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A B S T R A C T   

Background: In initial COVID-19 clinical trials, menstrual health was not formally monitored, yet anecdotal re-
ports of menstruation changes surfaced on social media. This study aims to assess the association between 
COVID-19 vaccines and menstruation using Clue, a period-tracking application. 
Study design: A survey assessing demographics, menstrual health, stress levels, and COVID-19 vaccination was 
sent to Clue users between 12/7/2021 and 2/9/2022. Inclusion criteria were (1) 18 years or older (2) currently 
menstruating (3) not pregnant or breastfeeding since 1/2020. Menstrual data was collected for each participant. 
Users with cycle lengths more than 90 days were excluded. Cycle lengths were calculated for the 6-month 
average pre-vaccination (PRIOR), the cycle during which vaccination was administered (DURING), the cycle 
following DURING (AFTER1), and the cycle following AFTER1 (AFTER2). For periods, individuals were stratified 
based on whether vaccination was received during their menstrual period (DURING). Period lengths were 
additionally calculated for the 6-month average pre-vaccination (PRIOR), the first period following vaccination 
(AFTER1), and the period following AFTER1 (AFTER2). For unvaccinated participants, an index date (4/1/2022) 
was used to similarly designate menstrual cycles and periods. For each participant, cycle length changes for 
DURING, AFTER1, and AFTER2 compared to PRIOR were determined. Student’s t-test compared the mean of 
these changes between vaccinated and unvaccinated groups. 
Results: Of 7,559 participants, 6,897 (91 %) were vaccinated. Compared to PRIOR, individuals vaccinated during 
their menstrual period demonstrated a statistically significant increase in the DURING period length, but not 
AFTER1 (p = 0.463) and AFTER2 (p = 0.692). No statistically significant changes were observed in period 
lengths of those vaccinated in between periods or in cycle lengths overall. 
Conclusion: A small but statistically significant change in period length was observed only in individuals vacci-
nated for COVID-19 during their menstrual period. Providers can better counsel menstruating individuals to 
reduce vaccine misinformation.   

Introduction 

The large roll-out of the COVID-19 vaccines was accompanied by 
anecdotal evidence of unexpected menstrual irregularities following 

vaccination. Menstruating individuals on social media platforms re-
ported changes in their menstrual cycle with most reporting heavier 
and/or longer cycles [1,2]. Unfortunately, the initial clinical trials for 
the Pfizer, Moderna, Johnson and Johnson, and Oxford-AstraZeneca 
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vaccines did not evaluate menstrual health [3–6]. To date, the U.S. 
Vaccine Adverse Event Reporting System (VAERS), a national early 
warning system to detect possible safety problems in U.S. licensed 
vaccines, has recorded only a small number of menstrual-related adverse 
events among more than 100 million individuals who menstruate and 
have been vaccinated [7]. The reported events include irregular menses, 
menstrual disorder, and delayed menstruation. 

Regular menstruation is considered an indicator of whole-body 
health, and subtle changes in health can lead to noticeable fluctua-
tions in the regular cycle. There is limited data on the effect of vaccines 
on menstrual health. The earliest study was in 1913, and Typhoid vac-
cine was found to be associated with menstrual cycle irregularities in a 
cohort of nurses [8]. A more recent large data study on HPV vaccine 
post-vaccination symptoms found a statistically increased age-adjusted 
odds of hospital visits for abnormal amount of menstrual bleeding and 
irregular menstruation [9]. In recent years since COVID-19 vaccination 
release to the public, there has been a tremendous effort to investigate 
the association between vaccination and menstrual cycle length, yet the 
conclusions have been varied in proportions of individuals experiencing 
changes to menstruation [10–12]. Some studies have used period- 
tracking applications to prospectively collect menstrual cycle data and 
survey users on COVID-19 vaccination status. Edelman et al evaluated 
whether COVID-19 vaccination is associated with menstrual cycle dis-
turbances in the USA using the digital fertility-awareness application 
“Natural Cycles” and found that the users experienced small variations 
in cycle length [13]. Those who were vaccinated had a statistically 
significant difference in cycle length, but the change was less than 1 day, 
which is not considered clinically significant [13]. Studies using other 
mobile applications, including the Apple Research App and Clue, have 
also observed minor changes to menstrual cycle length among users in 
the US [14–16]. In this study, we aimed to contribute to the growing 
literature on this topic, by analyzing changes in menstrual period length 
in addition to menstrual cycle length and investigating whether any 
observed changes post-vaccination are persistent. This study analyzed 
prospectively collected data from users in the USA, Canada, Australia, 
and the United Kingdom using a period tracking application, Clue, to 
assess the effect of the four COVID-19 vaccines on the menstrual cycle 
length and period length as reported by app users. 

