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ABSTRACT

ARTICLE HISTORY

Objective: We conducted literature reviews to uncover differential effects of sex on sequelae from coronavirus disease 2019 (COVID-19) and on long COVID syndrome.
Methods: Two authors independently searched OvidSP in Embase, Medline, Biosis, and Derwent Drug
File. Publications reporting original, sex-disaggregated data for sequelae of COVID-19 (published before
August 2020) and long COVID syndrome (published before June 2021) were included in the reviews.
The association between COVID-19 sequelae (i.e. lasting <4 weeks after symptom onset) and sex, and
between long COVID syndrome (i.e. lasting >4 weeks after symptom onset) and sex, was determined
by odds ratio (OR) and 95% confidence interval (CI) (statistical significance defined by 95% CI not
including 1).
Results: Of 4346 publications identified, 23 and 12 met eligibility criteria for COVID-19 sequelae and
long COVID syndrome, respectively. COVID-19 sequelae in the categories of psychiatric/mood
(OR ¼ 1.80; 95% CI: 1.35–2.41), ENT (OR ¼ 1.42; 95% CI: 1.39–1.46), musculoskeletal (OR ¼ 1.15; 95%
CI: 1.14–1.16), and respiratory (OR ¼ 1.09; 95% CI: 1.08–1.11) were significantly more likely among
females (vs. males), whereas renal sequelae (OR ¼ 0.83; 95% CI: 0.75–0.93) were significantly more likely
among males. The likelihood of having long COVID syndrome was significantly greater among females
(OR ¼ 1.22; 95% CI: 1.13–1.32), with the odds of ENT (OR ¼ 2.28; 95% CI: 1.94–2.67), GI (OR ¼ 1.60;
95% CI: 1.04–2.44), psychiatric/mood (OR ¼ 1.58; 95% CI: 1.37–1.82), neurological (OR ¼ 1.30; 95%
CI: 1.03–1.63), dermatological (OR ¼ 1.29; 95% CI: 1.05–1.58), and other (OR ¼ 1.36; 95% CI: 1.25–1.49)
disorders significantly higher among females and the odds of endocrine (OR ¼ 0.75; 95% CI: 0.69–0.81)
and renal disorders (OR ¼ 0.74; 95% CI: 0.64–0.86) significantly higher among males.
Conclusions: Sex-disaggregated differences for COVID-19 sequelae and long COVID syndrome were
observed. Few COVID-19 studies report sex-disaggregated data, underscoring the need for further sexbased research/reporting of COVID-19 disease.
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Introduction
It is well-known that biological sex can influence risks and
vulnerability to diseases and their outcomes1, and betweensex differences have long been recognized in medical
research. In this regard, sex differences in outcomes and
sequelae were reported in previous coronavirus epidemics
(e.g. acute respiratory syndrome coronavirus [SARS-CoV],
Middle East respiratory syndrome coronavirus [MERSCoV])2–5. Sex has also been recognized as a determinant of
the progression and health outcomes of the coronavirus disease 2019 (COVID-19) infection caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)6. Early in
the COVID-19 pandemic, it was noted that severity of acute
illness, rates of intensive care admission, and COVID-19-
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related mortality were greater among male patients than
female patients7, whereas the opposite trend was observed
with long COVID syndrome, where females are more
often affected8.
After exposure to SARS-CoV-2, individuals can remain
asymptomatic or become ill with symptoms ranging from
mild and self-limited to severe, resulting in hospitalization,
intensive care unit stay, and even death. As the pandemic
evolved, it was noted that a portion of patients who survive
the acute stage of COVID-19 illness experience new or persistent symptoms, involving most organ systems, that can
linger for weeks to months9. Even SARS-CoV-2-infected
patients who experience only mild illness after exposure and
do not require hospitalization for management of their acute
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illness can suffer from sequelae of COVID-19 infection10–12.
Long COVID syndrome is characterized by a wide range of
acquired sequela/complications such as extreme fatigue, dyspnea, low mood, pulmonary fibrosis, post-viral or inflammatory myocarditis, sleep disturbance, memory impairment,
diabetes, chronic kidney disease, and a plethora of additional
symptoms and conditions13–16 that begin or persist beyond
4 weeks from the onset of acute COVID-19 symptoms12. The
cause(s) of long COVID syndrome remains unclear; some
researchers suggest the condition may develop as sustained
damage from the initial infection, while others believe it may
be the result of elevated autoantibodies in response to the
initial infection17. The theory that long COVID syndrome
could be related to an elevated immune response offers a
potential explanation for why it appears to be more common
in female patients, as research has shown females mount a
faster and more robust innate and adaptive immune
responses11–15. Sex differences in immune response have
also been reported in other viral and bacterial infections
with chronic sequelae, such as SARS CoV, MERS CoV, and
Lyme disease, as well as in numerous rheumatological
conditions18,19.
Knowledge about fundamental sex differences underpinning the clinical manifestations, disease progression, and
health outcomes of COVID-19 is crucial for the identification
and rational design of effective therapies and public health
interventions that are inclusive of and sensitive to the potential differential treatment needs of both sexes. Such evidence
will inform sex-based management of COVID-19 and long
COVID syndrome, and as such will optimize the probability
of successful outcomes for both males and females. In the
future, researchers should anticipate studying sex as a variable in infectious outbreaks to ensure optimal treatment of
both sexes. With this goal in mind, we conducted a literature
review to uncover insights into the differential effect of sex
on the sequelae of COVID-19 disease, long COVID syndrome,
and the variety of clinical presentations to identify information gaps where additional research and data are needed.

