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ABSTRACT

Background: COVID-19 vaccination has been inconsistently associated with an increased risk of heavy menstrual
bleeding in previous studies. This study aimed to assess the risk of heavy menstrual bleeding requiring hospital
care following COVID-19 vaccination according to the number of doses received and the time elapsed since
vaccination.

Methods: Using comprehensive data of the French National Health Data System, we carried out a case-control
study. Non-pregnant 15-50 years old women who had a hospital discharge diagnosis of heavy menstrual
bleeding between May 12, 2021, and August 31, 2022 (cases) were randomly matched to up to 30 controls of
same age, place of residence, social deprivation index, and contraceptive use profile at the date of case hospital
admission (index date). Conditional logistic regression models were used to estimate the risk of hospital care for
heavy menstrual bleeding associated with primary or booster doses and delay since last COVID-19 vaccination at
index date, adjusting for socio-demographic characteristics, comorbidities, healthcare use indicators, and recent
SARS-CoV-2 infection.

Results: A total of 4610 cases and 89,375 matched controls were included (median age, 42 years). Compared to
unvaccinated women, the risk of hospital care for heavy menstrual bleeding was increased in those having
received a last dose of primary vaccination in the preceding 1-3 months (Odds Ratio, 1.20 [95% confidence
interval, 1.07-1.35]). This association was marked among women residing in the most deprived municipalities
(1.28 [1.07-1.52]) and those who were not using hormonal contraception (1.28 [1.11-1.48]). Assuming a causal
relationship, a total of 103 cases [54-196] were estimated to be attributable to primary vaccination in France.
Conclusion: These findings provide evidence of an increased risk of heavy menstrual bleeding during the three-
month period following primary COVID-19 mRNA vaccination. No increased risk was found beyond 3 months
after primary vaccination nor following booster doses.

1. Introduction

heavy menstrual bleeding, mostly qualified as non-severe and self-
resolving, occurred after the first, second and booster doses.

In October 2022, following reports of abnormal menstrual bleeding
cases, the European Medicines Agency (EMA) considered heavy men-
strual bleeding as a potential side effect of the two mRNA-based COVID-
19 vaccines Comirnaty (Pfizer/BioNTech) and Spivevax (Moderna), and
products information were updated accordingly [1]. Reported cases of

Several epidemiological studies have investigated the relationship
between COVID-19 vaccination and menstrual disorders [2-12], but
findings are inconsistent regarding the risk of heavy menstrual bleeding.
In the Norwegian MoBa cohort, the risk of heavier and longer-than-usual
bleeding was 60% higher in the first cycle after vaccination than in the
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cycle preceding vaccination in girls aged 12-15 years [3], and nearly
twice as high in the six weeks after the first or second dose in women
aged 18-30 years [4]. A slightly increased risk of greater bleeding
quantity was also found following the first COVID-19 vaccine dose in a
US cohort study of women with normal menstrual cycles [5]. In contrast,
in a large cohort study of pre-menopausal Swedish women, no increase
in healthcare contacts for heavy menstrual bleeding was reported in the
8-90 days following vaccination [2], although in this study and in
another one [13], COVID-19 vaccination was found associated with
unexpected vaginal bleeding in women without menstruation. Further-
more, COVID-19 vaccination, unlike COVID-19 disease, was not asso-
ciated with self-reported changes in menstruation bleeding quantity in a
UK retrospective study [6]. Heterogeneity of the risk according to the
way menstrual disorders were identified and the timing and dose of
vaccination considered may explain such differences [7,11].

This study aimed to thoroughly assess the risk of heavy menstrual
bleeding requiring hospital care following COVID-19 vaccination among
women aged 15-50 years in France according to the number of doses
received and the time elapsed since vaccination.

2. Methods
2.1. Data source

As in previous studies conducted by our group Epi-Phare [14-17],
this study used individual data from four French national data sources:
the Systeme National des Données de Santé (SNDS), the Systeme d'In-
formation sur les Vaccins anti-COVID-19 (VAC-SI), the Systeme d'In-
formation sur le Dépistage (SI-DEP), and hospitalization data from the
Programme de Médicalisation des Systéemes d'Information (PMSI). These
databases, matched thanks to a unique individual anonymous identifier
[18], contain comprehensive information for almost the entire French
population. The SNDS includes information on socio-demographic
characteristics and reimbursements for drugs, imaging and laboratory
tests delivered or performed outpatient; the VAC-SI database contains
information on COVID-19 vaccinations (products and injection dates);
the SI-DEP database contains information on the dates and results of
SARS-CoV-2 tests (polymerase chain reaction (PCR), antigenic or sero-
logical tests); the PMSI includes information on hospital care, including
dates of hospital stays, inpatient procedures and discharge diagnoses.

2.2. Study population

The COVID-19 vaccination campaign started in France on December
27, 2020, first in the elderly population with comorbidities or in
healthcare professionals, and was extended to all adults on May 12,
2021.

