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Background: This 1-year cohort study aimed to track long COVID prevalence, identify associated risk factors, and assess its
association with hospitalization.

Methods: The GINA-COVID cohort study included 2698 COVID-19 patients from Spain, who reported persistent symptoms
spontaneously mentioned in an open questionnaire one year after infection. We recorded symptom onset, duration, and recovery
rates at 12 months. Hospitalization data were collected from the Catalan Health System. We performed descriptive statistics and
logistic regression models stratified by sex to identify factors associated with long COVID, using multiple imputation for missing
values and model selection via stepwise regression based on the Akaike Information Criterion.

Results: Significant sex differences appeared, with females showing a two-fold higher risk of developing long COVID compared to males
(OR=1.95; 95% CI, 1.68-2.29). Females reported higher prevalence and a greater number of persistent symptoms, with fatigue being the
most common in both sexes (36% in females, 26% in males at 3 months). The recovery rate at 12 months was lower in females (23% vs.
34%, p<0.001). Hypertension emerged as the most significant protective factor for long COVID in females (OR=0.64; 95% CI, 0.48-0.84),
whereas COVID-19 severity was the most influential risk factor in males (OR=2.34; 95% CI, 1.79-3.08). Despite these differences, the
trajectory of persistent symptoms over time was similar between the sexes. Importantly, long COVID did not increase hospital admissions.
Conclusion: Findings underscore the importance of sex-specific approaches in managing long COVID and suggest further investiga-
tion into hypertension’s protective role in females and disease severity’s impact in males.
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Introduction

Persistent health effects after the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection, also known
as post-coronavirus disease (COVID-19), long COVID, or as post-acute sequelae of SARS-CoV-2 infection, are a major
concern due to its high prevalence and substantial clinical and public health impact."* Almost 800 million cases of
COVID-19 have been reported to the World Health Organization (WHO)? and an alarming proportion of infected patients
have experienced symptoms after recovering from COVID-19,* with incidences above 10% up to 85%.°

This condition refers to a range of ongoing or new symptoms resulting from SARS-CoV-2 infection, which persist
usually for at least three months and can last for years.®” More than 200 symptoms have been identified and these can
affect multiple organ systems, including fatigue as the main symptom, and cognitive, respiratory and cardiovascular
dysfunctions, among other health issues.* ' Long COVID can occur in patients regardless of the severity of their initial
infection and can significantly impact patients’ quality of life.”!?

Serious uncertainty remains in defining long COVID,>” identifying its risk factors, and understanding the under-
lying pathophysiological mechanisms involved in this condition.'"'*> At present, there are no effective treatments or
reliable diagnostic biomarkers.">'%'> Moreover, the emergence of new variants continues to sustain high incidence and
prevalence rates,'* making research on long COVID a high priority for public health. Importantly, emerging data suggest
that biological sex plays a critical role in determining susceptibility to long COVID, with females generally showing
higher prevalence and symptom persistence."'*'> However, few large-scale studies have systematically explored these
sex-specific differences using a longitudinal approach. Understanding these disparities is essential to identify vulnerable
populations, develop tailored prevention and management strategies, and inform health policy.

This research aims to explore the trends in the prevalence of long COVID, the pattern of symptoms, and the impact of
risk factors one-year post SARS-CoV-2 infection, with a main focus on sex differences. By examining these patterns and
factors, we aim to gain insights into the disease’s causes and improve prevention and personalized treatment strategies.

Methods

Study Design and Participants

We used a cohort design with 1-year follow-up of COVID-19 patients (GINACOVID cohort) who tested positive for
SARS-CoV-2 [reverse transcription polymerase chain reaction (RT-PCR), rapid antigen, or IgG test results] between
February 2020 and December 2021. Recruitment was conducted across both hospital and primary care settings
(Barcelona’s Hospital del Mar, Girona’s Hospital Dr. Josep Trueta, Vic’s Hospital Consortium, and in primary health
centers in Girona province), with approximately half of the participants recruited from each. This approach ensured
representation of a broad spectrum of disease severity, although the inclusion of hospital-based participants may have
increased the proportion of severe COVID-19 cases, while most primary care participants experienced non-severe
infections. Participants were excluded if their SARS-CoV-2 positive tests were not confirmed, they were beyond the
age range of 35 to 84 years (this group was the most affected by COVID-19 infection during the study period), they
lacked clinical records available in the Catalan health care system (which offers universal coverage), they had been
vaccinated against COVID-19 before diagnosis, or if they did not take part in the 1-year follow-up. A total of 2698
patients were finally considered for the analysis.