Material and methods 

Study population 

We conducted a retrospective cohort study with de-identified self- 
tracked data collected prospectively through Clue by BioWink, one of 
the most popular period-tracking applications used worldwide. Johns 
Hopkins Institutional Review Board approved the protocol. Users of this 
application voluntarily track their menstrual cycles and consent to the 
use of their de-identified data for research when they create their Clue 
account. Clue data has been previously validated [17–20]. To collect 
information on the English-speaking users’ vaccination status, Clue 
users were asked at random through an in-app pop-up message if they 
are interested in participating in the study. Users in the United States, 
Canada, United Kingdom, and Australia who agreed to participate 
received a survey between December 7, 2021 and February 9, 2022. 
Completing the survey was voluntary. Each Clue user is assigned a “Clue 
ID” when they create their account for the first time. These IDs were 
used to link their uploaded menstrual period data to their survey an-
swers. The process of collecting the survey data was entirely performed 
by the Clue App team, who securely transmitted the collected data to the 
research team for analysis. 

Menstrual and other data 

The survey collected users’ Clue ID, demographics (i.e. age, race), 
menstrual health, COVID-19 infection, Perceived Stress Scale scores, and 

COVID-19 vaccination (type and timing). The survey did not contain any 
identifying information (i.e. date of birth, name). To complete the sur-
vey, users were 18 years or older, had menstrual periods, and had not 
been pregnant or breastfeeding since January 2020. 

Per the Clue App, cycles start on the first day of a period and end on 
the day before the following period. Certain types of bleeding are not 
identified as a period by the application such as “spotting” and bleeding 
starting earlier than day 10 of the cycle. Cycle data provided by Clue 
ranged from January 2019 to January 2022. 

We categorized the participants’ age groups (age at the start of the 
first cycle included in the study) as 18–24, 25–29, 30–34, 35–39, or 
above 40 years old. Race was reported as Asian, Black, White or Other 
(Middle Eastern or North African, Native Hawaiian or Pacific Islander, 
Gypsy, First Nations, Aboriginal, and those who preferred not to report). 
Ethnicity was reported as Hispanic or Non-Hispanic. Body mass index 
(BMI) was calculated as weight in kilograms divided by height in meters 
squared and categorized as underweight or normal weight, overweight, 
or obese. 

To evaluate stress among participants, we included in the survey the 
“Perceived Stress Scale” which is a validated psychological tool to assess 
perceived stress [21]. This tool contains 10 items which participants 
score from 0 to 4 for frequency. The questions ask about feelings and 
thoughts of individuals for the past month in order to measure indi-
vidual stress levels. Scores from 0 to 13 are low stress, 14–26 are mod-
erate stress, and 27–40 are high stress [21]. 

Inclusion and exclusion criteria 

As performed in previous studies using period-tracking applications 
for menstrual cycle data [22], we excluded users who had cycle lengths 
longer than 90-day cycles as this can result from users forgetting to log in 
their periods, which can lead to a falsely long cycle. We included those 
who were vaccinated with Pfizer-BioNTech, Moderna, Johnson & 
Johnson, and Oxford/AstraZeneca. We excluded those who did not 
remember the vaccine type and those who were vaccinated with Sino-
pharm due to their low number in the cohort (N = 2). We also excluded 
vaccinated users who did not have any reported cycles before and/or 
after their vaccination. Since we are comparing vaccinated to unvacci-
nated individuals, we only included unvaccinated individuals who re-
ported cycles around the same time when most of the vaccinated users 
received their vaccine (Index vaccination date of April 1st, 2021), and 
we compared their cycles before April 1, 2021, to the cycles after this 
date. We excluded unvaccinated users if their menstrual cycles did not 
overlap with this index date. We excluded those who responded “Yes” to 
using a form of contraception, as hormonal contraceptives may affect 
cycle and period length. Fig. 1 summarizes the flowchart of the study 
population. 