In this case-control study, eligible cases were all women aged 15 to
50 years with a hospital discharge diagnosis of heavy menstrual
bleeding in France identified from PMSI hospitalization data, with a date
of hospital admission between May 12, 2021 (date on which vaccination
was made available to the general population in France) and August 31,
2022. Heavy menstrual bleeding was defined as any ICD-10 diagnosis
code N92.x as principal or related hospital discharge diagnosis: N92.0
“Excessive and frequent menstruation with regular cycle”, N92.1
“Excessive and frequent menstruation with irregular cycle”, N92.5
“Other specified irregular menstruation”, N92.6 “Irregular menstrua-
tion, unspecified”. In the French version of the ICD-10 [19], N92 code
refers to “Menorrhagia, polymenorrhoea and metrorrhagia”, therefore
N92.x codes generally correspond to cases with heavy menstrual
bleeding.

Each case was matched to up to 30 randomly selected controls who
did not have any hospital discharge diagnosis (principal, related or
associated) of excessive, frequent or irregular menstruation (ICD-10
code: N92) or other abnormal uterine or vaginal bleeding (ICD-10 code:
N93) during the study period. Matching criteria were year of birth,
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location of residence (département), level of social deprivation index of
the municipality of residence [20] (low [social deprivation index in two
most deprived quintiles of the distribution in France] or high [three least
deprived quintiles]) and contraceptive method used in the last six
months (hormonal contraceptive excluding intrauterine device [IUD] /
hormonal IUD / non-hormonal IUD / other or no contraception). Cases'
date of hospital admission was used as the index date for cases and their
matched controls.

Eligible cases and controls with one of the following criteria were
excluded: (i) women who at the index date had a history of pregnancy in
the preceding 18 months, a history of hysterectomy or coagulation
disorder in the preceding five years, or a history of antithrombotic drug
use in the preceding 3 months; (ii) women vaccinated before 12 May
2021 - as in France vaccination was then restrained to specific categories
of the population (i.e., women at high risk of severe COVID-19, health
professionals); (iii) women who had not used the healthcare system for
the last 2 years prior to the index date (for whom healthcare identifi-
cation in the SNDS could be an issue).

2.3. Exposure

Exposure was defined by the type of last COVID-19 vaccination
received (primary vaccination [first or second dose] or booster [third or
higher dose]) and the elapsed time since its administration (<1 month, 1
to 3 months, 3 to 6 months, 6 to 9 months and > 9 months) at the index
date. Women who had not received any COVID-19 vaccine by the index
date were considered unexposed.

2.4. Covariates

In addition to characteristics used as matching variables, various
covariates potentially associated with the risk of hospital care for heavy
menstrual bleeding and with COVID-19 vaccination were considered.
All these covariates were measured at the index date. Socio-
demographic characteristics included affiliation to solidarity-based
complementary health insurance (C2S, allowing free access to health
care for people with low incomes) and size of the municipality of resi-
dence (below or above 50,000 inhabitants). Healthcare use indicators
included the numbers of outpatient visits to a GP and to a specialist in
gynaecology, and the number of hospital stays (excluding for obstetrical
reasons) over the period 2018-2019, i.e. before the COVID-19-related
disruptions in healthcare access (eTable 1). The following comorbid-
ities, identified in the five years prior to the index date based on hospital
discharge and long-term disease diagnoses, reimbursed treatments and
medical procedures (eTables 2 and 3), were considered: obesity, smok-
ing, and alcohol use disorders; diabetes, hypertension, cardiovascular
disease, chronic respiratory disease, mental disorder, cancer, auto-
immune disorder, anaemia, genital tract disorder (including leio-
myoma, endometriosis, polyps, other non-inflammatory diseases and
inflammatory disorders); and five years history of heavy menstrual
bleeding. Recent SARS-CoV-2 infection was identified by a positive PCR
or antigenic test or a hospitalization for COVID-19 in the preceding two
months. Characteristics of cases' hospital stay included information on
the length of stay, on admission to the emergency department or to an
intensive care unit, and on any hospital discharge diagnosis of anaemia
or blood transfusion during the stay. Information was also available on
any death within the 30 days of hospital admission.

2.5. Statistical analysis

Conditional logistic regression models were used to estimate Odds
Ratios (OR) of hospital care for heavy menstrual bleeding associated
with exposure, adjusting for sociodemographic characteristics, health-
care use indicators, comorbidity and recent SARS-CoV-2 infection. An-
alyses were conducted overall and separately according to age (15-34 or
35-50 years), level of social deprivation index (low or high) and use of
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hormonal contraception (yes or no). Because we are studying biological
relationships rather than random numbers, and because real associa-
tions are to be expected [21], we did not adjust for multiple tests but
rather interpreted the results cautiously and according to biological
plausibility and to available knowledge.