Data Collection

Data on age, sex, height, weight, and blood pressure were collected during hospitalization or at outpatient clinic at
inclusion. Clinical data prior to the SARS-CoV-2 infection were collected from electronic medical records, including the
history of smoking, hypertension, dyslipidemia, diabetes, coronary artery disease (CAD), stroke, thromboembolism,
chronic obstructive pulmonary disease, immune disease, and neoplasia. Additionally, the most recent glycemia, lipid
profile, and creatinine values before the COVID-19 diagnosis were collected from these electronic medical records. Ten-
year CAD risk was estimated using the REGICOR risk function.'® Patients hospitalized and receiving oxygen therapy,

those diagnosed with severe pneumonia, those needing mechanical ventilation, and those with blood oxygen saturation
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levels of <93% or a PaO2/FiO2 ratio of less than 300 mmHg, along with infiltrates in more than 50% of their lung fields,
were classified as severe COVID-19 cases.'’

Hospital Admissions

Data was linked to the Health Research and Innovation Data Analysis Programme (PADRIS), of the Health Department
of the Government of Catalonia (the Catalan Health Surveillance System) to obtain information on hospital admissions.
PADRIS provides health data to the scientific community to promote health research, innovation, and evaluation by
allowing access to health data generated by Catalonia’s public healthcare system and collected at individual levels.
Hospital admission was recorded as a binary variable (yes/no), and the number of admissions within 24 months following
the COVID-19 diagnosis was used to evaluate the relationship between hospitalizations and long COVID. In patients
with severe COVID-19 that required hospitalization, the admission corresponding to COVID-19 diagnosis was not
considered.

Follow-Up and Long COVID Diagnosis

According to WHO definition, participants with presence of at least one persistent symptom related to COVID-19
infection for at least three months post-infection were considered long COVID cases.® Persistent symptoms were those
that had either begun or significantly worsened after the infection, without any other attributable cause.

One year after the COVID-19 acute phase, or after discharge in hospitalized patients, participants were asked about
the presence of any symptom (present before COVID-19 diagnosis, during COVID-19 infection or after the infection).
For symptoms present after the infection, participants were asked about the duration of them, categorized as less than 3
months, up to 3 months, 6 months, 9 months, or 12 months or longer.

All interviews were conducted by trained nurses and physicians following a standardized protocol. In each participat-
ing center, the same interviewer performed all follow-up assessments to ensure consistency in data collection and
interpretation. All interviewers were trained by the same senior trainer to harmonize procedures across sites. The
questionnaire was administered by these trained professionals, who recorded the reported symptom(s) using
a standardized list of the 24 most common long COVID symptoms (>10% of prevalence) described in a meta-analysis
by Lopez-Leon et al in 2021'® (Figures S2 and S3). The selection of these symptoms was also supported by the WHO
and other studies.®'**° These symptoms were classified as systemic (fatigue, fever, digestive disorder, hair loss, skin
disorder, sweating, nausea, weight loss), respiratory or cardiovascular (cough, dyspnea, palpitations, chest pain, poly-
pnea), muscle-skeletal symptoms (myalgia and arthralgia), and neuropsychiatric (memory loss, headache, other pain,
dysgeusia, hyposmia, anosmia, hearing loss, anxiety and depression, and sleep disorder). The trained personnel recorded,
in an open questionnaire, only the symptoms spontaneously mentioned by the participants and did not ask about each
symptom individually from the questionnaire. The questionnaire also allowed for the inclusion of any additional
symptoms not listed among the 24.

We also assessed the duration of long COVID (considering the longest duration of any persistent symptom
experienced), the number of symptoms for each patient (for a quantitative long COVID phenotype), and recovery rate
at 12 months. The recovery rate was the percentage of patients who had symptoms three months after their initial
COVID-19 infection but no longer had symptoms after twelve months, and was calculated by dividing the number of
patients who recovered by the total number of long COVID patients at three months. We also considered the existence of
each symptom prior to, during, or after the COVID-19 infection. Then, for each symptom, we examined the percentage
of individuals who already experienced the symptom during the COVID-19 infection compared to the percentage who
developed the symptom after the infection (onset of the symptom).

Statistical Analysis

Prevalence at each point of time assessed during the first year of each persistent symptom related to COVID-19 infection
and type of symptom was reported. Recovery rate at 12 months and onset (during or after COVID-19 illness) of each
symptom was also described.
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Demographic, anthropometric, cardiovascular risk factors and other characteristics were reported as frequencies for
categorical variables and as means and standard deviation or median and quartiles for continuous normally and non-
normally distributed variables, respectively. Means and medians were compared between males and females, and
between individuals with and without long COVID stratified by sex, by Student’s #-test or Mann—Whitney tests,
respectively, and frequencies by Chi-square test.