Timepoint definitions 

Fig. 2 represents the time points defined for analysis based on in-
dividuals’ menstrual cycles, menstrual periods, and vaccination/index 
vaccination date. For the unvaccinated individuals, the index vaccina-
tion date was treated as if it was the date the vaccine was administered. 
For each individual in the cohort, the pre-vaccination cycle and period 
length baseline were determined using the 6-month average of men-
strual cycle and period lengths prior to vaccination (PRIOR). 

For analysis of changes to menstrual cycle length, as shown in Fig. 2, 
the DURING menstrual cycle was defined as the cycle during which the 
first dose of the vaccine was administered. AFTER1 is the first cycle 
following the DURING cycle, and AFTER2 is the cycle following 
AFTER1. 

For analysis of changes to menstrual period length, individuals were 
separated based on whether vaccination was received during their 
menstrual period. As such, the DURING period is defined as the period 
during which the first dose of the vaccine was administered. For 
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individuals who were vaccinated in between periods, there is no DUR-
ING period. For all individuals in the vaccinated cohort, AFTER1 is the 
period that starts after the first dose of the vaccine was administered, 
and AFTER2 is the period that follows the AFTER1 period. 

Statistical analysis 

Our primary outcome was changes in cycle length before and after 
the administration of the vaccination first dose. Secondary outcome was 

changes in period length. First, we checked data for missing variables 
and grouped individuals based on vaccination status as “vaccinated” or 
“unvaccinated”. Then, we performed descriptive analysis of age, race, 
country, education, BMI, method of contraception, stress level, tobacco 
use, and the vaccine type (only for those with vaccine). We used a Chi- 
Squared test for comparing vaccinated and unvaccinated individuals by 
age, BMI, education, and birth control method, and a Fisher’s exact test 
to compare vaccinated and unvaccinated groups by race and country, 
due to small subgroup size. Student’s t-test was used to compare results 

Fig. 1. Flowchart of study population.  

Fig. 2. Study timeline based on vaccine timepoint. 2A. “Prior” refers to the 6 month average of menstrual cycles before the vaccine administration. “During” refers to 
cycle during which fall in the time window during which the vaccine was received. “After1” in the figure refer to the first cycle following vaccination. “After2” refers 
to the second cycle following vaccination. 2B. Time points for individuals whose vaccination or index vaccination occurred during recorded menstrual periods. 
“Prior” refers to the 6 month average of periods before the vaccine administration. “During” refers to period during which fall in the time window during which the 
vaccine was received. “After1” in the figure refer to the first period following vaccination. “After2” refers to the second period following vaccination. 2C Time points 
for individuals whose vaccination or index vaccination occurred in between recorded menstrual periods. “Prior” refers to the 6 month average of periods before the 
vaccine administration. “After1” in the figure refer to the first period following vaccination. “After2” refers to the second period following vaccination. 
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from the Perceived Stress Scale between vaccinated and unvaccinated 
individuals. 

For each individual in the vaccinated group, post-vaccination 
changes in cycle and period length were calculated at three timepoints 
(DURING, AFTER1, AFTER2) compared to pre-vaccination baseline 
(PRIOR). The DURING period was only calculated for individuals who 
were vaccinated during menstrual period. In the unvaccinated group, 
similar calculations were performed based on an index date of April 1, 
2021, an arbitrary date selected around when COVID-19 vaccines 
became available to the public. The mean of these post-vaccination 
changes was subsequently calculated for the vaccinated and unvacci-
nated groups. For each timepoint after vaccination (DURING, AFTER1, 
AFTER2), Student’s t-test was used to compare changes in cycle and 
period length between the vaccinated and unvaccinated groups. To 
analyze changes in menstrual period length of individuals before and 
after vaccination, vaccinated individuals were divided into two sub-
groups: those vaccinated during their period, and those vaccinated in 
between their periods. Similarly, as the control group, unvaccinated 
individuals were stratified as: individuals with the index vaccination 
date occuring during their recorded periods and individuals with the 
index vaccination date occuring in between their recorded periods. 
Statistical analysis was completed using software R 4.2.2. 