Various sensitivity analyses were performed to assess the robustness
of the results. First, the study population was restricted by excluding (a)
women aged below 18 years, (b) C2S beneficiaries and (c) women with a
history of SARS-CoV-2 infection in the two months before index date.
Second, analyses were conducted using tighter identification criteria for
heavy menstrual bleeding, i.e. (d) restriction to ICD-10 codes N92.0 or
N92.1 only (i.e. the most specific ICD-10 codes of heavy menstrual
bleeding), (e) exclusion of women with a history of heavy menstrual
bleeding diagnosis in the preceding year, and (f) exclusion of women
with an identified cause of heavy menstrual bleeding (including cancer,
auto-immune or genital tract disorder) or a history of anaemia or heavy
menstrual bleeding in the preceding five years.

To characterize the potential effect of an unmeasured confounding
bias, we determined the e-value [22]. This represents the strength of the
association that would have been necessary between this confounding
factor and heavy menstruation on the one hand, and between this con-
founding factor and the vaccine on the other hand, to explain the
observed association.

Using the odds ratio as an estimate of relative risk and assuming a
causal relationship, we estimated the total number of cases attributable
to the vaccine by multiplying the observed number of exposed cases by
the ratio (OR - 1)/OR, and the attributable fraction by dividing the result
by the total number of women aged 15 to 50 years vaccinated during the
study period [23]. Confidence intervals were calculated by the delta
method [17,24].

The analyses were performed using SAS 9.4 in SAS Enterprise Guide
software, Version 7.15. Copyright © 2013 SAS Institute Inc. SAS and all
other SAS Institute Inc. product or service names are registered trade-
marks or trademarks of SAS Institute Inc., Cary, NC, USA.

7,269 women aged 15 to 50 years
hospitalized for heavy menstrual bleeding
between May 12, 2021 and August 31,
2022 in France

Matching 1:30
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3. Results
3.1. Study population

A total of 7269 women aged 15 to 50 years with a hospital discharge
diagnosis of heavy menstrual bleeding between May 12, 2021 and
August 31, 2022 were matched to 193,443 women without any hospital
diagnosis of abnormal gynaecologic bleeding over the same period
(Fig. 1). After excluding pregnant or post-parturient women, those
hysterectomized, with coagulation disorder or history of antithrombotic
drug use, and those vaccinated before May 12, 2021, or not identifiable
in the SNDS, 4610 cases and 89,375 controls were included. Each
included case had 20 matched controls in median (IQR 17 to 23), and
92% had >10 controls (eFigure 1).

3.2. Characteristics of cases and controls

Cases' index date was distributed throughout the study period, with
no clear temporal trend between May 2021 and August 2022 (eFig-
ure 2). At the index date, cases and controls were aged 42 years in
median, and >60% were aged between 40 and 50 years (Table 1). They
lived all over France, mainly in municipalities with a low level of social
deprivation (cases: 54.5%, controls: 53.6%). Approximately 30% were
using hormonal contraception (cases: 33.2%, controls: 28.6%). Cases
were more often than controls affiliated to the C2S (21.6% versus
16.5%). Their level of healthcare use was higher: in 2018-2019 they
were more likely to have had more than five visits to a GP (60.9% versus
47.6%), to have visited a specialist in gynaecology at least once (57.1%
versus 44.2%), and to have been hospitalized (30.8% versus 18.3%).
Cases were also more often affected by certain comorbidities such as
obesity, diabetes, cardiovascular diseases, mental disorders, cancer,
autoimmune diseases, anaemia, and disorders of the genital tract (13.9%
versus 3.8% - mainly leiomyomas, polyps and endometriosis, excluding
identification at index date). Cases were more likely to have a history of
heavy menstrual bleeding in the preceding 5 years (4.9% versus 0.6%)
and they slightly more often had a history of SARS-CoV-2 infection in the
preceding two months (6.5% versus 5.8%).

193,443 women aged
15 to 50 years not hospitalized for
gynaecological bleeding between May 12, 2021
and August 31, 2022 in France

Women who at the index date had a history of pregnancy in
1,569 the preceding 18 months or a history of hysterectomy or 20,626
women coagulation disorder in the preceding five years (including at women

index date) or a history of antithrombotic drug use in the
preceding 3 months
1,057 25,793
women
Exclusion of women vaccinated before May 12, 2021 women
33 women X e . P 6,400

Exclusion of women who are difficult to identify in the SNDS women

4,610 cases

138,624 controls

89,375 matched to a
selected case

49,249 matched to non-
selected cases

4,610 cases matched to 89,375 controls

Figure 1. Flowchart
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Table 1
Characteristics of cases and controls at index date.
Controls Cases
N = 89,375 N = 4610

Sociodemographic characteristics*

Age in years
Mean (SD) 38.9 (9.5) 39.3 (9.0)
Median (IQR) 42 [34-46] 42 [35-46]
15-24 years 11,352 (12.7) 473 (10.2)
25-34 years 11,204 (12.5) 644 (14.0)
35-44 years 35,028 (39.2) 1840 (39.9)
45-50 years 31,791 (35.6) 1653 (35.9)

Solidarity-based complementary health insurance (C2S) 14,750 (16.5) 998 (21.6)

