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Background: The persistence of symptoms or the development of new symptoms following a diagnosis of SARS-CoV-2 has given rise to a multifaceted clinical condition referred to as “long COVID” (LC). The understanding of LC among China’s non-hospitalized population continues to be insufficient. This investigation was designed to evaluate the protracted consequences amongst this demographic, as well as to identify the associated risk factors.

Methods: This research constitutes a prospective cohort study focusing on non-hospitalized individuals, aged between 18 and 59, who have been positively diagnosed with COVID-19. Each participant was subjected to a sequence of questionnaire-based surveys, designed to evaluate symptoms as well as the status of depression and anxiety. A logistic regression model, adjusted for multiple variables, was employed to scrutinize the correlation between demographic elements, lifestyle attributes, and health-related risk factors in relation to conditions and symptoms post COVID-19 infection.

Results: A total of 706 individuals participated in the 3 months follow-up, with 620 continuing on to the 6 months follow-up. The median age was 35 (28, 43) years, and 597 (85%) are female. Upon follow-up, Compared with patients without LC, patients with LC have a higher proportion of females (420 (87%) vs. 177 (79%); p = 0.010), were older (35 (29, 44) years vs. 33 (27, 41) years; p = 0.010) and have more comorbidities. Out of all participants, 483 (68.4%) reported experiencing at least one symptom at the 3 months mark, while 49.7% reported symptoms persisting at the 6 months mark. At the 3 months follow-up, the most prevalent persistent symptoms were cough (46%), fatigue (38%), and shortness of breath (34%). By the 6 months follow-up, fatigue (25%), shortness of breath (22%), and sleep disorders (16%) were the most commonly reported symptoms. Anxiety and depression were consistently reported as prevalent symptoms throughout the follow-up period. Most patient symptoms fade over time, with the quickest decreases observed in cough (from 46 to 9%), expectoration (from 26 to 6.3%), smell disorder (from 16 to 3.9%), and taste disorder (from 18 to 3.5%). Male and those possessing advanced educational qualifications exhibit a decreased susceptibility to the sustained incidence of coughing. Conversely, older age and the presence of comorbidities were identified as risk factors for persistent fatigue and shortness of breath.

Conclusion: In the after of COVID-19, it has been observed that the majority of patient symptoms tend to decrease over time. The primary residual symptoms noticed after a 6 month follow-up were fatigue, dyspnea, and sleep disturbances. However, it’s noteworthy that the risk factors associated with these symptoms exhibit subtle variations. Furthermore, psychological sequelae, namely depression and anxiety, are frequently reported among COVID-19 survivors.
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Introduction

Long COVID (LC), or post-acute sequelae of SARS-CoV-2 infection (PASC), has become a substantial public health issue. LC is a term frequently employed to delineate symptoms that persist or manifest subsequent to an acute diagnosis of SARS-CoV-2, extending beyond the initial four-week period (1). This condition, frequently experienced by patients who have recovered from acute SARS-CoV-2 infection, is characterized by lingering symptoms such as fatigue, muscular weakness, dyspnea, arthralgia, and neurological complications (2, 3). The prevalence of LC remains uncertain; however, conservative estimates suggest that it affects approximately 10% of non-hospitalized survivors, with a higher proportion among hospitalized individuals (4, 5), this condition significantly deteriorates the quality of life and imposes a considerable economic burden (6).

Regarding the long-term consequences of the Omicron variant, preliminary evidence suggests a trend towards less severity and shorter duration compared to the Delta variant and other strains. Arjun’s et al. research in India indicates an 8.2% risk of LC following an Omicron infection, markedly lower than the risk associated with the Delta variant (7). Consistently, Antonelli et al. reported a lower incidence of LC in Omicron cases (4.8%) than in Delta cases (10.8%) (8). In China, the first wave of the Omicron variant occurred in December 2022, yet the long-term effects on non-hospitalized individuals remain largely undetermined.

Therefore, it is imperative to evaluate the enduring repercussions of COVID-19 in non-hospitalized patients and to identify potential risk factors. This will equip healthcare providers with the necessary information to effectively manage LC and its impact on patients and their families. Additionally, it will contribute to the growing body of knowledge regarding LC in non-hospitalized populations.