Results 

50,659 users completed the survey through the in-app pop up mes-
sage. As individuals completed surveys, their survey data was linked 
through their Clue IDs to their cycle data logged in Clue. Uploaded cycle 
data was retrieved by the Clue application team. The Clue team expe-
rienced a technical issue, in which the tool that collected survey data 
stopped collecting the Clue IDs of users to link their cycle data. Due to 
this technical issue, survey and cycle data was only collected for users in 
the timeframe outside of this error occurrence. Clue IDs could only be 
linked to 13,871 users’ survey data, limiting our analysis to 13,871 

users. Of these participants, 3,472 participants were excluded due to 
cycle lengths greater than 90 days (as previously mentioned, out of 
caution due to the possibility of users forgetting to log bleeding into the 
App which can lead to falsely long cycles). This left 9,526 (91.6 %) who 
were vaccinated and 873 who were unvaccinated. Of the vaccinated 
individuals, 2,629 were excluded due to a variety of reasons, including: 
no record of at least one cycle before and/or after vaccination, not 
remembering the vaccine type, took Sinopharm vaccination (very small 
number), or failed to record the vaccination date. Of the unvaccinated, 
211 were excluded if they did not have cycles recorded in the same 
timeframe as vaccinated individuals (timepoint matching). The final 
cohort was composed of 7,559 individuals, of which 6,897 were vacci-
nated and 662 were unvaccinated. Fig. 1 presents the flowchart of the 
study population. 

Characteristics of the study population 

The majority of the participants who were vaccinated received the 
Pfizer-BioNTech COVID-19 vaccine (59.3 %). Moderna was the second 
common, comprising 28 % of vaccinated individuals. Over 70 % of the 
overall cohort identified as White. While 70 % of individuals were from 
the USA, 24 % of participants were from the UK. 69 % of participants 
denied use of tobacco and 76 % of participants did not use any contra-
ception. Table 1 summarizes the characteristics of the study population. 
The overall cohort was approximately equally split across age groups, 
except for those ages 18–24, which made up 29 % of the overall cohort. 

There were a few statistically significant demographic differences 
between unvaccinated and vaccinated individuals. The unvaccinated 
cohort is relatively younger than the vaccinated cohort (p = 0.001). In 
terms of race, the unvaccinated group was composed of less Asian in-
dividuals, compared to the vaccinated cohort (p < 0.001). The propor-
tion of individuals from the USA are 12 % higher in the unvaccinated 
cohort than the vaccinated cohort (p < 0.001). Furthermore, the un-
vaccinated cohort is less educated with 25 % completing undergraduate 

Table 1 
Demographics and Characteristics of Study Population.  

Variable  Overall (N = 7559) Vaccinated % (N = 6897) Unvaccinated (N = 662) P-value** 

Age 18–24 2192 (29 %) 1960 (28 %) 232 (35 %)  0.001  
25–29 1430 (19 %) 1307 (19 %) 123 (19 %)   
30–34 1479 (20 %) 1366 (20 %) 113 (17 %)   
35–39 1146 (15 %) 1041 (15 %) 105 (16 %)   
40+ 1307 (17 %) 1219 (18 %) 88 (13 %)  

Race Asian 445 (6 %) 439 (6 %) 6 (1 %)  <0.001  
Black 436 (6 %) 382 (6 %) 54 (8 %)   
Hispanic 515 (7 %) 469 (7 %) 46 (7 %)   
White 5905 (78 %) 5387 (78 %) 518 (78 %)   
Other 258 (3 %) 220 (3 %) 38 (6 %)  

Country Australia 388 (5 %) 371 (5 %) 17 (3 %)  <0.001  
Canada 42 (1 %) 41 (1 %) 1 (0 %)   
UK 1805 (24 %) 1696 (25 %) 109 (16 %)   
USA 5324 (70 %) 4789 (69 %) 535 (81 %)  

Education High school or less 733 (10 %) 584 (9 %) 149 (23 %)  <0.001  
Some college 2007 (26 %) 1723 (25 %) 284 (43 %)   
Undergraduate 2996 (40 %) 2830 (41 %) 166 (25 %)   
Postgraduate 1814 (24 %) 1753 (25 %) 61 (9 %)  

BMI Less or normal 3254 (48 %) 2952 (48 %) 302 (49 %)  0.217  
Overweight 1599 (23 %) 1473 (24 %) 126 (21 %)   
Obesity 1947 (29 %) 1765 (28 %) 182 (30 %)  

Contraception use No 5766 (76 %) 5234 (76 %) 532 (80 %)  0.011  
Not sure 1793 (24 %) 1663 (24 %) 130 (20 %)  

