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Introduction

Clinical presentation of SARS-CoV-2 infection ranges from asymptomatic cases to severe distress respiratory syndrome. When symptomatic, the acute phase commonly features cough, dyspnea, flu-like symptoms, myalgia, joint pain, gastro-intestinal symptoms and anosmia/ageusia [START_REF] Docherty | Features of 20 133 UK patients in hospital with covid-19 using the ISARIC WHO Clinical Characterisation Protocol: prospective observational cohort study[END_REF]. Several studies have reported the persistence of COVID-related symptoms following acute phase. In 2021, WHO has developed a clinical definition of post-COVID condition [START_REF]A clinical case definition of post COVID-19 condition by a Delphi consensus[END_REF]. According this definition, the proportion of patients experiencing at least one persistent post-acute COVID-19 symptom (PACS) reaches 66% at two months, 53% at four months and 32% at seven months post-infection in outpatients (3-5), and rises up to 62 to 68% at six months post-infection in patients hospitalized during the acute phase [START_REF] Ghosn | Persistent COVID-19 symptoms are highly prevalent 6 months after hospitalization: results from a large prospective cohort[END_REF][START_REF] Huang | 1-year outcomes in hospital survivors with COVID-19: a longitudinal cohort study[END_REF].

It was shown that ICU stay (with or without COVID-19) was associated with worse longterm outcome [START_REF] Heesakkers | Clinical Outcomes Among Patients With 1-Year Survival Following Intensive Care Unit Treatment for COVID-19[END_REF].

Few data are available after 12 months post-infection with design heterogeneity [START_REF] Huang | 1-year outcomes in hospital survivors with COVID-19: a longitudinal cohort study[END_REF][START_REF] Kim | Post-acute COVID-19 syndrome in patients after 12 months from COVID-19 infection in Korea[END_REF][START_REF] Rivera-Izquierdo | Long COVID 12 months after discharge: persistent symptoms in patients hospitalised due to COVID-19 and patients hospitalised due to other causes-a multicentre cohort study[END_REF][START_REF] Seeßle | Persistent Symptoms in Adult Patients 1 Year After Coronavirus Disease 2019 (COVID-19): A Prospective Cohort Study[END_REF].

In the Chinese cohort with a 12-month follow-up as well as in the study performed in France with a six-month follow-up [START_REF] Ghosn | Persistent COVID-19 symptoms are highly prevalent 6 months after hospitalization: results from a large prospective cohort[END_REF][START_REF] Huang | 1-year outcomes in hospital survivors with COVID-19: a longitudinal cohort study[END_REF], female gender was associated with the persistence of PACS. Furthermore, it is known that, at the same age, women report poorer health than men in subjective health assessments, generally and in the COVID-19 specific setting [START_REF] Otten | Similarities and Differences of Mental Health in Women and Men: A Systematic Review of Findings in Three Large German Cohorts[END_REF](13)[START_REF] Schou | Psychiatric and neuropsychiatric sequelae of COVID-19 -A systematic review[END_REF][START_REF] Wang | Factors associated with psychological distress during the coronavirus disease 2019 (COVID-19) pandemic on the predominantly general population: A systematic review and meta-analysis[END_REF].Therefore, to add relevant evidence to the current literature we report results stratified by gender from a large national multicentre cohort where COVID-19 patients were followed prospectively from hospital admission up to 12 months regardless development of PACS or not.

Patients and methods

Study oversight and data collection

The design of this national multicentre prospective cohort (French COVID Cohort) has been described elsewhere [START_REF] Yazdanpanah | cohort investigators and study group. Impact on disease mortality of clinical, biological, and virological characteristics at hospital admission and overtime in COVID-19 patients[END_REF]. Briefly, hospitalized patients with a virologically confirmed COVID-19 were enrolled in the cohort (registered in clinicaltrials.gov NCT04262921); ethics approval was obtained from the French Ethic Committee CPP-Ile-de-France-VI (ID-RCB: 2020-A00256-33). Patients were co-included in the European H2020 ORCHESTRA project.

Follow-up was planned with a physician's visit at month (M)3, M6 and M12 after hospital admission. Comorbidities were assessed according to the 4C Mortality Score [START_REF] Knight | Risk stratification of patients admitted to hospital with covid-19 using the ISARIC WHO Clinical Characterisation Protocol: development and validation of the 4C Mortality Score[END_REF].
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We asked every center to check the French register of deceased persons (https://arbre.app/en/insee) in order to have the vital status (causes of death was not available) of those who did not attend follow-up visits.