Methods


Study design and participants

In this prospective cohort study, non-hospitalized patients confirmed with COVID-19 infection through reverse transcriptase polymerase chain reaction (RT-PCR) or COVID-19 antigen testing were recruited from Longfu Hospital in Beijing, China. The study population comprises hospital staff, encompassing both permanent and contingent employees, together with police department personnel who collaborate with the medical institution. The inclusion criteria encompassed individuals aged between 18 and 59 years. Subjects were excluded if they declined participation, failed follow-up, were unable to articulate their symptoms, or experienced COVID-19 reinfection during the follow-up period. The data collection spanned from December 2022 to August 2023. The study received approval from the Research Ethics Commission of Beijing Longfu Hospital (LFYYLL-2023-01), and written informed consent was obtained from all participants.



Data management and outcome measurement

The acute phase data incorporated demographics (including age, gender, body mass index (BMI), educational background, and smoking and drinking habits), symptoms, comorbidities, and chest computed tomography. Subsequent clinical follow-ups of all study participants were conducted via telephone consultations and in-person appointments at 3- and 6 months intervals after diagnosis. During each encounter, the Long-term Follow-up Case Report Form (CRF), based on the World Health Organization’s CRF for post-COVID conditions, was utilized to gather information regarding the patient’s current health status and any lingering symptoms. The Self-Rating Depression Scale (SDS) and Self-Rating Anxiety Scale (SAS) were employed to assess the prevalence and intensity of depressive and anxious symptoms. All follow-up information was ultimately compiled into Microsoft Excel for streamlined storage and efficient management.



Statistical analysis

We undertook descriptive statistical analysis to assess the baseline characteristics and enduring health implications of COVID-19. Both continuous and categorical variables were represented as median (interquartile range (IQR)) and frequency (percentage), respectively. For group comparisons, we deployed the Chi-squared test or Fisher’s exact test in conjunction with the Wilcoxon rank-sum test. A p-value below 0.05 was deemed statistically significant.

To explore and ascertain the odds ratios (ORs) and 95% confidence intervals (CIs) for associations between demographic attributes, comorbidities, and persistent symptoms, univariable and multivariable logistic regression analyses were conducted. Our final analysis incorporated all participants for whom the variables of interest were accessible, excluding the imputation of missing data. All statistical evaluations were executed using R software, version 4.0.2.1




Results

In this study, a cohort of 744 patients, diagnosed with mild to moderate COVID-19, was observed from December 1, 2022, through July 30, 2023. However, the sample size was eventually reduced to 706 due to the exclusion of 38 patients. These exclusions were a result of a lack of follow-up participation: 12 patients voluntarily opted out, 24 were unreachable, and 2 withdrew due to miscellaneous reasons. After the 3 months follow-up period, all 706 participants remained in the study. However, at the 6 months mark, only 620 participants were included in the data analysis. The decrease in participant count was due to the exclusion of 86 individuals who experienced COVID-19 reinfection during the observation period. These demographic and participation details are illustrated in Figure 1.
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FIGURE 1
 Flow chart of patients diagnosed with mild to moderate COVID-19 between December 1 and July 30, 2023.


Table 1 delineates the demographic and clinical attributes of participants, segregated based on the 3 months and 6 months follow-up data. The median participant age stands at 35 years (interquartile range: 28, 43 years), with an age range of 21 to 59 years. The gender distribution is predominantly female (85% in participants).



TABLE 1 Characteristics of enrolled patients.
[image: Table1]

In terms of educational attainment, the majority (58%) hold a university degree, trailed by individuals with education level below college (25%). The prevalence of underlying health conditions is relatively low, with only 5.8% of the participants having three or more such conditions. Allergic rhinitis tops the list of comorbidities (84 participants, 12%), succeeded by hypertension (66 participants, 9.3%), and osteoarthritis (64 participants, 9.1%).

Upon comparing COVID-19 patients with and without long-term sequelae during the 3 months follow-up, it was noted that the group with LC had a higher proportion of females (87% versus 79%; p = 0.010), older median age (35 years versus 33 years; p = 0.010), and greater comorbidity prevalence. However, there were no significant differences in BMI, educational background, and substance use habits such as smoking and drinking.

