinically significant change in cycle length for
both doses (P<.001 both doses).

Trends remained consistent across all of our
sensitivity analyses: individuals vaccinated in the follic-
ular phase experienced significant increases in cycle
length compared with those vaccinated in the luteal
phase and the unvaccinated, who were not statistically

VOL. 143, NO. 4, APRIL 2024
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different from each other. See supplemental appendices
(available online at http://links.lww.com/AOG/D603)
for results excluding individuals without a known ovu-
lation date (Appendix 3), with prevaccination cycles out-
side the normal 24- to 38-day range (Appendix 4), with
an anovulatory prevaccination cycle (Appendix 5), with
a prevaccination follicular phase length outside the 8- to
21-day range (Appendix 6), with polycystic ovarian syn-
drome or with prevaccination cycle length longer than
35 days (Appendix 7), with reported emergency contra-
ception use in the vaccination cycles or any prior cycles
(Appendix 8), and comparing results for early- and late-
follicular and luteal phases (Appendix 9). Full modeling
results can be found in Appendix 10. See Appendices 11
and 12 for collated results of Appendices 1-9, all avail-
able online at http://links.lww.com/AOG/D603.

DISCUSSION

Our initial studies were able to establish the first
association between COVID-19 vaccination and men-
strual cycle length changes.!? Here, we build on those
findings to further refine our understanding of how
timing of COVID-19 vaccination is associated with this
change. These results provide clear evidence that
population-level cycle length changes are associated
with receipt of the COVID-19 vaccine, specifically dur-
ing the follicular phase of the menstrual cycle.
Menstrual cycle timing variability results from a
cascade of events involved in recruitment of a
dominant follicle during the follicular phase, which

Menstrual Phase Timing of COVID-19 Vaccine 589
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Table 1. Characteristics of Study Participants, Overall and by Timing of Coronavirus Disease 2019 (COVID-