Region of residence
Paris region 13,941 (15.6) 717 (15.6)
North-West 16,826 (18.8) 844 (18.3)
North-North-East 23,192 (25.9) 1206 (26.2)
South-East 19,074 (21.3) 1004 (21.8)
South-West 13,693 (15.3) 704 (15.3)
Overseas departments 2649 (3.0) 135 (2.9)

Size of the municipality of residence
< 50,000 inhabitants
> 50,000 inhabitants

Level of social deprivation of the municipality of residence

Low
High
Contraception use*

Hormonal contraceptive excluding intrauterine device

Hormonal intrauterine device (IUD)

Non hormonal ITUD

None or other non-hormonal contraceptive
Healthcare use indicators
Number of outpatient visits to a GP in 2018-2019

0

1to2

3to5

6 to 10

11 or higher

Number of outpatient visits to a specialist in gynaecology in 2018-2019

0
1-2
3 or higher
Pregnancy during the period 2018-2019
Number of hospital stays** in 2018-2019
0
1to2
3 or higher
Comorbidity
Disorders related to
Alcohol consumption
Tobacco smoking
Obesity
Diabetes
Hypertension
Cardiovascular disease
Chronic respiratory disease
Mental disorder
Cancer
Auto-immune disorder
Anaemia
Genital tract disorder

History of heavy menstrual bleeding in the preceding 5 years

Recent SARS-CoV-2 infection

History of SARS-CoV-2 infection in the preceding 2 months

70,246 (78,6)
19,122 (21.4)

47,918 (53.6)
41,457 (46.4)

17,040 (19.1)
8494 (9.5)
3097 (3.5)
60,744 (68.0)

9906 (11.1)

15,005 (16.8)
21,887 (24.5)
22,967 (25.7)
19,610 (21.9)

49,826 (55.8)
25,347 (28.4)
6054 (6.7)
8148 (9.1)

72,990 (81.7)
14,532 (16.3)
1853 (2.0)

1028 (1.2)
6018 (6.7)
2571 (2.9)
1337 (1.5)
4214 (4.7)
750 (0.8)
3137 (3.5)
10,074 (11.3)
1623 (1.8)
1711 (1.9)
1226 (1.4)
3438 (3.8)
493 (0.6)

5167 (5.8)

3651 (79,2)
958 (20.8)

2511 (54.5)
2099 (45.5)

899 (19.5)
633 (13.7)
268 (5.8)
2810 (61.0)

369 (8.0)
538 (11.7)
894 (19.4)
1296 (28.1)
1513 (32.8)

1980 (42.9)
1558 (33.8)
606 (13.2)
466 (10.1)

3189 (69.2)
1183 (25.7)
238 (5.1)

58 (1.3)
374 (8.1)
282 (6.1)
117 (2.5)
332(7.2)
63 (1.4)
208 (4.5)
713 (15.5)
217 (4.7)
115 (2.5)
389 (8.4)
640 (13.9)
224 (4.9)

298 (6.5)

Numbers are n (%) unless stated otherwise.

SD: Standard Deviation; IQR: Inter Quartile Range.

" In spite of matching, age, region, deprivation index and contraception use were slightly unbalanced due to heterogeneous numbers of controls by case (eFigure 1).

" Excluding hospital stays for obstetrical reasons.
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Table 2
Association between hospital care for heavy menstrual bleeding and time since the last COVID-19 vaccine injection, overall and according to the type of last
vaccination.
Controls (N = 89,375) Cases (N = 4610) Crude OR [95% CI] Adjusted” OR [95% CI]
Overall
Unvaccinated 26,571 (29.7%) 1326 (28.8%) 1.0 [reference] 1.0 [reference]

Vaccinated (62,804 controls / 3284 cases)
Last injection within <1 month

Last injection within 1-3 months

Last injection within 3-6 months

Last injection within 6-9 months

Last injection within >9 months

11,273 (12.6%)
16,859 (18.9%)
22,506 (25.2%)
8643 (9.7%)
3523 (3.9%)

According to the type of last vaccination

Unvaccinated 26,571 (29.7%)

Vaccinated with a primary vaccination as last vaccination (41,405 controls / 2219 cases)
Last injection within <1 month 8536 (9.6%)

Last injection within 1-3 months 10,704 (12.0%)

Last injection within 3-6 months 13,543 (15.2%)

Last injection within 6-9 months 5099 (5.7%)

Last injection within >9 months 3523 (3.9%)

Vaccinated with a booster vaccination as last vaccination (21,399 controls / 1065 cases)
Last injection within <1 month 2737 (3.1%)

Last injection within 1-3 months 6155 (6.9%)

Last injection within 3-6 months 8963 (10.0%)

Last injection within 6-9 months 3544 (4.0%)

Last injection within >9 months 0

539 (11.7%)
940 (20.4%)
1152 (25.0%)
472 (10.2%)
181 (3.9%)

0.92 [0.83-1.03]
1.11 [1.00-1.22]
0.99 [0.90-1.09]
1.10 [0.96-1.25]
1.06 [0.88-1.26]