Methods
The study protocol for the literature review was registered
(July 2020) in PROSPERO: ID CRD42020190366. The protocol
was amended based on the rapidly evolving science around
COVID-19 infection, prompting us to redefine the research
questions, search strategy, and endpoints. Reporting of the
findings followed PRISMA guidelines20, as feasible, based on
the study protocol and results. The research question,
according to PICO criteria21, is presented in Supplemental
Content, Table S1.

Identification and selection of studies
The published medical literature was searched to identify
research studies of COVID-19 infection that included human
patients 18 years of age and older who had tested positive
for the presence of antigen or antibodies to SARS-CoV-2.
Endpoints of interest included sequelae of COVID-19 (defined

as COVID-related new condition or chronic symptom a
patient developed after the acute phase of the infection had
terminated, with the acute phase typically lasting no longer
than 4 weeks from the onset of COVID-19 symptoms) and
long COVID syndrome (defined by the persistence of symptoms, development of sequelae, and delayed or long-term
complications beyond 4 weeks from the onset of COVID19 symptoms12).
Studies identified by the searches were reviewed, according to a pre-specified checklist (provided in Supplemental
Content Table S2), for methodological validity prior to inclusion in the review.

Search strategy
This review considered published observational, case-control,
cohort, randomized controlled (RCT), and retrospective and
prospective real-world experience studies of COVID-19 infection that included at least 20 participants and reported complete data by sex (i.e. included total event counts by sex and
total counts of male and of female participants to allow calculation of prevalence rates).
Studies that reported data without sex disaggregation
and studies that reported data only in female patients or
only in male patients were excluded because they were
not applicable to the aim of the current investigation.
Conference abstracts, conference papers, conference reviews,
and case reports were also excluded, as were manuscripts
that were published in non-peer-reviewed scientific journals.
Publications were identified by searching electronic databases and scanning reference lists of selected articles. No
limits were applied based on language. The electronic database search was conducted on OvidSP in Embase (1974 to
present), Medline (1946 to present, including ePub/in press
and articles in press/in data review), Biosis (1993 to present),
and Derwent Drug File (1964 to present). Review articles
were excluded from the analysis, but the reference list of
selected review articles was reviewed to identify relevant primary publications.
With respect to sequelae of COVID-19 infection, articles
published or listed in pre-print services between 1 December
2019 and 31 July 2020 (inclusive) were eligible for inclusion
in this narrative review. As the pandemic evolved and the
risk of long COVID syndrome became clear, a second search
was conducted, from which articles published or listed in
pre-print servers between 31 December 2019 and 31 May
2021 (inclusive) were eligible for inclusion in this literature review.
The search strategy was developed in collaboration with
librarians/information
professionals
from
PharmIntell
Consulting, LCC (Branchburg, NJ). The following search terms
were used:
“coronavirus disease 2019”, “coronavirus-disease-2019”, “COVID19”, “COVID19”, “novel coronavirus 2019”, “novel coronavirus 19”,
“coronavirus disease 2019”, “coronavirus disease 19”, “coronavirus
2019”, “coronavirus 19”, COVID 2019”, “COVID 19”, “SARS-CoV-2”,
“SARS-COV2”, “SARSCOV2”, “SARSCOV-2”, “nCOV 2019”, “nCOV-19”,
“Severe Acute Respiratory Syndrome Coronavirus 2”, and “SARS
coronavirus 2”. In addition to these search terms, the following