Stress Mean 7 7.03 6.63  <0.001  
SD 1.75 1.66 2.48  

Smoking tobacco No 5241 (69 %) 4831 (70 %) 410 (62 %)  <0.001  
Yes 2318 (31 %) 2066 (30 %) 252 (38 %)  

Type J&J 349 (5 %)     
Moderna 1909 (28 %)     
Oxford-Astrazeneca 530 (8 %)     
Pfizer-BioNTech 4109 (59 %)     

** We used Chi-squared test for Age, Race, Education, BMI, and Method, Fisher’s exact test for Country, and t-test for Stress scale. 
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compared to 41 % in the vaccinated cohort (p < 0.001). Additionally, 
the prevalence of postgraduate class is 16 % higher in the vaccinated 
cohort. Interestingly, unvaccinated group reported lower stress scores (p 
< 0.001) and more tobacco use (p < 0.001). 

Cycle length 

The average cycle lengths for PRIOR, DURING, AFTER1, and 
AFTER2 can be found in Table 2. In the DURING compared to PRIOR 
cycle, a mean change of 1.07 days in vaccinated and 1.063 days in the 
unvaccinated was observed (p = 0.984). Likewise, comparing AFTER1 
to baseline of PRIOR, a mean change of − 0.161 days in the vaccinated 
group and 0.193 days in the unvaccinated group was observed, but it 
was not statistically significant (p = 0.234). Similarly, comparing 
AFTER2 to baseline of PRIOR, a mean change of − 0.061 days in the 
vaccinated group and − 0.102 days in the unvaccinated group was 
observed, which was not statistically significant (p = 0.887) (Table 3). 
These findings are presented in Fig. 3. 

Period length 

The average period lengths for PRIOR, DURING, AFTER1, and 
AFTER2 can be found in Table 2. 

Analysis of individuals who were vaccinated during their menstrual period 
In the DURING compared to PRIOR period, a mean change of 0.434 

days in vaccinated and 0.051 days in the unvaccinated was observed, 
which was statistically significant (p = 0.014). However, comparing 
AFTER1 to baseline of PRIOR, a mean change of − 0.017 days in the 
vaccinated group and 0.078 days in the unvaccinated group was 
observed, but it was not statistically significant (p = 0.463). Similarly, 
comparing AFTER2 to baseline of PRIOR, a mean change of − 0.108 days 
in the vaccinated group and − 0.033 days in the unvaccinated group was 
observed, which was not statistically significant (p = 0.692) (Table 3). 
These findings are presented in Fig. 4. 

Analysis of individuals who were vaccinated between their menstrual periods 
Comparing AFTER1 to baseline of PRIOR, a mean change of 0.009 

days in the vaccinated group and 0.036 days in the unvaccinated group 
was observed (p = 0.635). Similarly, comparing AFTER2 to baseline of 
PRIOR, a mean change of − 0.025 days in the vaccinated group and 
− 0.055 days in the unvaccinated group was observed (p = 0.633) 
(Table 3).). These findings are presented in Fig. 5. 

Stress levels 
The Perceived Stress Scale mean score of the overall cohort was 7/ 

40. The vaccinated had a mean score of 7.03 and the unvaccinated had a 
mean score of 6.63 (p=<0.001). A score from 0 to 13 is considered low 

stress. 

Discussion 

Menstrual data from 7,559 menstruating individuals demonstrated 
that the COVID-19 vaccination is associated with statistically significant 
change in the length of the period during which vaccination was 
received. These changes are only observed if vaccination is administered 
during a concurrent menstrual period. There were no statistically sig-
nificant changes in the cycle length following the vaccination. While 
these changes were statistically significant, the observed clinical dif-
ference would amount to a few hours, and it is doubtful that menstru-
ating individuals will notice this change. This knowledge allows 
providers to reinforce the safety of the vaccine and reduces hesitancy 
about perceived effects on menstrual health. With these findings, pro-
viders may better counsel and inform menstruating patients about 
limited changes that may occur in individuals immediately after they 
receive vaccination, if they receive the vaccine while menstruating. 

Menstrual irregularities have been observed in conjunction with 
vaccine administration as early as 1913, when a group of nurses received 
the Typhoid vaccine. However, throughout history, the effect of vac-
cines on menstruation in general have not been well documented. This is 
evidenced by the clinical trials for COVID-19 vaccines, as menstrual ir-
regularities were not monitored as adverse events for individuals [13]. 