Characteristics were also reported according to long COVID recovery at 12 months and according to the number of
symptoms and a p-values for trend was calculated.

The association of all characteristics with the diagnosis of long COVID was examined through a logistic regression
model, where the impact of these factors was represented as odds ratios with 95% confidence intervals. For variable
selection, both statistical and medical criteria were used. A backward stepwise selection process based on the Akaike
Information Criterion (AIC) was used to determine the variables included in the final models. Given the observed interaction
between sex and some characteristics, and long COVID diagnosis, a logistic regression model for each sex was fitted. Prior to
conducting backward stepwise regression, multiple imputation of missing values was done with the Predictive Mean
Matching method to ensure a complete dataset. Selected models were then applied to the original dataset.

Non-linear age patterns were assessed using natural splines with 4 degrees of freedom, and model fit was compared
using AIC.

Statistical significance was assumed when p-values were <0.05. All analyses were performed using R Statistical
Software (v4.3.2; R Core Team 2023).

Ethical Considerations

This study complied with the Declaration of Helsinki for medical research involving human subjects. All participants
were fully informed and gave their informed consent (written or oral with the presence of witnesses) to participate in the
study, which was approved by the Ethics Committees of Parc de Salut Mar (#2020/9297/1 and #2020/9650/1), Hospital
Universitari Dr. Josep Trueta (#2020/058), Foundation University Institute for Primary Health Care Research Jordi Gol
i Gurina (IDIAPJGol) (#2021/084-PCV), and Fundacio d’Osona per a la Recerca i I’Educacio Sanitaries (FORES) (#
2020152/PR283). The study adhered to all international regulations for biomedical research.

Results

Participants’ Characteristics

The analysis included a total of 2698 participants (of whom 54% were females), who met the study criteria and

completed the 1-year follow-up questionnaire. Among them, more than half of the participants (1531 participants,

of whom 62% were females) reported persistent symptoms and were classified as long COVID cases (Figure 1).
Baseline characteristics of the study population are summarized in Table 1 (columns 2-3). Females and males differed

in almost all characteristics assessed.

Long COVID Prevalences and Recovery Rates

A 57% (N=1532) of the study population reported persistent symptoms at 3 months and 41% (N=1107) at 1 year
(recovery rate of 27.5%). Among females, 22% (N=310) had suffered a severe COVID-19 infection, and 64% (N=944)
of them developed long COVID [36% (N=432) and 48% (N=588) among males, respectively]. At 12 months, a greater
percentage of males had recovered compared to females, with recovery rates of 34% (N=200) for males versus 23% for
females (N=221). (Tables 1, columns 2-3, and S1). Overall, females had a 2-fold higher risk of developing long COVID
compared to males (OR=1.95; 95% CI, 1.68-2.29). Moreover, among those with long COVID, females had less
probability to recover at 12 months (OR=0.59; 95% CI, 0.47-0.74).

Sex-Specific Determinants of Long COVID and of Long COVID Recovery
Subsequent analyses were conducted separately for each sex, and also after confirming the interaction of sex with some
of the characteristics (hypertension and COVID-19 severity) in the association with long COVID in multivariate logistic
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Candidate COVID-19 patients
(n=3,073)
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Y
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(n=335)

\ 4
Patients Included
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y Y
1167 WITHOUT long COVID 1531 WITH long COVID
* 524 females ¢ 944 females
* 643 males « 587 males

Figure | Flow diagram of patients included in the analysis.

regression models (p-value=0.019 and 0.002, respectively). In the sex-specific bivariate analysis (Table 1, columns 4-7),
only a small number of characteristics continued showing a significant association with long COVID when compared to
the analysis not differentiated by sex (Table S2). Females with long COVID were younger and less likely to have
hypertension, while males were also younger and more likely to have had a severe COVID-19 illness in comparison with
those without long COVID. Non-linear age patterns were examined, but no statistically significant results were identified.
Males with long COVID also had higher levels of total and LDL cholesterol, and higher glomerular filtration rate.

Multivariable logistic regression models are shown in Figure 2. Among females (Figure 2a), baseline hypertension
(OR=0.64; 95% CI, 0.48-0.84) was the only factor significantly associated to long COVID. In males (Figure 2b)
COVID-19 severity (OR=2.34; 95% CI, 1.79-3.08) and baseline BMI (per 10 kg/m2 increase) (OR_1.36; 95% CI,
1.01-1.84) were risk factors for developing long COVID, while age (OR(:10y1=0.89; 95% CI, 0.79-0.99) was also
significant as a protective factor.

For both males and females with long COVID, those who recovered from the persistent symptoms, exhibited lower
rates of severe COVID-19 (Table 2). No other factors were associated with recovery, except for history of thrombosis in
females, which was only present in long COVID females who did not recover.