CURRENT MEDICAL RESEARCH AND OPINION

terms were added to capture articles on long COVID syndrome:
“post-COVID”, “long COVID”, “long-hauler”, “COVID long-haul”,
“long haul COVID”, “long term COVID”, “post-acute sequelae”,
“chronic COVID”, “long-term sequelae”, “long term symptoms”,
“long term effect”, “ongoing symptomatic COVID”, “post-acute
viral syndrome”, “post-acute COVID”, “postviral syndrome”, “postviral syndrome”, “post-viral illness”, “postviral illness”, “post-viral
symptom”, “postviral symptom”, and “postviral fatigue syndrome”.

Study selection and data extraction
Authors screened the articles identified by the searches and
then performed a full text review (Full Text Screening Criteria
provided in Supplemental Content Table S2) of those that
appeared relevant to the research topic based on their title
and abstract. The studies were then assessed independently
by two reviewers for methodological validity prior to
inclusion in the review using a study-specific checklist.
Disagreements that arose between the reviewers were
resolved through discussion, and in the case of continued
disagreement, with assistance from a third reviewer.
Data on study characteristics (author, year, study design,
setting, time frame), population characteristics (age, sex,
comorbidities), clinical factors (definitions and measurement
methods), interventions, and outcomes were extracted.

Data analysis

Included

Screening

Iden

a

Sequelae of COVID-19 disease and long COVID syndrome
were grouped into categories using DistillerSR (Evidence

Records iden
om:
Databases (n=640,634)
Registers (n=0)

Partners, Ottawa, Canada). The nature of an association
between sequelae of COVID-19 disease and sex was determined by odds ratio (OR) and 95% confidence interval (CI).
Of note, 95% CIs that do not include 1 correspond to a
two-sided P-value that is less than 0.05 (i.e. statistical significance). CIs were presented rather than P-values as they
provide information on the direction and magnitude of the
effect. The between-sex difference on the acquisition of long
COVID syndrome and the varied clinical presentations were
also analyzed by OR and 95% CI.

Results
Of 4346 articles identified by literature searches and additional checks, 4311 were excluded based on not meeting all
the key inclusion criteria or all required data were not
reported. Of the remaining 35 articles, 23 reported data on
sequelae of COVID-19 infection22–44; 5 reported data on
counts of long COVID syndrome only45–49; 3 reported data
on only sequelae of long COVID syndrome13,50,51; and, 4
reported data on both sequelae of COVID-19 disease and
long COVID syndrome52–55 (Figure 1). The 35 articles
reported on studies that were conducted before COVID-19
vaccination was widely available; none reported the vaccination status of study participants. All 35 articles met the eligibility criteria and reported sex-disaggregated data. Assuming
that each participant in each of the articles is a unique individual, the total sample size is 1,393,355 (1.32 million
patients in 1 study40) Sequelae of COVID-19 disease and long

Records removed before screening:
Duplicate records (n=1,117)
Records marked as ineligible
by automa
ools (n=635,171)
Records removed for other
reasons (n=0)

Records screened
(n=4,346)

Records excluded (n=3,900)

Reports sought for
retrieval (n=446)

Reports not retrieved (n=329)

Reports assessed for
eligibility (n=117)

Reports included in
review (n=35)