This study builds upon the recent effort in research to determine the 
effect of COVID-19 vaccine on menstruation. Several other studies have 
utilized period-tracking mobile applications, including Clue, to collect 
menstrual cycle and period data. Using the Natural Cycles, Edelman et al 
previously evaluated the effect of COVID-19 vaccine on length of men-
strual cycles and periods of individuals in the USA, and found that 
COVID-19 vaccination was associated with a small change in cycle 
length but not period length [13]. Using Natural Cycles as well, Darney 
et al surveyed users on changes to number of heavy bleeding days to 
investigate the association between COVID-19 vaccine and menstrua-
tion, and determined that vaccinated individuals reported more heavy 
bleeding days after their first vaccination dose [14]. Similarly, Gibson et 
al used the Apple’s Women Health Study, a longitudinal mobile- 
application-based cohort of people in the U.S. with manually logged 
menstrual cycles, and found that COVID-19 vaccination was associated 
with a small and temporary change in cycle length [15]. Finally, our 
study builds off the work of Alvergne et al who used Clue as well and 
determined that infection with COVID-19 or COVID-19 vaccination was 
associated with small, temporary changes in cycle length [16]. These 
studies using period-tracking applications build upon a body of litera-
ture using cross-sectional data to demonstrate minor changes to men-
strual cycles associated with COVID-19 vaccination or COVID-19 

Table 2 
Average pre-vaccination baseline (Prior) and post-vaccination (During, After1, 
After2) cycle and period length for vaccinated and unvaccinated individuals.   

Prior During After1 After2 

Vaccinated 
Avg cycles length 30.0 

(7.29) 
31.1 
(8.68) 

29.8 
(7.04) 

29.9 
(7.08) 

Avg period length (Individuals 
vaccinated during period) 

4.63 
(1.83) 

5.06 
(2.84) 

4.61 
(1.98) 

4.52 
(1.83) 

Avg period length (Individuals 
vaccinated in between periods) 

4.20 
(1.76) 

− - 4.21 
(1.75) 

4.18 
(1.80) 

Unvaccinated 
Avg cycles length 29.7 

(7.12) 
30.7 
(8.52) 

29.9 
(7.47) 

29.6 
(7.13) 

Avg period length (Index 
vaccination during period) 

4.32 
(1.66) 

4.37 
(1.56) 

4.38 
(1.46) 

4.28 
(1.63) 

Avg period length (Index 
vaccination in between periods) 

4.17 
(1.72) 

− - 4.21 
(1.62) 

4.12 
(1.68)  

Table 3 
Post-vaccination changes in menstrual cycle length and period length(During, 
After1, After2) compared to pre-vaccination baseline(PRIOR).    

Vaccinated Unvaccinated P- 
value 

Mean change in Cycle Length   During  1.07  1.063  0.984 
After1  − 0.161  0.193  0.234 
After2  − 0.061  − 0.102  0.887  

Mean change in Period 
Length(Vaccinated/index 
vaccination during period)  

During  0.434  0.051  0.014* 
After1  − 0.017  0.078  0.463 
After2  − 0.108  − 0.033  0.692 

Mean change in Period Length 
(Vaccinated/index 
vaccination in between 
periods)  

After1  0.009  0.036  0.635 
After2  − 0.025  − 0.055  0.633 

Note: The p values reported are from t-test of the means at each time point. * 
indicates statistical significance. 
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infection [23–27]. While this study did not observe changes to cycle 
length, we expanded the scope of the literature by examining menstrual 
period length and similarly found that the observed statistically signif-
icant change in menstrual period length was neither clinically signifi-
cant nor persistent past the first cycle post-vaccination. Additionally, 
this study adds to the literature by recruiting from regions outside of the 
USA, including UK, Australia, and Canada. 

Clinical Implications 

Menstrual irregularities are an important indicator of health for in-
dividuals who menstruate, as changes in the length or flow have been 
associated with depression, anxiety, and anemia [28,29]. Understanding 
the effect of vaccines on menstruation can help healthcare providers 
inform recipients on what changes they can expect post-vaccination. 