Females reported a greater number of persistent symptoms than males (Figure S1 and Table S3). Among females,

when comparing the characteristics according to the number of persistent symptoms they experienced at three months,
hypertension and age confirmed a significant trend, being females younger and with lower rates of hypertension as more
symptoms reported. Additionally, a greater number of symptoms were also associated with COVID-19 severity and
higher glomerular filtration rate. For males, the same characteristics that were identified as related in Table 1 also
exhibited a significant pattern of association with an increasing number of persistent symptoms. Prevalence of history of
COPD and obesity also increased with the number of symptoms reported (Table S3).
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Table | Demographic Profile, Anthropometry, Cardiovascular Risk and Medical History in COVID-19 Positive Patients, Stratified by Sex and by Presence of Long COVID

Females Males p-value Females Males
Non-Long COVID Long COVID p-value Non-Long COVID Long COVID p-value
N=1468 N=1230 N=524 N=944 N=643 N=587

Age, years * 57 (12) 59 (12) <0.001 58 (13) 56 (12) 0.007 60 (13) 58 (12) 0.005
Coronary artery disease risk, % * 25 (22 4.5 (3.0 <0.001 2.6 (2.4) 2.5 (2.0) 0.239 4.5 (2.9) 45 (3.1) 0.885
Current Smoker 115 (7.9%) 135 (11%) 0.005 49 (9.4%) 66 (7.0%) 0.114 79 (12%) 56 (10%) 0.152
Diabetes Mellitus 144 (10%) 195 (16%) <0.001 49 (9.3%) 95 (10%) 0.728 112 (17%) 83 (14%) 0.132
Hypertension 393 (27%) 474 (39%) <0.001 169 (32%) 224 (24%) 0.001 252 (39%) 222 (38%) 0.648
Systolic blood pressure, mmHg * 127 (17) 133 (l6) <0.001 127 (18) 126 (17) 0.461 132 (l6) 133 (17) 0.204
Diastolic blood pressure, mmHg * 76 (11) 79 (10) <0.001 76 (11) 76 (11) 0.471 78 (10) 79 (10) 0.183
Glycemia, mg/dL (median [IQR]) 92 [85;101] 96 [88;110] <0.001 92 [85;101] 91 [84;100] 0.302 97 [88;110] 96 [88;109] 0.514
Total cholesterol, mg/dL? 203 (39) 193 (44) <0.001 203 (38) 204 (39) 0917 190 (43) 197 (45) 0.015
HDL cholesterol, mg/dL * 62 (16) 50 (13) <0.001 62 (16) 61 (15) 0.209 50 (14) 50 (13) 0.936
LDL cholesterol, mg/dL * 123 (34) 120 (37) 0.041 122 (33) 124 (35) 0.434 117 (37) 124 (36) 0.004
Triglycerides, mg/dL (median [IQR]) 99 [71;139] 118 [84;167] <0.001 98 [68;136] 99 [71;142] 0.370 118 [81;168] 119 [88;166] 0.260
Glomerular filtration rate, mL/min/1,73m? 96 (25) 92 (25) <0.001 95 (26) 97 (25) 0.195 91 (24) 94 (26) 0.040
Body mass index, kg/m* 28 (5.8) 28 (4.3) 0.300 28 (5.9) 28 (5.8) 0.399 28 (4.0) 28 (4.6) 0.011
Obesity (BMI = 30 kg/m2) 468 (33%) 314 (26%) <0.001 162 (32%) 306 (33%) 0.713 148 (24%) 166 (29%) 0.062
History of coronary artery disease 21 (1.4%) 76 (6.2%) <0.001 12 (2.3%) 9 (1.0%) 0.066 46 (7.2%) 30 (5.1%) 0.169
History of stroke 22 (1.5%) 35 (2.9%) 0.021 7 (1.3%) 15 (1.6%) 0.872 24 (3.8%) 11 (1.9%) 0.073
History of thrombosis 26 (1.7%) 25 (2.0%) 0.625 9 (1.7%) 17 (1.7%) 1.000 12 (1.9%) 13 (2.2%) 0.821
History of neoplasia 125 (8.5%) 117 (9.5%) 0.400 46 (8.8%) 79 (8.4%) 0.863 64 (10.0%) 53 (9.0%) 0.643
History of immune disease 139 (9.5%) 87 (7.1%) 0.031 46 (8.8%) 93 (9.9%) 0.570 45 (7.0%) 42 (7.1%) 1.000
History of COPD 14 (1.0%) 40 (3.3%) 0.001 6 (1.2%) 8 (0.9%) 0.584 16 (2.5%) 24 (4.1%) 0.157
Severe COVID-19 310 (22%) 432 (36%) <0.001 103 (20%) 207 (23%) 0.299 172 (28%) 260 (46%) <0.001
Long COVID (at least | symptom >3months) 944 (64%) 588 (48%) <0.001 - - - - - -