0.97 [0.86-1.09]
1.15 [1.04-1.28]
1.02 [0.92-1.13]
1.11 [0.97-1.27]
1.05 [0.88-1.27]

1326 (28.8%) 1.0 [reference] 1.0 [reference]
415 (9.0%)
617 (13.4%)
715 (15.5%)
291 (6.3%)
181 (3.9%)

0.96 [0.85-1.08]
1.17 [1.04-1.31]
1.03 [0.92-1.15]
1.12 [0.96-1.29]
0.98 [0.82-1.18]

0.99 [0.87-1.12]
1.20 [1.07-1.35]
1.05 [0.93-1.18]
1.10 [0.94-1.28]
1.00 [0.83-1.21]

124 (2.7%)
323 (7.0%)

0.86 [0.70-1.06]
1.02 [0.88-1.19]
437 (9.5%) 0.89 [0.78-1.03] 0.94 [0.81-1.09]
181 (3.9%) 0.94 [0.77-1.16] 1.05 [0.85-1.30]
0 _ _

0.93 [0.75-1.16]
1.07 [0.92-1.26]

OR: Odds-Ratio; CI: Confidence Interval.

" Conditional logistic regression adjusted for sociodemographic characteristics, healthcare use indicators, comorbidity and recent SARS-CoV-2 infection.

3.3. Characteristics of cases' hospital stay

Most cases (70.8% of unvaccinated cases and 78.3% of vaccinated
cases) did not stay at hospital overnight (eTable 4), while 6.0% and
2.5%, respectively, spent three or more nights in hospital. Among the
cases, 27.8% of the unvaccinated and 18.2% of the vaccinated women
were admitted to the emergency department, and 0.7% and 0.2%,
respectively, to an intensive care unit. Two women died within the 30
days following their hospital admission, one unvaccinated (a 42 years
old woman with traumatic uterine injuries and septic shock) and one
vaccinated (a 28 years old woman diagnosed with a colorectal cancer).

3.4. Association between COVID-19 vaccination and hospital care for
heavy menstrual bleeding

At the index date, cases were slightly more frequently vaccinated
against COVID-19 than controls (71.2% versus 70.3%), and among those
vaccinated the last vaccine received was more frequently a dose of
primary vaccination (67.6% versus 65.9%) and less frequently a booster
dose (32.4% versus 34.1%) (eTable 5). For both cases and controls, the
last vaccine received was almost exclusively an mRNA vaccine (Com-
irnaty: 75.9% and 74.9%; Spikevax: 23.8% and 24.8%, respectively),
administered 104 days earlier in median for both. Cases had more
frequently than controls received their last dose in the preceding 1 to 3
months (20.4% versus 18.9%) or 6 to 9 months (10.2% versus 9.7%).

In multivariable analysis, the risk of hospital care for heavy men-
strual bleeding was higher in women who had received a last dose of
vaccine (either primary vaccination or booster dose) in the preceding 1
to 3 months than in those unvaccinated (adjusted OR, 1.15 [95% CI,
1.04-1.28]), while the risk did not differ for women whose last vaccine
dose was administered in the preceding month (OR, 0.97 [95% CI,
0.86-1.09] or beyond 3 months earlier (OR ranging from 1.02 to 1.11)
(Table 2). Similar results were observed when considering women
whose last dose received was a dose of primary vaccination, among
whom the risk of hospital care for heavy menstrual bleeding was
increased between 1 and 3 months after this vaccination (OR, 1.20 [95%
CI, 1.07-1.35]), but not within one month (OR, 0.99 [95% CI,
0.87-1.12]) nor beyond 3 months after vaccination (OR ranging from

1.00 to 1.10). In contrast, the risk of hospital care for heavy menstrual
bleeding after a booster dose did not differ from that of unvaccinated
women, regardless of the time since last injection (OR ranging from 0.93
to 1.07).

The risk of heavy menstrual bleeding between 1 and 3 months after
primary vaccination was similar in women aged 15 to 34 years (OR, 1.22
[95% CI, 0.96-1.55]) and those aged 35 to 50 years (OR, 1.20 [95% CI,
1.05-1.38]) (Table 3 and eTable 6). In contrast, while the association
was marked among women residing in the most deprived municipalities
(OR, 1.28 [95% CI, 1.07-1.52], eTable 7) and among those who were
not using hormonal contraception (OR, 1.28 [95% CI, 1.11-1.48],
eTable 8), no significant association was found in women residing in
municipalities with a low deprivation index (OR, 1.15 [95% CI,
0.98-1.35]) and those using hormonal contraception (OR, 1.02 [95% CI,
0.82-1.271).

Sensitivity analyses did not substantially alter the associations be-
tween hospital care for heavy menstrual bleeding and primary vacci-
nation in the preceding 1 to 3 months (Table 4). The e-value was 1.69,
with a lower bound of the 95% confidence interval at 1.34.