19) Vaccination (N=19,497)*

Vaccination Timing

Characteristic Follicular Phase Luteal Phase Unvaccinated Overall
n 9,279 5,532 4,686 19,497
Age (y)
18-24 943 (10.2) 499 (9.0) 907 (19.4) 2,349 (12.1)
25-29 3,226 (34.8) 1,908 (34.5) 1,624 (34.7) 6,758 (34.7)
30-34 3,258 (35.1) 1,932 (34.9) 1,311 (28.0) 6,501 (33.3)
35-39 1,379 (14.9) 855 (15.5) 615 (13.1) 2,849 (14.6)
40-45 473 (5.1) 338 (6.1) 229 (4.9) 1,040 (5.3)
Race and ethnicity
Asian 76 (0.8) 54 (1.0) 20 (0.4) 150 (0.8)
Black, African, African American 224 (2.4) 120 (2.2) 170 (3.6) 514 (2.6)
Hispanic, Latina 151 (1.6) 82 (1.5) 76 (1.6) 309 (1.6)
Middle-Eastern, North African 29 (0.3) 11 (0.2) 15 (0.3) 55 (0.3)
Native Hawaiian, Pacific Islander 12 (0.1) 7 (0.1) 4 (0.1) 23 (0.1)
White 3,336 (36.0) 1,926 (34.8) 1,513 (32.3) 6,775 (34.8)
No data 5,451 (58.7) 3,332 (60.2) 2,888 (61.6) 11,671 (59.9)
Parity
Nulliparous 7,171 (77.3) 4,244 (76.7) 3,192 (68.1) 14,607 (74.9)
Parous 1,137 (12.3) 728 (13.2) 757 (16.2) 2,622 (13.5)
No data 971 (10.5) 560 (10.1) 737 (15.7) 2,268 (11.6)
BMI category (kg/m?)
Underweight (lower than 18.5) 262 (2.8) 163 (3.0) 144 (3.1) 569 (2.9)
Normal weight (18.5-24.9) 4,467 (48.1) 2,749 (49.7) 2,057 (43.9) 9,273 (47.6)
Overweight (25.0-29.9) 1,209 (13.0) 698 (12.6) 564 (12.0) 2,471 (12.7)
Obesity (30.0 or higher) 544 (5.9) 293 (5.3) 233 (5.0) 1,070 (5.5)
No data 2,797 (30.1) 1,629 (29.5) 1,688 (36.0) 6,114 (31.4)
Education level
Less than 4-y college 1,318 (14.2) 867 (15.7) 1,215 (25.9) 3,400 (17.4)
College degree or more 6,604 (71.2) 3,848 (69.6) 2,496 (53.3) 12,948 (66.4)
No data 1,357 (14.6) 817 (14.8) 975 (20.8) 3,149 (16.2)
Relationship status
Not in relationship 1,182 (12.7) 725 (13.1) 631 (13.5) 2,538 (13.0)
In relationship 6,549 (70.6) 3,920 (70.9) 3,002 (64.1) 13,471 (69.1)
No data 1,548 (16.7) 887 (16.0) 1,053 (22.5) 3,488 (17.9)
Geographic region
United Kingdom, Channel Islands 3,200 (34.5) 1,881 (34.0) 1,098 (23.4) 6,179 (31.7)
EuropeJr 3,328 (35.9) 2,059 (37.2) 1,151 (24.6) 6,538 (33.5)
United States, Canada 2,290 (24.7) 1,292 (23.4) 2,002 (42.7) 5,584 (28.6)
Australia, New Zealand 230 (2.5) 157 (2.8) 377 (8.1) 764 (3.9)
Other* 231 (2.5) 143 (2.6) 58 (1.2) 432 (2.2)
Vaccine type
Unvaccinated 0 (0.0) 0 (0.0) 4,686 (100) 4,686 (24.0)
mRNA 7,758 (83.6) 4,683 (84.7) 0 (0.0) 12,441 (63.8)
Moderna 1,640 (17.7) 953 (17.2) 0 (0.0) 2,593 (13.3)
Pfizer 6,118 (65.9) 3,730 (67.4) 0 (0.0) 9,848 (50.5)
Adenovirus vector 1,042 (11.2) 585 (10.6) 0 (0.0) 1,627 (8.3)
Astrazeneca 871 (9.4) 467 (8.4) 0 (0.0) 1,338 (6.9)
Covishield 1 (<0.1) 1 (<0.1) 0 (0.0) 2 (<0.1)
Johnson & Johnson 167 (1.8) 115 (2.1) 0 (0.0) 282 (1.5)
Sputnik 3 (<0.1) 2 (<0.1) 0 (0.0) 5 (<0.1)
Inactivated virus 48 (0.5) 25 (0.5) 0 (0.0) 73 (0.4)
Covaxin 2 (<0.1) 1 (<0.1) 0 (0.0) 3 (<0.1)
(continued)

590 Edelman et al

Menstrual Phase Timing of COVID-19 Vaccine

OBSTETRICS & GYNECOLOGY



8L+AWAOANDMNBEAAAVYO/FIAEIDYIASALLIAIPOOAEIEAHION/ADAUMYTXOMAD

YOIAXYOHISABZIUTC+eyNIOITWNOTZTARYHJBSHAAUG Aq [euinolusalf/woo mm) sfeulnoly/:dny wouy papeojumod

¥202/22Z/S0 uo

Table 1. Characteristics of Study Participants, Overall and by Timing of Coronavirus Disease 2019 (COVID-

19) Vaccination (N=19,497)" (continued)

Vaccination Timing

Characteristic Follicular Phase Luteal Phase Unvaccinated Overall
Sinopharm 7 (0.1) 4 (0.1) 0 (0.0) 11 (0.1)
Sinovac 39 (0.4) 20 (0.4) 0 (0.0) 59 (0.3)

Unspecified 431 (4.6) 239 (4.3) 0 (0.0) 670 (3.4)

BMI, body mass index.

Data are n (%).

* Percentages have been rounded and may not sum to 100%.
" Based in Sweden: 56%.