Figure 1. Identification of studies for inclusion in literature review.
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Reports excluded:
Did not contain complete
data (n=65)
Sex-disaggregated data not
availabe for outcomes
of interest (n=17)
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Table 1. Sequelae of COVID-19 and Long COVID Syndrome by Category of Disorder.
Category
Sequelae of COVID-19
Cardiovascular

Long COVID Syndrome

Venous thromboembolism, disseminated intravascular
coagulation, deep vein thrombosis, pulmonary
embolism, myocarditis, myocardial injury

Dermatological
Ear, Nose, or Throat

Major adverse cardiovascular event (MACE), palpitations,
syncope, arrhythmia, myocardial ischemia,
inflammatory cardiac complication, pulmonary
embolism, deep vein thrombosis
Rash, dermatologic complications, hair loss
Loss of taste and/or smell, taste deficiency,
anosmia, dysgeusia
Diabetes
Upper or lower gastrointestinal symptoms,
diarrhea/vomiting
Hemorrhagic complications
Myalgia, joint pain, problems walking around (mobility)
Memory impairment, attention deficit, cognitive
impairment, confusion, headache, stroke, encephalitis,
Guillain Barre syndrome, polyneuropathy, dizziness
Anxiety, low mood, sleep disturbance, sleep difficulties,
delirium, depressive syndrome, and psychosis
Chronic kidney disease, acute renal failure
Breathlessness, cough, pleuritic chest pain, sore throat,
dyspnea, bacterial pneumonia, pleural effusion,
pneumothorax, difficulty swallowing
Fatigue or muscle weakness, chest pain, infective
complications (excluding pneumonia), rheumatologic
complications, fever, pain/discomfort, problems with
usual activity, problems with personal care,
decreased appetite

Loss or impaired sense of smell or taste, gustatory and/
or olfactory dysfunction, olfactory or taste disorder

Endocrine
Gastrointestinal

Liver injury (in critically ill and non-critically ill patients),
gastrointestinal symptoms
Thrombocytopenia
Myalgia
Large hemorrhage with herniation, other hemorrhages,
non-hemorrhagic changes on magnetic resonance
imaging, hemorrhagic form
Depression

Hematological
Musculoskeletal
Neurological
Psychiatric and Mood
Renal
Respiratory

Acute kidney injury
Pneumonia, acute respiratory distress syndrome,
unexpected postoperative ventilation, pulmonary
fibrosis, shortness of breath

Other

Notes: Sequelae is defined as new condition or chronic symptom a patient developed as a direct result of being infected with COVID-19 after the acute phase
of the infection had terminated, with the acute phase typically lasting no longer than 4 weeks from the onset of COVID-19 symptoms. Long COVID syndrome is
defined by the persistence of symptoms or development of sequelae and delayed or long-term complications beyond 4 weeks from the onset of acute symptoms of COVID-19.
Female Group

Male Group

n/N

1

n/N

1

OR [95% CI]

108/649

176/1135

1.09 [0.84, 1.41]

19818/676728

13455/648200

1.42 [1.39, 1.46]

Gastrointestinal

56/208

66/222

0.87 [0.57, 1.33]

Hematological2

11/126

21/145

0.56 [0.26, 1.22]

73137/674200

61949/646416

1.15 [1.14, 1.16]

Sequelae from COVID-19 by Category
Cardiovascular
Ear, Nose, Throat (sino-nasal & gustatory dysfunction)

Musculoskeletal
Neurological
Psychiatric and Mood2
Renal
Respiratory

14/28

56/112

1 [0.44, 2.29]

200/400

132/370

1.8 [1.35, 2.41]

773/2239

1330/3433

0.83 [0.75, 0.93]

56803/674676

50197/647004

1.09 [1.08, 1.11]
0

1

2

Greater odds for males

3

4

5

Greater odds for females

Figure 2. Forest plot of odds ratio for sequelae of COVID-19 between female and male patients22–44.
1. n ¼ number in group with the outcome; N ¼ total number in the group.
2. These categories represent only one kind of symptom/condition: Hematological (thrombocytopenia), Musculoskeletal (myalgia), Psychiatric and Mood (depression), Renal (acute kidney injury).
Notes: Sequelae is defined as new condition or chronic symptom a patient developed as a direct result of being infected with COVID-19 after the acute phase of
the infection had terminated, with the acute phase typically lasting no longer than 4 weeks from the onset of COVID-19 symptoms.
Outcomes within each category of sequela are listed in Table 1.
The size of the squares used for the point estimates is proportional to the weight.