Assuming a causal relationship, the estimated number of cases
attributable to primary vaccination in France between May 12, 2021 and
August 31, 2022 was 103 [54-196], corresponding to a rate of 7.9
[4.1-15.0] cases per million vaccinated women among the total
13,054,285 women aged 15 to 50 years vaccinated overall.

4. Discussion

In this case-control study based on data from the whole population of
women aged 15-50 years in France, we identified a moderately
increased risk (+20%) of heavy menstrual bleeding requiring hospital
care (mainly short, non-overnight hospital stays which did not require
transfusion or intensive care) within 1 to 3 months after primary
vaccination with a COVID-19 mRNA vaccine. It is estimated that this
increased risk translated into approximately 100 excess cases at the scale
of the 13 million women vaccinated in France between May 2021 and
August 2022. In contrast, no increased risk was identified beyond 3
months after primary vaccination nor following booster vaccination.

Post-vaccination menstrual disorders have been reported with other
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Association between hospital care for heavy menstrual bleeding and time since last COVID-19 vaccination' by age, social deprivation index and use of hormonal

contraception.*

9| For the sake of clarity, only results for primary vaccination as last COVID-19 vaccination are reported in this table. Complete results including those for booster vaccination as

last COVID-19 vaccination are presented as supplementary material (eTables 6-8).

Controls

Cases Crude OR
[95% CI]

Adjusted” OR
[95% CI]

By age

15-34 years (22,556 controls / 1117 cases)
Unvaccinated 7507 (33.3%)
Vaccinated with a primary vaccination as last vaccination
Last injection within <1 month 2031 (9.0%)
Last injection within 1-3 months 2416 (10.7%)
Last injection within 3-6 months 3391 (15.0%)
Last injection within 6-9 months 1708 (7.6%)
Last injection within >9 months 1148 (5.1%)

35-50 years (66,819 controls / 3493 cases)
Unvaccinated 19,064 (28.5%)
Vaccinated with a primary vaccination as last vaccination
Last injection within <1 month 6505 (9.7%)
Last injection within 1-3 months 8288 (12.4%)
Last injection within 3-6 months 10,152 (15.2%)
Last injection within 6-9 months 3391 (5.1%)
Last injection within >9 months 2375 (3.6%)

By social deprivation index

Low social deprivation index (47,918 controls / 2511 cases)
Unvaccinated 13,247 (27.6%)
Vaccinated with a primary vaccination as last vaccination
Last injection within <1 month 4598 (9.6%)
Last injection within 1-3 months 5859 (12.2%)
Last injection within 3-6 months 7488 (15.6%)
Last injection within 6-9 months 2957 (6.2%)
Last injection within >9 months 2046 (4.3%)

High social deprivation index (41,457 controls / 2099 cases)
Unvaccinated 13,324 (32.1%)
Vaccinated with a primary vaccination as last vaccination
Last injection within <1 month 3938 (9.5%)
Last injection within 1-3 months 4845 (11.7%)
Last injection within 3-6 months 6055 (14.6%)
Last injection within 6-9 months 2142 (5.2%)
Last injection within >9 months 1477 (3.6%)

374 (33.5%) 1.0 [reference] 1.0 [reference]
97 (8.7%)
139 (12.4%)
166 (14.9%)
95 (8.5%)
50 (4.5%)

0.99 [0.77-1.26]
1.15 [0.92-1.45]
0.94 [0.75-1.18]
1.08 [0.83-1.41]
0.84 [0.59-1.19]

1.07 [0.83-1.39]
1.22 [0.96-1.55]
0.97 [0.77-1.22]
1.07 [0.81-1.42]
0.87 [0.60-1.26]
952 (27.3%) 1.0 [reference] 1.0 [reference]
318 (9.1%)

478 (13.7%)
549 (15.7%)
196 (5.6%)

131 (3.8%)

0.95 [0.82-1.09]
1.18 [1.03-1.34]
1.06 [0.93-1.21]
1.12 [0.94-1.34]
1.04 [0.84-1.29]

0.97 [0.84-1.12]
1.20 [1.05-1.38]
1.08 [0.94-1.23]
1.11 [0.92-1.34]
1.06 [0.85-1.32]

683 (27.2%) 1.0 [reference] 1.0 [reference]
223 (8.9%)
333 (13.3%)
407 (16.2%)
186 (7.4%)
101 (4.0%)

0.92 [0.77-1.08]
1.10 [0.94-1.29]
1.03 [0.89-1.20]
1.21 [1.00-1.47]
0.92 [0.72-1.18]

0.94 [0.79-1.12]
1.15 [0.98-1.35]
1.07 [0.91-1.25]
1.24 [1.02-1.51]
0.94 [0.73-1.21]
643 (30.6%) 1.0 [reference] 1.0 [reference]
192 (9.1%)
284 (13.5%)
308 (14.7%)
105 (5.0%)
80 (3.8%)

1.01 [0.84-1.21]
1.25 [1.06-1.48]
1.03 [0.87-1.22]
0.97 [0.77-1.23]
1.06 [0.81-1.39]