Long COVID recovery (0 symptoms at |2m) ° 221 (23%) 200 (34%) <0.001 - - - - - -

Notes: *Mean (standard deviation). ®Percentage relative to the group of patients with Long COVID.
Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; COVID-19, coronavirus disease; HDL, high-density lipoprotein; IQR, inter-quartile range; LDL, low-density lipoprotein.

|€ 32 |0J24pag-ZRJBAlY



Alvarez-Pedrerol et al

a) Females

Severe COVID-19 @
HDL (+10mg/dL) ——
Age (+10yr) ——
Current smoker @
Hypertension —.—
History of CAD @
0.5 1.0 1.5
Odds Ratio
b) Males
Severe COVID-19 \ 4
BMI (+10kg/m2) —0—
LDL (+10mg/dL) ®
Age (+10yr) -.-
History of stroke @
1 2 3
Odds Ratio

Figure 2 Forest plots of Odds Ratio for Long COVID, from multivariate logistic regression models, stratified by sex, females (a) and males (b). *p-value<0.05,
*¥p-value<0.01, ***p-value<0.001.

Hospital Admissions

There were no differences in hospital admissions (yes/no and number of admissions) within 24 months of COVID-19
diagnosis, between individuals with and without long COVID, regardless of sex. Among females with long COVID, 46%
had at least one hospital admission compared to 44% of those without (similarly in males, 45% and 48%, respectively).
Multivariate logistic regression models adjusted for COVID-19 severity, also showed no association between admissions
(yes/no) and long COVID (OR=1.09 (95% CI, 0.88-1.37)) in females and OR=0.85 (95% CI, 0.67—1.09) in males.

Persistent Symptoms Prevalences and Patterns

The prevalence of the 24 identified persistent symptoms slightly declined over time (Figure 3 and Table S1), but many
symptoms remained significant even after one year. Females showed a higher prevalence of all symptoms at all time
intervals, though the time pattern was similar for both sexes, with fatigue being the most prevalent symptom. In
females, the prevalence of fatigue was 36% at 3 months and 24% at 12 months (34% of recovery rate), and among the
36% of females who experienced persistent fatigue, 90% began experiencing it during their COVID-19 infection.
A similar pattern was found with dyspnea, (the third most prevalent symptom in females and second in males), which
was also mainly experienced during the infection and with a recovery rate of 30% in females. In contrast, memory loss,
the second most common symptom in females (and third in males), had a recovery rate of just 18% at 12 months, and
mainly appeared after the infection (Table S1). Hair loss, which was significantly more common in females than in
males (15% versus 2.5% at 3 months), showed the highest recovery rate in both females and male (66% and 72%,
respectively).

When categorized by symptom type (Figure 4 and Table S1), systemic symptoms, predominantly driven by fatigue,
were the most prevalent. The prevalence of all symptom types decreased over time, with systemic symptoms showing the
greatest decline. Neuro-psychiatric symptoms, however, experienced a slightly smaller reduction in female. Also, 60,2%
(N=260) of males with severe COVID-19 develop long COVID, and 66,8% (N=207) of females, respectively.
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Table 2 Demographic Profile, Anthropometry and Cardiovascular Risk Prevalence in Patients with Long COVID According to
Recovery from the Long COVID at |12 months, Stratified by Sex