Study definitions and outcomes

At each visit, the following ten COVID-19 symptoms were collected (fatigue, dyspnea at rest, joint pain, myalgia, headache, rhinorrhoea, cough, sore throat, ageusia and anosmia).

In addition, a physical exam and a 6-minute walking test (6MWT) were performed.

At M12 visit, a measure of the functional independence using the modified Rankin scale (mRS) (0 indicates no symptoms, 5 severe disability) and an assessment of muscle strength of each limb using the modified Medical Muscle Research council Scale (mMRC) (score from 0 to 60) were also performed [START_REF] Turan | Medical Research Council-sumscore: a tool for evaluating muscle weakness in patients with post-intensive care syndrome[END_REF]. Patients were also interviewed on health-related quality of life (HRQL) with the 12-items Short Form Health Survey (SF-12) and on their psychological distress (Health Anxiety Depression Scale, HADS). For SF-12, an individual was defined as having an impaired physical (or mental) HRQL if his Physical (or Mental) Component Summary (was lower than the 25 th percentile of the distribution in the general French population of the same age and gender. HADS is divided into anxiety (HADS-A) and depression subscale (HADS-D). Each HADS item was scored on a 4-point Likert scale with higher scores indicating more severe anxiety/depression. Scores ≥11 indicated abnormal levels.

Statistical analysis

All analyses were stratified by gender. Associations between presence of PACS at M12 (defined by the presence of ≥3 of the ten COVID-19 symptoms) and baseline characteristics were assessed through bivariate logistic regressions. The final multivariate models were developed by starting with a model that included all covariates with <10% of missing values and p<0.20 and then excluding variables that did not improve the overall fit as measured by the -2log likelihood ratio test.

Prevalence of symptoms are given with their 95%CI (exact Clopper-Pearson method). For patients who have both evaluation at M6 and M12, we compared the proportion of each symptom through McNemar paired tests. We compared the baseline characteristics between alive patients who attended the M12 visit to the eligible patients who did not (excluding deceased patients) using a chi-square test. We computed the observed proportion of ≥3 PACS and its 95%CI according to each combination of the risk factors found in the multivariate model J o u r n a l P r e -p r o o f to impute patients without M12 visit. Finally, separately in women and men, as a sensitivity analysis, we obtained three estimations of the proportion of patients with ≥3 persistent PACS on the overall population of eligible patients for the M12 visit using three imputations: the mean proportion and proportions from the lower and the upper bound of the 95%CI. All tests were 2-sided and analyses were performed with R software.

Results

We focused on participants enrolled between January 24 th and July 15 th 2020, in order to allow for a 12-month follow-up. Out of the 3426 participants enrolled during this period, 391 died (11%) during initial hospitalization, 67 died (2%) between hospital discharge and M12. By September 2021, M12 data were available for 737 patients. The baseline and M12 characteristics for the 737 patients (262 women and 475 men), are summarized in Table 1.

Global population

At M12 visit, 194/710 (27%, 95%CI: 24-31%) participants had 3 persistent PACS. Fatigue (327/705, 46%, 95%CI: 43-50%), dyspnea (235/704, 33%, 95%CI: 30-37%) and joint pain (146/703, 21%, 95%CI: 17-24%) were the 3 most frequently reported symptoms individually or in combination. Women reported myalgia frequently in addition to latter 3 symptoms (eFigure 1). Pulmonary auscultation was reported as "normal" in 507/634 patients (87%, 95%CI: 83-89%). In those with abnormal pulmonary auscultation, persistent crackles were reported in 19/74 (26%) and wheezing in 10/74 (14%) cases, respectively.

The median percentage of predicted value of the 6MWT was 88% (IQR: 74;100) for the 163 patients who did this test. Of note, this was lower in the 61 patients who reported dyspnea compared to those who did not (85% [IQR: 71;99] vs. 95% [IQR: 76;101], p=0.04). When focusing on dyspnea at rest, persistent dyspnea at M12 was reported in 187/578 (32%) of the subset of individuals with no pulmonary chronic condition. Globally, the presence of ≥3 persistent PACS was associated with female gender (data not shown because all analysis were presented by gender), both anxiety and depression, impaired HRQL (physical and mental), mRS ≥2 (Supplementary Table 1). Anxiety at M12 was associated with female gender (OR=2.46, 95%CI: 1.41-4.32), not getting back to work (OR=2.72, 95%CI: 1.17-6.27) and dyspnea (OR=3.49, 95%CI: 1.98-6.27) (Supplementary Table 2).