1.05 [0.87-1.26]
1.28 [1.07-1.52]
1.03 [0.86-1.23]
0.93 [0.73-1.18]
1.09 [0.82-1.44]

Controls

Cases Crude OR
[95% CI]

Adjusted” OR
[95% CI]

By hormonal contraception use

No hormonal contraception (63,841 controls / 3078 cases)
Unvaccinated 20,626 (32.3%)
Vaccinated with a primary vaccination as last vaccination
Last injection within <1 month 5760 (9.0%)
Last injection within 1-3 months 7356 (11.5%)
Last injection within 3-6 months 9252 (14.5%)
Last injection within 6-9 months 3683 (5.8%)
Last injection within >9 months 2632 (4.1%)

Hormonal contraception (25,534 controls / 1532 cases)
Unvaccinated 5945 (23.3%)
Vaccinated with a primary vaccination as last vaccination
Last injection within <1 month 2776 (10.9%)
Last injection within 1-3 months 3348 (13.1%)
Last injection within 3-6 months 4291 (16.8%)
Last injection within 6-9 months 1416 (5.5%)
Last injection within >9 months 891 (3.5%)

923 (30.0%) 1.0 [reference] 1.0 [reference]
276 (9.0%)
410 (13.3%)
467 (15.2%)
202 (6.6%)
124 (4.0%)

1.07 [0.92-1.24]
1.30 [1.13-1.49]
1.15 [1.00-1.32]
1.23 [1.03-1.46]
1.05 [0.84-1.31]

1.05 [0.90-1.22]
1.28 [1.11-1.48]
1.11 [0.96-1.28]
1.17 [0.98-1.40]
1.02 [0.81-1.28]
403 (26.3%) 1.0 [reference] 1.0 [reference]
139 (9.1%)
207 (13.5%)
248 (16.2%)
89 (5.8%)
57 (3.7%)

0.75 [0.60-0.93]
0.90 [0.73-1.11]
0.78 [0.64-0.96]
0.85 [0.65-1.11]
0.80 [0.57-1.12]

0.87 [0.70-1.10]
1.02 [0.82-1.27]
0.90 [0.72-1.12]
0.93 [0.69-1.25]
0.94 [0.66-1.34]

OR: Odds-Ratio; CI: Confidence Interval.

" Conditional logistic regression adjusted for sociodemographic characteristics, healthcare use indicators, comorbidity and recent SARS-CoV-2 infection.

vaccinations [25-27]. While the mechanism is not fully understood,
different hypotheses involving the hypothalamic-pituitary-ovarian axis
have been proposed [28,29]. Besides, immune changes are known to be
implicated in some menstrual disturbances including heavy menstrual
bleeding [30]. Immune-mediated vaccine-induced thrombocytopenia
has also been proposed as a hypothesis [31], although thrombocyto-
penia was less frequently reported for mRNA-based compared to
adenoviral-based vaccines [32].

Our findings are consistent with most of previous published studies
suggesting a relatively modest association between COVID-19 vaccina-
tion and heavy menstrual bleeding, with a spontaneously reversible ef-
fect [3-5,9,13]. However, two large studies did not find any association
between COVID-19 vaccination and heavy menstrual bleeding [2,6].
The discrepancy between our findings and those of these two studies
may result from methodological differences. In the Swedish study by
Ljung et al [2], which did not provide evidence for increased healthcare
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Table 4
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Association between hospital care for heavy menstrual bleeding and primary vaccination as last vaccination in the preceding 1-3 months: Sensitivity analyses.

Controls

Cases Crude OR [95% CI] Adjusted” OR [95% CI]

Restriction of the study population
Exclusion of women aged 15-17 years (86,207 controls / 4484 cases)
Unvaccinated
Primary vaccination as last vaccination within 1-3 months
Exclusion of C2S beneficiaries (59,123 controls / 3611 cases)
Unvaccinated
Primary vaccination as last vaccination within 1-3 months

25,362 (29.4%)
10,356 (12.0%)

15,375 (26.0%)
7575 (12.8%)

1275 (28.4%)
600 (13.4%)

1.0 [reference]
1.20 [1.07-1.36]

1.0 [reference]
1.17 [1.04-1.31]

911 (25.2%)
515 (14.3%)

1.0 [reference]
1.18 [1.03-1.35]

1.0 [reference]
1.19 [1.04-1.36]

Exclusion of women with history of SARS-CoV-2 infection in the 2 months before index date (79,390 controls / 4312 cases)

Unvaccinated
Primary vaccination as last vaccination within 1-3 months

24,242 (30.5%)
10,037 (12.6%)

Restriction of cases' definition criteria

1247 (28.9%)
601 (13.9%)

1.0 [reference]
1.22 [1.08-1.38]

1.0 [reference]
1.19 [1.06-1.34]

Restriction to the most specific ICD-10 codes of heavy menstrual bleeding (75,896 controls / 3921 cases)

Unvaccinated
Primary vaccination as last vaccination within 1-3 months

22,381 (29.5%)
9129 (12.0%)