* Based in Brazil: 62%.

is regulated by the HPO axis. The HPO axis is
sensitive to a variety of “stressors”; if a stressor occurs
in the follicular phase, cycle timing can be affected
temporarily.%” The follicular phase is inherently more
variable in duration between and within individuals
than the luteal phase; thus, variability in menstrual
cycle length is derived primarily from the follicular
phase.!” Vaccines are designed to elicit an immune
response. As such, the leading hypothesis for how
the COVID-19 vaccine caused temporary cycle
length changes was an interaction between the
immune and reproductive systems in the follicular
phase.’® A vaccine given during the follicular phase
could extend the cycle by disrupting timing of the
luteinizing hormone surge. Luteal phase length is
not HPO-dependent; therefore, vaccinations during
this phase would not alter when menstruation occurs.
Our results are consistent with this mechanistic
hypothesis, clearly showing that overall cycle length
changes are driven by vaccination in the follicular
phase compared with vaccination in the luteal phase
or an unvaccinated control group.

Menstrual cycles are inherently variable, and
there is the potential for bias in our results if
individuals experience a longer menstrual cycle phase
in the vaccination cycle for reasons unrelated to the

vaccine. We have attempted to mitigate this potential
for bias by excluding individuals with evidence of
irregular cycling before vaccination and those who
already were experiencing a cycle outside the normal
range before they received their vaccine. Although it
may not be possible to completely eliminate all
length-time bias given the innate variability of men-
strual cycles, we believe that our findings reflect a true
association between timing of vaccination and small
increases in cycle length for several reasons.

First, our results remain consistent across a range
of sensitivity analyses aimed at eliminating underlying
cycle length variability. Second, although the length of
the follicular phase is inherently more variable than
that of the luteal phase, the luteal phase is also variable
and subject to the same issues of bias. If our results
were solely driven by length bias, we would expect to
see similar, albeit likely smaller, effects in the luteal
phase. Instead, we consistently observe no change in
cycle length for individuals vaccinated in the luteal
phase, even after excluding individuals with unknown
ovulation dates, whose luteal phase lengths were
imputed as the last 14 days of the cycle (Appendix 3,
http://links.lww.com/AOG/D603). Indeed, the point
estimates for individuals vaccinated in the luteal phase
are consistently lower than for the unvaccinated cohort,

Table 2. Adjusted Within-Individual Change in Menstrual Cycle Length From the Three Prevaccination
Cycle Average to Vaccination Cycle, by Timing of Vaccination, for First and Second Coronavirus

Disease 2019 (COVID-19) Vaccine Doses

1t Dose 2nd Dose
Vaccination Timing n Adjusted Change (98.75% CI) (d)* n Adjusted Change (98.75% CI) (d)*
Follicular phase 9,279 1.00 (0.88, 1.13) 5,794 1.11 (0.93, 1.29)
Luteal phase 5,532 —0.09 (—-0.26, 0.07) 3,725 0.06 (—0.16, 0.29)
Unvaccinated 4,686 0.08 (—0.10, 0.27) 4,423 0.17 (—0.04, 0.38)

* Estimates are adjusted for age group, body mass index category, race and ethnicity, parity, education, relationship status, and geographic

region, after multiple imputation of missing data.
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although not statistically different. Third, biased results
would predict longer changes in cycle length for indi-
viduals vaccinated later in their follicular phase. How-
ever, we see no significant differences between
individuals vaccinated in the first half of their follicular
phase and those vaccinated in the second half (Appen-
dix 9, http://linksIlww.com/AOG/D603). Fourth, in
other work focused on menstrual bleeding, we identi-
fied an increase in overall bleeding quantity among
vaccinated individuals compared with those who were
unvaccinated, with no accompanying change in menses
length, a finding that is not subject to the same bias
issues.® Finally, global reports of menstrual distur-
bances after COVID-19 vaccination are numerous.!8-
20'We hope that this study validates those reports using
rigorous methodology while reassuring the public that

Second dose

Fig. 2. Adjusted within-individual
change in menstrual cycle length (in
days) from the three-prevaccination
cycle average to vaccination cycle, by
timing of vaccination, for first (A) and
second (B) coronavirus disease 2019
(COVID-19) vaccine doses. Estimates
are adjusted for age group, body mass
index category, race and ethnicity,
parity, education, relationship status,
and geographic region after multiple
imputation of missing data. Error bars
represent 98.75% Cls.