Females with Long COVID Males with Long COVID
Not Recovered Recovered p-value | Not Recovered Recovered p-value
N=724 (77%) N=220 (23%) N=386 (66%) N=201 (34%)
Age, years ? 56 (12) 57 (12) 0.242 59 (12) 57 (12) 0.045
Coronary artery disease risk, % * 2.5 (2.1) 2.5 (2.0) 0.888 4.5 (3.0 43 (3.2) 0.396
Current Smoker 51 (7.1%) 15 (6.9%) 1.000 35 (9.1%) 21 (11%) 0.667
Diabetes Mellitus 71 (9.8%) 24 (11%) 0.728 55 (14%) 28 (14%) 1.000
Hypertension 173 (24%) 51 (23%) 0.899 155 (40%) 67 (33%) 0.127
Systolic blood pressure, mmHg * 127 (17) 125 (15) 0.137 133 (17) 133 (16) 0.871
Diastolic blood pressure, mmHg * 76 (11) 75 (10) 0.179 79 (1) 79 (9.0) 0.902
Glycemia, mg/dL (median [IQR]) 92 [85;100] 91 [84;99] 0.290 96 [89;110] 94 [87;108] 0.095
Total cholesterol, mg/dL* 205 (39) 200 (37) 0.126 197 (44) 196 (46) 0.907
HDL cholesterol, mg/dL * 61 (15) 63 (17) 0.130 49 (12) 51 (15) 0.086
LDL cholesterol, mg/dL * 125 (35) 121 (33) 0.170 124 (36) 123 (37) 0.829
Triglycerides, mg/dL (median [IQR]) 100 [72;143] 95 [68;137] 0.251 120 [91;174] |16 [84;156] 0.228
Glomerular filtration rate, mL/min/|,73m?* * 98 (25) 95 (22.7) 0.076 93 (25) 95 (28) 0413
Body mass index, kg/m? ® 28 (5.8) 28 (5.9) 0.180 29 (4.7) 28 (4.3) 0.262
Obesity (BMI = 30 kg/m2) 237 (34%) 69 (32%) 0.716 116 (30%) 50 (26%) 0.390
History of coronary artery disease 5 (0.7%) 4 (1.8%) 0.226 20 (5.2%) 10 (5.0%) 1.000
History of stroke 13 (1.8%) 2 (0.9%) 0.541 9 (2.3%) 2 (1.0%) 0.346
History of thrombosis 17 (2.2%) 0 (0%) 0.031 8 (2.1%) 5 (2.5%) 0.772
History of neoplasia 63 (8.7%) 16 (7.3%) 0.595 36 (9.3%) 17 (8.5%) 0.844
History of immune disease 73 (10%) 20 (9.1%) 0.762 28 (7.3%) 14 (7.0%) 1.000
History of COPD 6 (0.8%) 2 (0.9%) 1.000 16 (4.2%) 8 (4.0%) 1.000
Severe COVID-19 177 (25%) 30 (14%) 0.001 184 (50%) 76 (39%) 0.010

Note: *Mean (standard deviation).
Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; COVID-19, coronavirus disease; HDL, high-density lipoprotein; IQR, inter-quartile
range; LDL, low-density lipoprotein.

Discussion

In this one-year cohort study, 57% of COVID-19 patients reported persistent symptoms at three months, and 41%
continued to experience symptoms after one year. Females had twice the risk of developing long COVID compared to
males (p-value <0.001) and were less likely to recover at 12 months (p-value <0.001). Risk factors associated to long
COVID also differed between sexes highlighting the importance of sex-specific strategies for identifying and managing
long COVID.

The incidence of long COVID in the present analysis was high, but similar to that reported in other studies.*'*'>*!
O’Mahoney et al reported persistent symptoms in approximately 40% of previously infected individuals.* Likewise, Li
et al described sex-specific immune and inflammatory responses that may underlie this disparity.'® Other European
cohorts, such as Moreno-Pérez et al identified disease severity as a strong predictor;>’ and Bai et al, also found
a predominance of long COVID symptoms in females.'> Together, these studies support our findings and reinforce the
need for sex-stratified analyses to better understand biological and clinical mechanisms associated with long COVID.
However, our results may be biased by the inclusion of many severe COVID-19 patients due to the recruitment at
hospitals.”? Additionally, vaccinated patients were not included in the study, and it is known that vaccination before
infection significantly decreases the risk of long COVID.*

Sex was identified as the key factor influencing the progression to long COVID, with females being more susceptible
to developing long COVID, and less likely to recover from it. Studies have consistently shown that females are more

D, 15,22,24-28

likely to experience long COVI on the contrary, risk of severity and mortality of COVID-19 is higher in

males.”” ' Although the contribution of sex as a biological variable in long COVID pathology is still unclear, research

8 https: International Journal of Women’s Health 2026:18



Alvarez-Pedrerol et al

Female Male
404
Symptom
351 —o— Anosmia
g ~&- Anxiety/depression
Q
y Arthralgia
£ 30
D] Cough
©
3 Dysgeusia
(o} g
15} 25
- ~o- Dyspnea
c
% ~o- Fatigue
‘@ 201 .
> ¢~ Hair loss
Q
— ~#- Headache
S 154
R —e— Memory loss
]
g -o— Myalgia
% 101 —e— Other symptoms
>
o -~ Palpitations
o
54 ~e— Skin disorder
.

Sleep disorder

Time after SARS-CoV-2 infection

Figure 3 Persistent COVID-19 symptoms prevalence according to duration of symptoms in COVID-19 patients stratified by sex. Panels ordered by frequency. *Symptoms
with a duration less than 3 months are not considered persistent symptoms.