1.0 [reference]
1.19 [1.05-1.35]

1.0 [reference]
1.17 [1.03-1.32]

1137 (29.0%)
534 (13.6%)

Exclusion of cases with a history of heavy menstrual bleeding diagnosis in the preceding year (88,576 controls / 4571 cases)

Unvaccinated
Primary vaccination as last vaccination within 1-3 months

26,301 (29.7%)
10,608 (12.0%)

1308 (28.6%)
614 (13.4%)

1.0 [reference]
1.18 [1.05-1.32]

1.0 [reference]
1.21 [1.07-1.36]

Exclusion of cases with an identified cause of heavy menstrual bleeding (55,372 controls / 3067 cases)

Unvaccinated
Primary vaccination as last vaccination within 1-3 months

16,497 (29.8%)
6478 (11.7%)

870 (28.4%)
407 (13.3%)

1.0 [reference]
1.21 [1.05-1.40]

1.0 [reference]
1.24 [1.07-1.42]

OR: Odds-Ratio; CI: Confidence Interval.

* Conditional logistic regression adjusted for sociodemographic characteristics, healthcare use indicators, comorbidity and recent SARS-Cov-2 infection.

contacts for menstrual bleeding disorders after vaccination based on
Swedish general population registers, the risk period considered began
very early (as early as 8 days) after vaccination, which may have masked
a possible increase in risk occurring somewhat later. In contrast, in our
study the risk was increased in the second and third months after
vaccination, but not in the first month, probably reflecting the delay
between the onset of symptoms and their management in hospital.
Furthermore, >99% of menstrual bleeding disorders in the Swedish
study were from specialist outpatient care, for which the information
available did not make it possible to distinguish between visits moti-
vated by a disorder appeared after COVID-19 vaccination and those
scheduled for a longer time for an older problem, which may have led to
underestimate a potential increase in risk. In our study, only cases
requiring hospitalization were considered. Since time to care is probably
shorter for these severe cases than for outpatients, the risk underesti-
mation may be less acute. In the study by Alvergne et al [6], the delay
since COVID-19 vaccination was not accounted for, and menstrual
bleeding disorders were self-reported, which may have led to
misclassification.

The validity of cases identified based on hospital diagnoses is sup-
ported by our finding of an increased risk limited to women not using
hormonal contraception, i.e. those with spontaneous menstrual periods
rather than withdrawal bleeding, as well as the robustness of the results
to variations in case definition. However, considering only cases iden-
tified at hospital also has important consequences for the interpretation
of the results. First, this implies that while the most severe cases were
included, those for which an early outpatient management allowed
avoiding hospitalization were not accounted for, suggesting that the
overall frequency of heavy menstrual bleeding after COVID-19 vacci-
nation is likely to be underestimated. In addition, restriction to cases
identified at hospital may at least partly explain the absence of associ-
ation observed among women residing in the least socioeconomically
disadvantaged areas, among whom any problems of heavy menstrual
bleeding may more likely be managed on an outpatient basis without the
need for hospitalization.

This nationwide study benefited from the quality and comprehen-
siveness of the French National Health Data System. This allowed
considering all cases of heavy menstrual bleeding managed at hospital
which occurred throughout France during the 15-month period between
May 2021 and August 2022, i.e. when most people got vaccinated

against COVID-19. Furthermore, the completeness of the information
available regarding COVID-19 vaccination allowed an accurate identi-
fication of the type of vaccination (i.e., primary vaccination or booster
dose) and of its timing, both for cases and controls.

Despite these strengths, it should be noted that the magnitude of the
association between COVID-19 vaccination and heavy menstrual
bleeding estimated in this study should be interpreted with caution.
First, identifying diagnosis of heavy menstrual bleeding based on ICD-10
codes may have led to potential misclassification, and besides, we could
not ensure that women included as controls were free of heavy men-
strual bleeding if they were managed exclusively as outpatients; both
issues may have led to a reduction in the contrast between cases and
controls, resulting in a potential underestimation of the association.
Furthermore, residual confounding cannot be definitely excluded,
although we limited this risk by using adapted study design and statis-
tical methods. Indeed, case-control matching and multivariable model-
ling allowed accounting for differences in measurable individual
determinants of healthcare access and health status including age, so-
cioeconomic characteristics and comorbidities. In addition, sensitivity
analyses attested of the robustness of the results when excluding the
youngest women, those most socially disadvantaged or with a recent
history of SARS-CoV-2 infection. Nevertheless, since the estimated lower
bound of the e-value confidence interval was close to 1, it cannot be fully
excluded that unmeasured confounding explains the reported associa-
tion between COVID-19 vaccination and heavy menstrual bleeding.

In conclusion, this study provides further support for the existence of
an increased risk of heavy menstrual bleeding disorders following
COVID-19 vaccination with mRNA vaccines. More specifically, it sug-
gests that such an increased risk could occur during the three-month
period following primary vaccination. Meanwhile, the results show no
increase in the risk of heavy menstrual bleeding following booster doses.
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