
Journal Pre-proof

SARS-CoV-2 infection and subsequent changes in the menstrual cycle among
participants in the Arizona CoVHORT Study

Sana M. Khan, Alexandra Shilen, Kelly M. Heslin, Providence Ishimwe, Alicia M.
Allen, Elizabeth T. Jacobs, Leslie V. Farland

PII: S0002-9378(21)01044-9

DOI: https://doi.org/10.1016/j.ajog.2021.09.016

Reference: YMOB 14070

To appear in: American Journal of Obstetrics and Gynecology

Received Date: 25 May 2021

Revised Date: 3 September 2021

Accepted Date: 16 September 2021

Please cite this article as: Khan SM, Shilen A, Heslin KM, Ishimwe P, Allen AM, Jacobs ET, Farland
LV, SARS-CoV-2 infection and subsequent changes in the menstrual cycle among participants in
the Arizona CoVHORT Study, American Journal of Obstetrics and Gynecology (2021), doi: https://
doi.org/10.1016/j.ajog.2021.09.016.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published
in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2021 Elsevier Inc. All rights reserved.

https://doi.org/10.1016/j.ajog.2021.09.016
https://doi.org/10.1016/j.ajog.2021.09.016
https://doi.org/10.1016/j.ajog.2021.09.016


 
 

Title: SARS-CoV-2 infection and subsequent changes in the menstrual cycle among participants 1 
in the Arizona CoVHORT Study 2 

 3 
 4 

*Sana M. Khan
1
 5 

*Alexandra Shilen
1
 6 

Kelly M. Heslin
1
 7 

Providence Ishimwe
1
 8 

Alicia M. Allen
,1,2,3

 9 
Elizabeth T. Jacobs

1,3
 10 

Leslie V. Farland
1,3,4 11 

 12 
* 

Indicates joint contribution
  13 

 14 
1
Department of Epidemiology and Biostatistics, Mel and Enid Zuckerman College of Public Health, 15 

University of Arizona, Tucson, AZ, United States;  16 

2
Department of Family and Community Medicine, University of Arizona, Tucson AZ, United States; 17 

3 
The University of Arizona Cancer Center, Tucson, AZ, United States; 18 

4
Department of Obstetrics and Gynecology, College of Medicine-Tucson, University of Arizona, Tucson 19 

AZ, United States 20 

Conflict of Interest Statement: The authors report no conflict of interest.  21 

Corresponding Authors 22 
 23 
Sana M. Khan, MPH 24 
Mel and Enid Zuckerman College of Public Health, The University of Arizona 25 
Department of Epidemiology and Biostatistics 26 
1295 N. Martin Ave, Tucson, AZ 85724 27 
Email: sanakhan@email.arizona.edu  28 
phone: 928-377-9057 fax: 520-626-8009  29 
 30 
Alexandra Shilen, MPH 31 
Mel and Enid Zuckerman College of Public Health, The University of Arizona 32 
Department of Epidemiology and Biostatistics 33 
1295 N. Martin Ave, Tucson, AZ 85724 34 
Email: alexandrashilen@arizona.edu   35 
phone: 716-949-3743 fax: 520-626-8009  36 
 37 
Keywords: SARS-CoV-2, COVID-19, menstrual cycle, women’s health, stress 38 
Word Count: 662 39 

Jo
urn

al 
Pre-

pro
of

mailto:sanakhan@email.arizona.edu
mailto:alexandrashilen@arizona.edu


 

 
 
 

1 

 
 
 

Objective: The menstrual cycle involves complex interactions between various tissues, hormones, and 40 

organ systems. As such, the menstrual cycle is sensitive to endogenous and exogenous factors, including 41 

infection and changes in lifestyle. Over a year into the global pandemic caused by SARS-CoV-2 42 

(COVID-19), there is increasing interest in understanding the post-acute sequalae of SARS-CoV-2 43 

(PASC) following infection (1). Emerging evidence suggests that SARS-CoV-2 infection (2), COVID-44 

19 vaccination, and/or psychological stress related to the COVID-19 pandemic (3) may influence the 45 

menstrual cycle. However, there is a paucity of scientific research on these topics; therefore, our 46 

objective was to describe SARS-CoV-2 infection and menstrual cycle changes. 47 

Study Design: In May 2020, the Arizona CoVHORT Study began recruiting individuals for a 48 

prospective, population-based cohort, with the purpose of identifying the long-term consequences of 49 