Six hundred and sixty-three patients attended both M6 and M12 visits. Between the two visits, there was no global evolution of the frequency of the ten PACS except for J o u r n a l P r e -p r o o f rhinorrhoea and cough that were more often reported at M12 in women only (Figure 1). Some patients reported an onset of symptoms at M12 compared to M6: 95/339 (28%, 95%CI: 33-46%) patients who did not have fatigue at M6 reported fatigue at M12, 101/425 (24%, 95%CI: 20-28%) for dyspnea and 81/490 (17%, 95%CI: 13-20%) for join pain.

Results according to gender

Compared to men, women more often reported the presence of ≥3 persistent PACS (98/253, 39%, 95%CI: 33-45% vs. 96/455, 21%, 95%CI: 17-25%), depression and anxiety (respectively, 18/152, 12%, 95%CI: 7-18% vs. 17/268, 6%, 95%CI: 4-10% and 33/156, 21%, 95%CI: 15-28% vs. 26/264, 10%, 95%CI: 7-14%), an altered physical HRQL (76/141, 54% vs. 120/261, 46%, 95%CI: 40-52%), and a mRS ≥2 (respectively, 45/170, 26%, 95%CI: 20-34% vs. 59/310, 19%, 95%CI: 15-24%). For those who previously had an occupation, women were more often on sick leave than men (39/116, 34%, 95%CI: 25-43% vs. 52/223, 23%, 95%CI: 18-29%).

In women, factors associated with the presence of ≥3 persistent PACS at M12 were age <65 years (aOR=1.8, 95%CI: 1.0-3.2) and having ≥3 symptoms at admission during the acute phase (aOR=2.2, 95%CI: 1.3-3.9). For men, only hospitalization in ICU and use of oxygen during the acute phase were significant factors (respectively OR=3.1, 95%CI: 1.4-7.9 and OR=2.7, 95%CI: 1.2-7.0) (Table 2).

The observed proportions of ≥3 persistent PACS at M12 for each of the combinations of risk factors are reported in efigure 2. In women, these proportions ranged between 22% with no risk factor (age ≥65 years, <3 symptoms at admission) to 53% in those with both risk factors. In men, these proportions ranged between 10% with no risk factor (no oxygen, no invasive ventilation, no ICU stay) to 23% in those with both risk factors.

Comparison between eligible participants who attended M12 visit and those who did not, and sensitivity analysis on all eligible participants

Comparing the 737 patients who attended the M12 visit to the 2231 eligible patients who did not, significant differences were found for admitted/transferred to ICU. Patients who attended the M12 visit had been more often admitted/transferred to ICU (242/654, 37% versus 581/1937, 30%; p<0.001) (Table 3).

In the sensitivity analysis, we obtained three estimations of the proportion of ≥3 persistent PACS among all eligible patients for the M12 visit. In women, the mean proportion was 39% (95%CI: 36-41), the imputed proportion from the lower bound of the 95%CI was J o u r n a l P r e -p r o o f 33%, and the imputed proportion from the upper bound of the 95%CI was 46%. In men, these proportions were 21% (95%CI: 19-23), 17% and 25%, respectively.

Discussion

Epidemiology and natural history of PACS are poorly understood. PACS subtypes are widely distributed and cover exercise intolerance, pain syndromes, cognition, mood and sleep disorders, and dysautonomia [START_REF] Balcom | Acute and chronic neurological disorders in COVID-19: potential mechanisms of disease[END_REF]. In this large national prospective cohort of patients hospitalized for confirmed COVID-19 during the acute phase, with 12-month follow-up after hospital discharge, a fourth of the participants reported the presence of ≥3 persistent PACS. The prevalence of PACS in our cohort is probably overestimated given the high proportion of participants not retained in follow-up, and given the fact that those still attending follow-up visits might be more prone to complain from PACS than those who did not attend. In addition, there was no change between M6 and M12 globally but in a same individual, some symptoms that were not reported at M6 could arise at M12. As these signs are very unspecific, it is disputable whether they are linked with COVID-19. For example, the 28% of people with fatigue at M12 among those who did not at M6 may not be related to acute infection one-year-ago. Furthermore, 20% of participants stated that they had not regained full independence at M12. These symptoms had disabling consequences since a fourth of those who had a professional occupation before COVID-19 was still on sick leave at M12. It has been previously shown that women reported symptoms more frequently than men, generally and in the COVID-19 setting [START_REF] Otten | Similarities and Differences of Mental Health in Women and Men: A Systematic Review of Findings in Three Large German Cohorts[END_REF](13)[START_REF] Schou | Psychiatric and neuropsychiatric sequelae of COVID-19 -A systematic review[END_REF][START_REF] Wang | Factors associated with psychological distress during the coronavirus disease 2019 (COVID-19) pandemic on the predominantly general population: A systematic review and meta-analysis[END_REF], therefore, we chose to stratify our analyses according to gender. Indeed, factors associated with the presence of PACS at M12 were different according to gender. In men, admission/transfer to ICU and oxygen therapy were associated with the presence of ≥3PACS at M12, suggesting a potential role of the initial severity of the disease in the persistence of symptoms. This could also suggest a role of the antiviral adaptive response, or of the innate immune response. However, in women, the persistence of ≥3 PACS at M12 was associated with having ≥3 symptoms at admission and with younger age. Also, women reported more often anxiety and depression than men.