Female Male

454

S
o

w
a

Symptoms

—o~ Musculo-skeletal

Neurological
Respiratory or cardiovascular

-o— Systemic

N N w
o (3] =3

Prevalence % of persistent Covid Symptom

/

5 P
0 P
s o ) ) 4 ) ) o )
PO & & o & PO & & & &
& S N & QS & N N N &
O o (9 S
&S & & & & & ¢ & < < <
o ES > © D) v 3 g > o D) v
£° (g
F <

Time after SARS-CoV-2 infection

Figure 4 Persistent COVID-19 symptoms prevalence (grouped by type of symptoms and according to duration) in COVID-19 stratified by sex. *Symptoms with a duration
less than 3 months are not considered persistent symptoms.

International Journal of Women’s Health 2026:18 https: 9



Alvarez-Pedrerol et al

indicates that these differences may be linked to immune system functioning. Females generally have stronger and faster
immune responses than males,>* which is effective for resolving the infection; however, if the response is prolonged this
can lead to chronic or inflammatory conditions® potentially contributing to long COVID, as observed in other infections
with chronic sequelae (ie. those caused by Epstein-Barr or cytomegalovirus),®" or to the development of autoimmunity.**
Presence of autoantibodies has been related to long COVID, although its clinical relevance is unclear.>> >’ Hormone
interaction with immune system’® may play a role in this sex disparity. Testosterone has an immunosuppressive effect
that can weaken the immune response to initial viral infections and contribute to more severe outcomes in acute COVID-
19 but protects against autoimmunity.*® In contrast, estrogen usually enhances immune activity, which decreases the viral
load and the presence of severe symptoms in early stages but can result in prolonged immune activation.*® Silva et al*®
observed that higher testosterone levels were negatively associated with long COVID in either sex, supporting the
hypothesis of an immunoendocrine dysregulation in sex-specific differences in the pathology of long COVID. However,
other mechanisms different to sex hormones regulation may play a role in the long COVID sex bias, such as X-linked

genetic mechanisms>>**

or lifestyle and differences in health conditions. It is important to consider that there might also
be differences related to gender in the impact of these symptoms on the patient’s quality of life, and therefore in the
perception and reporting of these symptoms.*'

This study not only identifies being female as a significant risk factor for long COVID, but also emphasizes the
importance of stratifying studies by sex to better comprehend the physiopathology of the disease and to identify the sex-
specific risk factors and therapeutic targets, optimizing the management of the condition and providing targeted
prevention and care to the most vulnerable and affected.”* Despite sex differences in the prevalence and patterns of
long COVID have been reported in many studies, few studies have reported sex-stratified data.*** This issue can result
in biased results, and limited sex-specific strategies for clinical management that may impact the outcomes.>!

In this research, analyses were stratified by sex, and females showed a higher prevalence of all symptoms, especially
systemic and neuropsychiatric symptoms. Females also reported higher number of symptoms than males and lower
recovery rates. Risk factors associated to long COVID also differed by sex. The most notable findings were the
identification of hypertension as a protective factor of developing long COVID in females, and the severity of acute
COVID-19 infection as a risk factor, exclusively in males. However, severity was associated with lower recovery rate at
12 months and number of persistent symptoms at 3 months in both males and females. Hypertension has been
consistently reported as a risk factor for poor prognosis in COVID-19,'” and it was associated with long COVID in
few studies,?”-?® thus, not consistent with our results. However, Ozawa et al** also found that females with hypertension
were less likely to develop long COVID than those without (OR: 0.51 (0.27-0.98)). These authors explored the use of
drugs for hypertension and found that Calcium channel blocker administration was associated with reduced persistent
symptoms such as alopecia, memory loss and sleeping disorders, which are prevalent symptoms in females from our
study, and less prevalent in males. Regarding age, there are also conflicting results. Advanced age is known to be
a significant risk factor for poor outcomes in COVID-19 infection,** however, the effect of age on long COVID remains
a subject of debate.’ Results from our study suggests that age is a protective factor of long COVID (yes/no and number of
symptoms) in both males and females, similar to results found by Ziauddenn et al** and Subramanian et al.*® However,

. 9 . . . .
4748 or no association.*” Discrepancies may be due to differences in

other studies have identified age as a risk factor
participant selection criteria (age, hospitalization, vaccination) or to differences in control by other confounding factors
observed in older people. These may also reflect differences in the waves of the pandemic, with high mortality in older
people in the first waves.” Furthermore, survival bias could also contribute to this apparent protective association, as
older adults with greater frailty or comorbidities may have been less likely to participate or survive to the follow-up
period, leading to an underrepresentation of the oldest individuals among long COVID cases. Thus, the role of age on
long COVID requires further investigation.