COVID-19. The design of CoVHORT has been previously published (4); briefly, SARS-CoV-2 positive 50 

cases were recruited through case investigations as part of an academic-health department partnership 51 

with several health departments and testing centers across Arizona. We restricted our analysis to SARS-52 

CoV-2 positive participants, 18-45 years old, who identified as women or non-binary and who were not 53 

currently or recently pregnant as of January 2020. Participants reporting laboratory-confirmed or 54 

suspected SARS-CoV-2 infection were administered “symptom surveys” focused on COVID-19 55 

symptomology at approximately 6-week intervals. All study procedures were approved by the 56 

University of Arizona Institutional Review Board (#2003521636A002). 57 

 58 

At baseline, participants reported their demographics, stress (5), and self-reported severity of COVID-19 59 

illness (score range 0-10). Participants were also asked if they had noticed menstrual cycle changes as an 60 

ongoing or new symptom of their COVID-19 illness. If endorsed, they were asked “What changes to 61 
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your menstrual cycle have you noticed?”  We compared demographics, comorbidities, self-rated 62 

COVID-19 severity, self-reported stress measured by the Perceived Stress Scale-10 (PSS-10), and 63 

COVID-19 symptomology among participants who reported a change in their menstrual cycle and those 64 

who did not. Comparisons were made using t-tests, chi-squared tests, and Poisson regression where 65 

appropriate.  66 

 67 

Results: Of SARS-CoV-2 positive participants (n=127), 16% reported changes in their menstrual cycle 68 

(Table 1). The median number of days between a positive SARS-CoV-2 test and last reported menstrual 69 

cycle changes was 57.5 (range 28-222). Compared to SARS-CoV-2 positive participants who did not 70 

report changes, those who reported changes to their menstrual cycle were more likely to have reported a 71 

greater number of COVID-19 symptoms (8.6 vs. 6.1; p-value: 0.01) and to identify as Hispanic (50% vs. 72 

25%; p-value: 0.03). SARS-CoV-2 positive participants who reported changes to their menstrual cycle 73 

were more likely to have an overweight/obese body mass index (60% vs. 44.9%; p-value: 0.2), and to 74 

report higher self-rated illness severity scores (5.3 vs. 2.4; p-value: 0.14) compared to those who did not 75 

report changes; however, these comparisons did not reach the threshold of statistical significance. When 76 

comparing the most-common COVID-19 symptoms, individuals who reported changes to their 77 

menstrual cycle were more likely to report fatigue (p-value: <0.01), headache (p-value: 0.002), body 78 

aches and pains (p-value: 0.002), and shortness of breath (p-value: 0.002) as COVID-19 symptoms 79 

compared to participants who did not report changes to their menstrual cycle. Among participants who 80 

reported changes to their menstrual cycle, the most common reported changes were irregular 81 

menstruation (60.0%), an increase in premenstrual syndrome symptoms (45.0%), and infrequent 82 

menstruation (35.0%).  83 
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Conclusion: The impact of COVID-19 on the menstrual cycle is largely unknown. People who reported 84 

changes in their menstrual cycle after SARS-CoV-2 infection reported more COVID-19 symptoms as 85 

compared to those who did not; however, identification of other differences between these groups were 86 

limited in this study due to the small sample size and inability to adjust for potential confounding 87 

factors. Additionally, information on COVID-19 symptoms were assessed every six weeks for SARS-88 

CoV-2 positive participants which may lead to misclassification.  The duration of menstrual cycle 89 

changes indicates the need to further investigate the role of PASC on reproductive health. 90 
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Table 1. SARS-CoV-2 positive participants in The Arizona CoVHORT, 18-45 years old, 

stratified by whether they saw changes in their menstrual cycle after infection   

 
 COVID-19 Positive Participants 

Characteristics  SARS-CoV-2 

positive participants 

who reported a 

change in their 

menstrual cycle after 

infection
1,2

  

(n=20; 15.7%) 

SARS-CoV-2 positive participants 

who did not report a change in 

their menstrual cycle after  

infection 
1,3

  

(n=107; 84.3%) 

Age (years), mean 

(sd) 