Recently, it has been shown that cognitive complaints at one month after a hospitalization for COVID-19 were associated with psychological distress, independently of objective neuropsychological status [START_REF] Gouraud | Association Between Psychological Distress, Cognitive Complaints, and Neuropsychological Status After a Severe COVID-19 Episode: A Cross-Sectional Study[END_REF]. We show that women are more likely to present to health care clinics with symptoms post discharge. Increase presentation is associated with severity of initial J o u r n a l P r e -p r o o f presentation and the presence of anxiety which may be associated with increased health seeking behavior at M12 in this population. Our results at M6 were in keeping with those reported in a Chinese cohort of hospitalized COVID-19 patients; however, the proportion of individuals with ≥1 symptom and the proportion of those still on sick leave at M12 were lower in the Chinese cohort than in ours [START_REF] Huang | 1-year outcomes in hospital survivors with COVID-19: a longitudinal cohort study[END_REF]. Of note, median age in the Chinese cohort was 59 years versus 61 in ours, and the proportion of women was higher in the Chinese cohort (47%) than in ours (34%).

In addition, if 88% of participants were indeed back to work at M12 visit in the Chinese cohort, it is important to emphasize that 24% did not return to pre-COVID-19 level of work [START_REF] Huang | 1-year outcomes in hospital survivors with COVID-19: a longitudinal cohort study[END_REF].

Interestingly, our results favorably compared with those reported in Dutch ICU patients at M12 post admission [START_REF] Heesakkers | Clinical Outcomes Among Patients With 1-Year Survival Following Intensive Care Unit Treatment for COVID-19[END_REF].

The proportion of patients still complaining from PACS at M6 post COVID-19 [START_REF] Ghosn | Persistent COVID-19 symptoms are highly prevalent 6 months after hospitalization: results from a large prospective cohort[END_REF] was higher than that reported in matched patients who had influenza [START_REF] Taquet | Incidence, cooccurrence, and evolution of long-COVID features: A 6-month retrospective cohort study of 273,618 survivors of COVID-19[END_REF]. The pathophysiology underlying these persistent or fluctuant PACS long after the acute phase is still unknown. Chronic inflammation, initial cytokine storm, residual virus in lungs post recovery, activation of the complement system, microthrombi and macrothrombi formation have been suggested as potential causes for these persistent symptoms [START_REF] Hirschenberger | Implications of Innate Immunity in Post-Acute Sequelae of Non-Persistent Viral Infections[END_REF][START_REF] Ramakrishnan | Unraveling the Mystery Surrounding Post-Acute Sequelae of COVID-19[END_REF]. In our series, 21% of participants had a mRS >2, and the percentage of predicted value of the 6MWT was lower in the 61 patients who reported dyspnea compared to those who did not. CRP, however, was low in all participants, but this marker might not be a good marker of prolonged/chronic inflammation. Also, no samples for identification of residual viral persistence were obtained. Indeed, a few studies reported detection of viral proteins and RNA in various tissues, by in situ methods, months after infection [START_REF] Gaebler | Evolution of antibody immunity to SARS-CoV-2[END_REF][START_REF] Cheung | Residual SARS-CoV-2 viral antigens detected in GI and hepatic tissues from five recovered patients with COVID-19[END_REF]. Chronic distress can also be associated with chronic inflammation [START_REF] Henningsen | Management of functional somatic syndromes[END_REF].