Fig. 3. 3A. Frequency histogram of changes in length of the cycle for unvaccinated group using index date (4/1/2021) as a control for vaccination. Cycle length 
changes are comparing the cycle during which index date occured (DURING), the first cycle after index date (AFTER1), and the second cycle after index date 
(AFTER2) compared to the 6-month average cycle length prior to vaccination. 3B. Among vaccinated group, frequency histogram of changes in length of the cycle 
during which vaccination is received (DURING), the first cycle after vaccination (AFTER1), and the second cycle after vaccination (AFTER2) compared to the 6- 
month average cycle length prior to vaccination. 

Fig. 4. 4A. Frequency histogram of changes in length of the period for unvaccinated group using index date (4/1/2021) as a control for vaccination. Period length 
changes are comparing the period during which index date occurred (DURING), the first period after index date (AFTER1), and the second period after index date 
(AFTER2) compared to the 6-month average of period lengths prior to index date. 4B. Among vaccinated group, frequency histogram of changes in length of the 
period during which vaccination is received (DURING), the first period after vaccination(AFTER1), and the second period after vaccination(AFTER2) compared to the 
6-month average of period lengths prior to vaccination date. 
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Furthermore, the spread of anecdotes about menstrual irregularities 
caused by vaccination amongst individuals has the potential to spread 
and exacerbate vaccine hesitancy. The demographic differences 
observed between unvaccinated and vaccinated cohorts is notable, as 
providers can better understand which individuals are more hesitant 
about COVID-19 and its potential side effects. Our unvaccinated cohort 
was younger, less educated, and disproportionately from the USA — this 
information can be used to inform educational efforts to reduce vaccine 
hesitancy. With the findings of this study, it is important on a public 
health level for providers clarify the picture [28]. 

Research implications 

Further understanding the immune microenvironment of the endo-
metrium may further elucidate the effect of COVID-19 vaccine on 
menstruation. The endometrium is enriched with immune cells, 
including uterine-specific natural killer (NK) cells, macrophages, as well 
as lymphoid aggregates containing B cells and CD8 + T cells [30]. The 
composition of this immune microenvironment varies throughout the 
menstrual cycle, as pro-inflammatory mechanisms relate to the initia-
tion of menstruation and anti-inflammatory mechanisms relate to the 
conclusion of menstruation [30,31]. The NK cells specific to the endo-
metrium are CD3- CD56 bright CD16-, compared to CD3- CD56 dim 
CD16 + in the peripheral blood. These cells are observed to increase 
after ovulation and in the days prior to menstruation [30]. The increase 
in leukocytes before menstruation results in the release of proteases, 
chemokines, and cytokines, such as IL-1 and TNFa, which ultimately 
produce and activate matrix metalloproteinases. The tissue breakdown 
caused by metalloproteinases is a hallmark of menstruation [31,32]. It is 
not clear how the recruitment of leukocytes and metalloproteinases is 
regulated; however, recent studies have isolated specific chemokines 
responsible for the increase in leukocytes leading to menstruation [33]. 
We hypothesize that the COVID-19 vaccination may modulate these 
chemokine levels, leading to changes in menstrual cycle and period 
length post-vaccination. To further investigate this effect, our group is 
conducting an additional study on the effect of COVID-19 vaccine on 
endometrium. Menstrual effluent will be examined for inflammatory 
and endocrine changes in the endometrium before and after vaccination. 
We hope to identify the specific mechanisms which may be implicated in 
the associated cycle and period changes post-vaccination. 

Strengths and limitations 

Limitations to this study include low diversity, as most participants 
were White. There is potential selection bias by recruiting users of the 
Clue app, as period-tracking applications may be used among the more 
technologically savvy individuals. Furthermore, due to the technical 
issue in linking Clue IDs with survey participants, there may have been a 
selection bias in included participants. However, the in-app messages to 
users were sent at random and those excluded were not based on user 
characteristics, but based on the timepoint at which the technical error 
occurred. Therefore, it is unlikely that this caused a selection bias in this 
cohort. The limitations of using Clue data are balanced with the 
strengths of the application in accessing thousands of individuals 
worldwide and collecting day to day data would be otherwise difficult 
on an individual basis. 

Conclusion 

Menstrual health is a vital contributor to an individual’s wellbeing. 
Informing patients that vaccines may change period lengths would be 
helpful for vaccine recipients to know beforehand. Future studies should 
investigate changes to heaviness of flow as well as pain to elucidate the 
complete picture for individuals who menstruate. Menstrual health 
should be included in initial trials of future vaccines. 
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