30.5 (8.4) 30.6 (9.2) 

Min-max 18-45 18-45 

Body Mass Index 

(kg/m
2
)

4
, mean (sd) 

28.1 (7.9) 27.0 (8.4) 

Min-max 15.7 – 48.1 17.0 – 60.1 

Body Mass 

Index(kg/m
2
), n 

(%)
 

  

< 18.5 1 (5.0) 5 (4.7) 

   18.5 – 24.9 7 (35.0) 54 (50.5) 

    25.0 – 29.9 6 (30.0) 21 (19.6) 

    30.0 – 39.9 4 (20.0) 17 (15.9) 

     >= 40 2 (10.0) 10 (9.4) 

Race, n (%)   

White 14 (70.0) 96 (89.7) 

Mixed Race 4 (20.0) 6 (5.6) 

Prefer not to 

answer 

2 (10.0) 2 (1.9) 

Ethnicity, n (%)
 

  

Non-Hispanic 10 (50.0) 77 (74.0) 

Hispanic 10 (50.0) 26 (25.0) 

Presence of a 

comorbid 

condition, n (%) 

12 (60.0) 59 (55.1) 

Self-rated Illness 

Severity Score 

(baseline), mean 

(sd)
 

5.3 (2.4) 4.4 (2.4) 

Min-max 1-9 1-10 

PSS-10 (baseline)
5
, 

mean (sd) 

22.7 (7.9) 20.7 (6.4) 

Min-Max 5-32 7-35 

Number of 

COVID-19 

symptoms
6
, mean 

(sd) 

8.6 (3.5) 

 

6.1 (4.1) 

Min-Max 0-16 0-17 

Changes in 

Menstrual Cycle, 

n (%) 

  

One or more 5 (25.0)  
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missed menstrual 

periods 

Infrequent 

menstruation (i.e., 

menstrual periods 

occurring at 

intervals greater 

than 35 days) 

7 (35.0)  

Irregular 

menstruation (i.e., 

the number of days 

your menstrual 

period lasts or the 

time between each 

varies significantly) 

12 (60.0)  

Abnormal bleeding 

or spotting between 

normal menstrual 

periods 

3 (15.0)  

Abnormally heavy 

or prolonged 

bleeding (i.e., 

bleeding for longer 

than a week, 

needing to use 

double the sanitary 

protection to 

control your 

menstrual flow) 

4 (20.0)  

Abnormally light 

bleeding 

2 (10.0)  

Increase in 

menstrual pain or 

cramps 

4 (20.0)  

Increase in 

premenstrual 

syndrome 

symptoms (i.e., 

greater than usual 

mood swings, 

feelings of 

anxiety/depression, 

tiredness, trouble 

sleeping, 

bloating/stomach 

pain, breast 

tenderness, changes 

in appetite or sex 

drive) 

9 (45.0)  

Most common 

COVID-19 

symptoms, n (%) 

  

Fatigue 15 (79.0) 29 (27.1) 

Headache 11 (57.9) 21 (19.6) 

Body aches and 10 (52.6) 17 (15.9) 
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pains 

Shortness of breath 10 (52.6) 17 (15.9) 
1
 “Have you been tested for the virus that causes CoVID19 with a nasal swab, throat swab or saliva?  Or “Were you 

told by a medical provider that you were “presumed positive” (i.e., had COVID-19) even though you had a negative 

test result?”. 
2
Missing values or “Prefer not to answer”: self-rated severity score (n=1), PSS-10 (n=3); top reported COVID-19 

symptoms (n=1)  
3
Missing values: race (n=1), ethnicity (n=4), severity score (n=18), PSS-10 baseline (n=24);

  

4
BMI = body mass index;  

5
PSS-10 frames questions “In the last month have you …”;  

6
COVID-19 symptoms associated with the illness described on the same survey on which the positive COVID-19 

test was reported (select all that apply: fever, sore throat, cough, difficulty breathing or shortness of breath, chest 

pain or pressure, runny nose/cold-like symptoms, fatigue, aches and pains or muscle sores, chills, diarrhea (3 or 

more loose/looser than normal stools/24 hr period), nausea, vomiting, headache, loss of smell/taste, bone pain/nerve 

pain, conjunctivitis, rash on skin, discoloration of fingers or toes, loss of speech or movement, other)
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