COVID syndrome are listed by category of disorder in
Table 1.

Sex differences in sequelae of COVID-19 disease (<4
weeks after onset of symptoms)
In our review, female (versus male) patients were significantly
more likely to have sequelae of COVID-19 disease in the categories of psychiatric and mood (i.e. depression) (OR ¼ 1.80;
95% CI: 1.35–2.41), ear, nose or throat (ENT; OR ¼ 1.42; 95%
CI: 1.39–1.46), musculoskeletal (i.e. myalgia) (OR ¼ 1.15; 95%

CI: 1.14–1.16), and respiratory (OR ¼ 1.09; 95% CI: 1.08–1.11).
Male (versus female) patients were significantly more likely
to have sequelae in the category of renal disorders (i.e. acute
kidney injury) (OR ¼ 0.83; 95% CI: 0.75–0.93). Point estimates
of OR for cardiovascular sequelae favored female patients
and point estimates for gastrointestinal (GI) and hematological sequelae (i.e. thrombocytopenia) favored male
patients, although the 95% CI indicated the between-sex difference was not significant for these categories of sequelae
(Figure 2). The point estimate for OR indicates similar likelihood of neurological sequelae between sexes.
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Female Group
Sequelae from COVID-19 Syndrome by Category
Cardiovascular

Male Group

n/N

1

n/N

1

OR [95% CI]

1123/23883

1487/30232

0.95 [0.88, 1.03]

Dermatological2

214/1970

207/2397

1.29 [1.05, 1.58]

Ear, Nose, Throat (sino-nasal & gustatory dysfunction)

513/2826

250/2815

2.28 [1.94, 2.67]

892/21535

1434/26245

0.75 [0.69, 0.81]

46/1340

42/1927

1.6 [1.04, 2.44]

3/252

6/515

1.02 [0.25, 4.12]

Musculoskeletal

201/2806

203/3294

1.17 [0.96, 1.44]

Neurologocal

145/2818

165/4118

1.3 [1.03, 1.63]

Endocrine

3

Gastrointestinal
Hematological3

Psychiatric and Mood
Renal
Respiratory
2

Other

5

526/2062

459/2573

1.58 [1.37, 1.82]

274/21787

451/26760

0.74 [0.64, 0.86]

6483/23383

8188/29153

0.98 [0.95, 1.02]

1094/9203

1.36 [1.25, 1.49]

1142/7345

0

1

2

Greater odds for males

3

4

5

Greater odds for females

Figure 3. Forest Plot of Odds Ratio for Long COVID Syndrome Between Female and Male Patients
.
1. n ¼ number in group with the outcome; N ¼ total number in the group.
2. Venturelli and associates54 provided disaggregated data for dermatological complications and rheumatologic complications (the latter included in the category
of Other); the data were combined in their primary report.
3. These categories represent only one kind of symptom/condition: Endocrine (diabetes), Hematological (hemorrhagic complications).
Notes: Long COVID syndrome is defined by the persistence of symptoms or development of sequelae and delayed or long-term complications beyond 4 weeks
from the onset of acute symptoms of COVID-19.
Outcomes within each category of sequela are listed in Table 1.
The size of the squares used for the point estimates is proportional to the weight.
13,50–55

Female Group
Specific Other Condition
Chest pain

Male Group

n/N1
46/1088

n/N1
53/1412

OR [95% CI]
1.13 [0.76, 1.69]

69/836

69/897

1.08 [0.76, 1.53]

Fatigue

211/439

220/776

2.34 [1.83, 2.98]

Fatigue or muscle weakness

529/836

509/897

1.31 [1.08, 1.59]

9/298

9/603

2.06 [0.81, 5.23]
0.79 [0.33, 1.91]

Decreased appetite

Fever
Infective complications (excluding pneumonia)
Pain or discomfort
Problems with usual activity
Problems with washing or dressing (personal care)
Rheumatologic complications2