Our study had several limitations. First, the severity of PACS was not assessed. Indeed, in our cohort at M6, when focusing on self-reported symptoms (and not symptoms reported by the physician), the proportion of reported symptoms was roughly the same but most symptoms were grade 1 (27). Second, is the potential bias in patients who attended M12 follow-up, such patients being more prone to be more symptomatic and thus, continue to seek medical care, than those who have completely recovered. Indeed, patients who did not attend the M12 visit had been less admitted/transferred to ICU than those who did attend, these characteristics being less frequently associated with persistent PACS far from the acute episode. This limitation might explain in part the differences between our results and those of the Chinese cohort in which the number of participants attending M6 and M12 visits was similar, whereas the number of those attending M12 visit in our cohort was not J o u r n a l P r e -p r o o f only lower than expected regarding the total number of eligible patients, but also lower than those who attended M6 visit. We performed a sensitivity analysis by computing the observed proportion of ≥3 PACSat M12 according to each combination of the risk factors found in the multivariate model to impute patients without M12 visit. However, this approach, which takes into account the differences on the distribution of risk factors, assumes that there is no specific selection bias, i.e., it assumes that patients without visit behave as those with a visit according to the combination of risk factors. Of note, scheduling follow-up hospital visits in this time of saturation of the healthcare system was challenging. Third, we did not have the health status (HRQL, anxiety and depression) of patients before acute infection.

Finally, the impact of vaccines, treatment and less virulent strains (such as Omicron variant) is unknown.

In conclusion, longitudinal follow-up of individuals with severe COVID-19 is warranted to precisely determine the nature and frequency of persistent PACS, with self-reported online or telephone assessments to reduce the number of patients lost to follow-up, with additional questionnaires to address somatic symptom disorders, and to better understand the pathophysiology underlying this long-term persistence.

J o u r n a l P r e -p r o o f a Comorbidities were defined using the Charlson comorbidity index, with the addition of cliniciandefined obesity.

b Number of symptoms among: fatigue, dyspnea, joint pain, myalgia, headache, rhinorrhoea, cough, sore throat, ageusia and anosmia.
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Figure 1 :

 1 Figure 1: COVID-19 related symptoms during the acute phase and during follow-up visits of patients with M6 and M12 visits for women (n=235) and for men (n=428) enrolled in the French COVID cohort

  

Table 1 .

 1 27. Eloy P, Tardivon C, Martin-Blondel G, Isnard M, Turnier PL, Marechal ML, et al. Severity of self-reported symptoms and psychological burden 6-months after hospital admission for COVID-19: a prospective cohort study. Int J Infect Dis. 11 sept 2021;112:247-53. Characteristics at hospital admission and clinical symptoms at 12 months follow-up 414 of 737 patients enrolled in the French COVID cohort

	Medical Research Council Scale <48 at				
	M12 visit -no/total no (%)	253	8/484 (2)	3/168 (2)	5/316 (2)
	Simplified Modified Rankin Scale at M12 visit -no/total no (%)	257			
	0 -No symptoms		242/480 (50)	76/170 (45)	166/310 (54)
	1 -No significant disability		134/480 (28)	49/170 (29)	85/310 (27)
	2 -Slight disability		79/480 (16)	34/170 (20)	45/310 (15)
	3 -Moderate disability		22/480 (5)	10/170 (6)	12/310 (4)
	4 -Moderately severe disability		2/480 (0)	1/170 (1)	1/310 (0)
	5 -Severe disability		1/480 (0)	0/170 (0)	1/310 (0)
	HADS -no/total no (%)	317			
	Anxiety score ≥11		59/420 (14)	33/156 (21)	26/264 (10)
	Depression score ≥11		35/420 (8)	18/152 (12)	17/268 (6)
	SF-12 -no/total no (%)	335			
	Impaired physical HRQL		196/402 (49)	76/141 (54)	120/261 (46)
	Impaired mental HRQL		126/402 (31)	45/141 (32)	81/261 (31)
	If applicable, back to work at M12 -no/total no (%)	398	248/339 (73)	77/116 (66)	171/223 (77)
	CRP at M12 visit -Median [IQR] -mg/L	323	3 [1; 4]	3 [2; 7]	2 [1; 4]
	Persistent PACS 12 months after hospital admission -no/total no (%) b	27			
	None		236/710 (33)	62/253 (25)	174/457(38)
	1-2		280/710 (39)	93/253 (37)	187/457 (41)
	≥3		194/710 (27)	98/253 (39)	96/457 (21)

Table 2 .

 2 Univariate and multivariate association analyses with 3 or more symptoms at M12 visit separatey in women and in men 420

		<3 symptoms	≥3 symptoms	Bivariate analysis a	Multivariate analysis b
	Missing	at M12	at M12	OR [95%CI]	p-value aOR [95%CI]	p-value

OR: odds ratio; aOR: adjusted odds ratio; CI: confidence interval

Table 3 .

 3 Comparison between patients included in the analyses and patients not deceased who did not attend M12 visit

	Included in the analyses	Not included in the analyses	
	(N=737)	(N=2231)	p-value*

* chi-square test
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