Even though the notable differences in prevalences and risk factors between sexes, the ranking of symptom
prevalence was similar in both sexes, being fatigue the most frequent symptom as consistently reported in other
studies,”® followed by memory loss and dyspnea.®*> Except for hair loss, described mainly in females, being the third
most prevalent symptom. Trajectories over time (onset, duration and recovery of each symptom) were also similar in
both sexes, especially when grouping symptoms according to their type, although these differed within symptoms type.
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Neuropsychiatric symptoms tend to persist longer (except for dysgeusia), notably in females, and some of these
symptoms, such as memory loss or anxiety and depression, started with a delay compared to other symptoms. This
pattern was very similar across both sexes, though it was more prevalent in females. Similar patterns have also been
observed in other studies.*'® A large study involving 236,379 COVID-19 patients found that one third of them
experienced ongoing neurological or psychiatric symptoms six months after diagnosis, similar to the prevalences
observed in the present study when males and females are considered together.’® In contrast, fatigue and dyspnea started
just after the acute infection and had higher recovery rate. Additionally, a recent longitudinal study”' reported that female
sex was a predictor of improvement in pulmonary function after COVID-19, suggesting that respiratory recovery does
not necessarily parallel the persistence of self-reported symptoms. This apparent discrepancy may be explained by the
higher frequency of non-respiratory symptoms such as fatigue, cognitive impairment, and sleep disturbances in females,
which contribute substantially to the perception of ongoing illness. Many of these symptoms have plausible biological
mechanisms that have been widely described.”® In particular, chronic fatigue, the most common symptom, has been
linked to inflammatory and immune dysregulation involving cytokines such as IL-6 and IL-1p, shared genetic pathways,
and microRNA profiles, all supporting the role of inflammation in long COVID.'® Additionally, dysregulation of
endothelin-1 observed in patients with persistent fatigue suggests underlying endothelial dysfunction contributing to
symptom persistence.'”

The study also indicated that long COVID had no effect on hospitalization rates during the two years following the
infection. However, despite no need of hospitalization because of persistent symptoms, other studies have described that
many long COVID patients experience a significant decline in quality of life'* and functional impairment.® This likely
increases the healthcare demand through an increase of drugs prescription, or more frequent visits to Primary Care
physicians, Specialists or emergency departments, depending on the affected systems of each patient.’> The healthcare
system is generally insufficient given the complexity of long COVID and its high prevalence.® Unfortunately, data on
healthcare visits was not available for the analysis. From a public health perspective, these findings underscore the need
for sex-sensitive approaches in long COVID surveillance, prevention, and care. Tailoring follow-up programs to
recognize the higher symptom burden in females could improve diagnosis, management, and rehabilitation outcomes.

This study has several limitations that need to be acknowledged. Firstly, the symptom questionnaire was administered
at the end of the first year after COVID-19 infection, which may have introduced recall bias and affected the reliability of
symptom prevalence estimates. Participants were asked to recall and report any symptoms experienced since their acute
infection, including their duration, but were not provided with a structured checklist to confirm each symptom
individually. This approach likely led to underreporting rather than overreporting of symptoms. To minimize variability,
all interviews were conducted by trained nurses and physicians following a standardized protocol. In each participating
center, the same interviewer performed all follow-up assessments to ensure consistency, and all interviewers were trained
by the same senior trainer to harmonize procedures across sites. Additionally, the most prevalent symptom reported was
fatigue, but the intensity of fatigue and the impact on patients’ quality of life was not assessed, and fatigue is known to
cause a significant impact on patient’s daily activities and functional impairment,'** specially in females.*' In addition,
number of symptoms experience together, also higher in females, can have an impact in quality of life.*! Moreover, there
is currently no clear and consistent definition of long COVID,>® mainly due to the high heterogeneity of this outcome,
and no agreed and validated instruments specifically designed to measure it.”> In addition, definitions do not include
severity and still diverge on duration.” This makes it difficult to compare with other studies and perform unbiased
systematic reviews.>> Lastly, socioeconomic variables such as education, income, occupation, household size, or care of
family members were not assessed, and these could also be predictors of long COVID** and probably differ between
sexes.*'*** These limitations highlight the need for more rigorous and comprehensive studies to better understand and
address the long-term effects of COVID-19.

Conclusions

Long COVID impacts females and males differently, with a higher 3-month and 1-year prevalence in females. In terms of
key predictors, hypertension seems to be protective in females, whereas COVID-19 severity is a significant risk factor in
males. Importantly, while long COVID is prevalent, it does not lead to severe health outcomes in terms of hospital
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admissions, though it may increase the use of other healthcare services. These findings highlight the importance of
collecting and analyzing sex-stratified data to better understand risk profiles and improve patient care. Future longitudinal
and interventional studies are warranted to clarify causal mechanisms, identify modifiable predictors, and develop
targeted, gender-sensitive strategies for the prevention, detection, and management of long COVID.
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