7/252

18/515

236/836

195/897

1.42 [1.14, 1.76]

16/836

9/897

1.93 [0.85, 4.38]

6/836

5/897

1.29 [0.39, 4.24]

11/252

7/515

3.31 [1.27, 8.65]
0

1

2

Greater odds for males

3

4

5

Greater odds for females

Figure 4. Forest Plot of Odds Ratio for Other Sequelae of Long COVID Syndrome Between Female and Male Patients
.
1. n ¼ number in group with the outcome; N ¼ total number in the group.
2. Rheumatologic complications includes data provided by Venturelli and associates54; the data were combined with dermatological complications in their primary report.
Notes: Long COVID syndrome is defined by the persistence of symptoms or development of sequelae and delayed or long-term complications beyond 4 weeks
from the onset of acute symptoms of COVID-19.
The size of the squares used for the point estimates is proportional to the weight.
50,51,53,54

Sex differences in long COVID syndrome (>4 weeks after
onset of symptoms)
In our review, the prevalence of long COVID syndrome varied
widely across studies, ranging from 9.0% to 81.6%. Overall,
the likelihood of having long COVID syndrome was significantly greater among female versus male patients (OR ¼
1.22; 95% CI: 1.13–1.32).
Figure 3 shows clinical variation in relation to long COVID
syndrome by sex. Among the clinical categories reported
for long COVID syndrome, ENT (OR ¼ 2.28; 95% CI: 1.94–2.67),
GI (OR ¼ 1.60; 95% CI: 1.04–2.44), psychiatric and mood (OR ¼
1.58; 95% CI: 1.37–1.82), neurological (OR ¼ 1.30; 95% CI:
1.03–1.63), dermatological (OR ¼ 1.29; 95% CI: 1.05–1.58), and
other (OR ¼ 1.36; 95% CI: 1.25–1.49) disorders were

significantly more likely among female patients as compared
to male patients, the latter driven in large part by differences
in rheumatological complications (OR ¼ 3.31; 95% CI:
1.27–8.65) and fatigue (OR ¼ 2.34; 95% CI: 1.83–2.98) (Figure
4). Point estimates for OR indicate higher odds of musculoskeletal (OR ¼ 1.17) complications of long COVID syndrome
among female patients, although the lower bound of the 95%
CI was less than 1 (Figure 3). In contrast, males were significantly more likely to have complications in the clinical categories of endocrine (i.e. diabetes) (OR ¼ 0.75; 95% CI: 0.69–0.81)
and renal disorders (OR ¼ 0.74; 95% CI: 0.64–0.86). The point
estimate for OR indicate similar likelihood of hematological (i.e.
hemorrhagic complications), respiratory, and cardiovascular
complications between sexes.
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Discussion
Sex differences in COVID-19 outcomes such as hospitalization, ICU admission, mechanical ventilation, and mortality
have been reported in numerous studies56,57, as have physiological differences between sexes in immune response58.
Despite these findings, the majority of COVID-19 studies in
the literature do not report disaggregated data to allow
meaningful characterization of the sex differences. To our
knowledge, this is one of few reviews conducted to characterize sex differences in early sequelae of COVID-19 disease
as well as long COVID syndrome.
Our review uncovered between-sex differences for some
of the early sequelae of COVID-19 infection and for long
COVID syndrome. In the early phase of illness, psychiatric/
mood, ENT, musculoskeletal, and respiratory sequelae were
significantly more likely in female patients, and renal sequelae were significantly more likely in male patients. Studies
published after the date cutoff for our narrative review have
reported similar findings. For example, in a study of patients
with mild-to-moderate COVID-19 illness, Lechien et al.59
observed that females were significantly more affected by
olfactory and gustatory dysfunctions than were males.
Similarly, Elibol60 reported that otolaryngological symptoms
(e.g. anosmia and dysgeusia) were more common in female
patients as compared to male patients. In a study of critically
ill patients with COVID-19, Toth-Manikowski et al.61 found
that males had a higher risk of severe acute kidney injury
(OR 1.92) than did the females.
Across the few studies that have reported sex-disaggregated data, we found that, overall, female patients were
more likely to experience long COVID-19 syndrome than
their male counterparts, a trend that was seen in all 9 studies
included in our review45–49,52–55. In patients who experienced
long COVID syndrome, ENT, GI, psychiatric/mood, dermatological, neurological, and other complications (primarily
rheumatological complications and fatigue) were significantly
more likely in female patients while endocrine and renal
complications were significantly more likely in male patients.
In line with our findings, other research groups reported that
risk of persistent symptoms is higher among female than
male patients previously hospitalized for COVID-19, with
female sex a predictor of chronic fatigue and symptoms of
mood/behavior disorders as well as symptoms of various
other disorders62,63.
Differences in immune system function between females
and males could be an important driver of sex differences in
long COVID-19 syndrome64,65. Females mount more rapid
and robust innate and adaptive immune responses, which
can protect them from initial infection and severity.
However, this same difference can render females more vulnerable to prolonged autoimmune-related diseases64,65.
Moreover, Stewart et al. hypothesized that sex hormone differences may also contribute to the asymmetry in risk and
outcomes between sexes, based on overlapping symptoms
of long COVID syndrome with those of perimenopause and
menopause66. Expanding beyond the biological basis, sex differences in outcomes have been reported during previous
coronavirus outbreaks2–5. Therefore, differences in outcomes