Edelman. Menstrual Phase Timing of COV-
ID-19 Vaccine. Obstet Gynecol 2024.

Luteal Unvaccinated
phase

the observed population-level changes are small and
not clinically significant for most people.

Strengths of our study include a large global
sample, prospectively collected menstrual cycle data,
integration of a validated algorithm to identify follic-
ular and luteal phases and date of ovulation, and
inclusion of an unvaccinated control group. Our
findings are consistent with earlier reports in the
literature.!3-14

Our study also has limitations. First, our findings
may not be generalizable to a global population.
Natural Cycles users are not using hormonal contra-
ception by design and are more likely to be White,
college educated, to live in North America or Europe,
and to have lower BMIs than global distributions.!?
Although geographic location, race and ethnicity, and

Table 3. Proportion of Individuals Who Experienced a Clinically Significant Change in Cycle Length (8 Days
or More) From the Three Prevaccination Cycle Average to the Cycles Associated With the First and
Second Coronavirus Disease 2019 (COVID-19) Vaccine Doses, by Timing of Vaccination

Vaccination Timing

Follicular Phase Luteal Phase

1% dose 9,279 5,532
630 (6.8) 180 (3.3)

2nd dose 5,794 3,725
395 (6.8) 176 (4.7)

Unvaccinated Comparison p*

4,686

236 (5.0) Follicular vs unvaccinated <.001
Luteal vs unvaccinated <.001
Follicular vs luteal <.001

4,423

222 (5.0) Follicular vs unvaccinated .001
Luteal vs unvaccinated 1.000
follicular vs luteal <.001

Data are n or n (%) unless otherwise specified.

* P-values are adjusted for multiple comparisons and considered significant at .05.
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education are not factors that influence menstrual
cycle regulation, an individual’s weight and BMI can
affect menstrual cyclicity.%!® Our cohort, no matter
their BMI, were eligible only if they demonstrated
regular cyclicity, and our results are adjusted for
BMI category after multiple imputation for missing
values. Hormonal contraception inherently controls
the regulatory processes involved in menstrual cyclic-
ity, but, again, we included only individuals with
proven cyclicity to determine an effect of the
exposure.

Second, we do not have data on severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection, which also produces inflammatory
responses and likely also disrupts menstrual
cycles.?!-2* However, our data set was from earlier
in the pandemic, when infection rates were lower,
and our unvaccinated control group, who would be
more likely to experience infection, demonstrated no
changes in cycle length. Finally, our data are not able
to tell us whether the magnitude of immune response
or certain aspects of an individual’s immune response
(innate vs adaptive) are more likely to result in a cycle
length disturbance or whether the experience of a
cycle length change is indicative of an improved
immune response.

Although the population-level effect of the
COVID-19 vaccine on cycle length is small, we
would offer that the significance of our studies is not
the magnitude of change. Many individuals in our
sample, particularly those who were vaccinated in the
follicular phase, experienced postvaccination changes
in cycle length that did not rise to the level of clinical
significance but might still cause concern because they
were unexpected. No matter the magnitude of change,
any unanticipated change in a routine bodily function
linked to fertility after a new medical intervention
could fuel vaccine hesitancy, leading to long-lasting
effects, and it is important to determine why this
change is occurring.?>2% For example, in Japan, the
lack of human papillomavirus vaccine uptake due to
vaccine hesitancy is estimated to result in approxi-
mately 10,000 preventable deaths from cervical can-
cer over the next 50 years.?’

Additional work is also needed to establish
whether observed differences vary in key subpopu-
lations, because our data set is focused on data from
individuals with regular menstrual cycles prevacci-
nation, and whether any other aspects of the men-
strual cycle are affected (eg, menstrual-related
symptoms, menstrual flow). Nonetheless, our find-
ings are reassuring in their consistency with long-
standing evidence that an acute biological stressor
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occurring in the follicular phase can temporarily
change cyclicity.
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