between females and males infected with SARS-CoV-2, as
reported herein, could have been anticipated. Unfortunately,
most studies did not evaluate or report granular data by sex,
which limited sex-specific clinical insights that may be
impacting treatment.

Limitations
Our findings are based on analyses of relatively small data
sets from the few published studies that reported sex-disaggregated outcome data during the first 18 months of the
COVID-19 pandemic. Our search for published papers that
reported sex-disaggregated data identified only 23 studies of
COVID-19 sequelae and 12 studies of long COVID syndrome.
Global tracking of COVID-19 by sex67 and ongoing studies of
long COVID syndrome [Supplemental Content Table S3]
should add to the evidence base. Other limitations of our
work include no reporting of data by gender. It is well
known that gender can also impact clinical outcomes, as we
have seen during the COVID-19 pandemic68. For example,
women are more likely to have higher exposures to the virus
in certain occupations such as nursing and education, which
can predispose them to higher incidence of the disease. In
addition, there may be disparities in access to care based on
gender that could affect the natural history of the disease,
leading to more complications and sequela. Gender is also
important in diagnosis of diseases, particularly in chronic
conditions where women are often diagnosed later than
men69. This is important for long COVID syndrome, as the
symptoms in women may be dismissed as being psychologically similar to the myalgic encephalomyelitis or chronic
fatigue syndrome observed in Lyme disease70.
Evidence from some, but not all, studies suggests that
individuals who receive COVID-19 vaccination and subsequently become infected with SARS-CoV-2 are less likely to
experience symptoms of long COVID syndrome than unvaccinated individuals71,72. The studies included in this review
were conducted before COVID-19 vaccination was widely
available, preventing us from assessing the impact of vaccination status on prevalence of long COVID syndrome by sex.

Implications for the future
The size of female cohorts and sex-disaggregated data analysis and reporting are insufficient in medical research73–76.
The lack of studies reporting sex-disaggregated outcomes for
COVID-1977 speaks to the need for further, large-scale
research that includes sex as an analytical variable and that
reports data by sex. In this regard, the United Nations has
issued an urgent global health mandate to characterize the
differential impact of sex on COVID-19 detection and clinical
management78. Devising basic research and clinical trial protocols using sex-specific methodologies, with a primary
objective of prospectively evaluating aspects of COVID-19 by
sex, will fill critical information gaps. A thorough understanding of how biological sex is influencing COVID-19 will have
important implications for clinical management and mitigation strategies for this disease.
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Conclusions
Our literature reviews of early, published research uncovered
differences between sexes on early sequelae of COVID-19
and on long COVID syndrome, suggesting the opportunity to
develop and implement prevention and treatment interventions tailored to each sex. In doing so, there is the potential
to reshape the natural history of COVID-19.
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