The 6 months follow-up for LC mirrored these findings. Notable differences in osteoarthritis, depression, and anxiety were observed between the 3 months and 6 months follow-ups. As the duration progressed, other conditions like asthma (p = 0.024), gastrointestinal issues (p = 0.015), and oncological conditions (p = 0.038) appeared to influence the long-term effects of COVID-19.

In the follow-up interview, 68.4% (483) of the participants reported experiencing at least one symptom after 3 months, while 49.7% (308) reported persistent symptoms after 6 months. The most prevalent symptoms at the 3 months mark were coughing (46%), fatigue (38%), and shortness of breath (34%). By the 6 months mark, the most frequent symptoms were fatigue (25%), shortness of breath (22%), and sleep disorders (16%). Anxiety and depression emerged as the most common symptoms during the follow-up period, particularly among participants with higher education levels and those with multiple comorbidities. Over time, most symptoms exhibited a declining trend, with the most notable reductions observed in coughing (from 46 to 9%), expectoration (from 26 to 6.3%), smell disorders (from 16 to 3.9%), and taste disorders (from 18 to 3.5%) (Figure 2).
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FIGURE 2
 Outcomes of persistent symptoms 3- to 6 months after non-hospital patients admitted for acute COVID-19.


In the multivariable regression analysis (Figure 3), the risk is lower for male and higher for female in 3 months (OR 0.58, 95% CI 0.36–0.94) and in 6 months (OR 0.49, 95% CI 0.29–0.83). In addition, participants with three or more comorbidities demonstrated an elevated risk in 3 months (OR 2.94, 95% CI 1.10–7.87) and in 6 months (OR 3.98, 95% CI 1.66–9.57). Factors such as age, BMI, level of education, and lifestyle habits like smoking and drinking did not significantly impact the risk of LC.
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FIGURE 3
 Multivariable logistic regression model to identify pre-existing risk factors for long COVID (A), cough (B), fatigue (C), short of breath (D), depression (E) and anxiety (F) in 3 months and 6 months.


Common symptoms such as cough, fatigue, and shortness of breath were further examined using multivariate regression analysis. Males exhibit a reduced incidence of coughing over a 3 months observation period (OR 0.57, 95% CI 0.35–0.92), however, this difference effect dissipated after 6 months. Similarly, for males, experiencing fatigue or shortness of breath does not confer any advantages.

Compared to individuals with lower education levels, individuals with higher education levels are less likely to experience cough related symptoms within 3 months (OR 0.57, 95% CI 0.35–0.93). Correspondingly, compared to individuals with higher education levels and those with lower education levels, individuals with college levels have a lower risk of developing cough related symptoms within 6 months (OR 0.50, 95% CI 0.27–0.92). Age was identified as a risk factor for fatigue during the three-month follow-up (OR 1.04, 95% CI 1.02–1.06), while the presence of three or more comorbidities became more pronounced at the 6 months (OR 4.01, 95% CI 1.91–8.43).

With regard to shortness of breath, both two and three or more comorbidities were associated with an increased risk at both the 3 months and 6 months follow-ups.

Depression and anxiety are prevalent conditions among individuals with long COVID, and their prevalence does not significantly alter over time. During follow-up periods at 3 and 6 months, it has been observed that individuals with higher levels of education and those experiencing complications are at a greater risk of developing anxiety and depression. Conversely, factors such as age, gender, smoking habits, and alcohol consumption do not influence the occurrence of these mental health conditions.



Discussion

In our research, we examined the enduring clinical consequences in non-hospitalized adult demographics following Omicron infection, while simultaneously scrutinizing alterations in symptom profiles and predisposing factors. Our findings revealed that a majority, exceeding half of the afflicted individuals, exhibited persistent symptoms. The most prevalent of these included cough, fatigue, dyspnea, and insomnia. Factors such as gender – specifically being female – and the presence of comorbidities (9–11) amplified the likelihood of developing post-COVID-19 conditions. Our analysis demonstrated that the risk of numerous health outcomes in the aftermath of mild to moderate COVID-19 infection became increasingly conspicuous within the initial 3 months post-infection, subsequently declining. The data also indicated that this risk fluctuated across different symptom spectra and evolved over time.

The prevailing symptoms observed amongst individuals include fatigue and shortness of breath, aligning with prior research (12–15). A meta-analysis has established that COVID-19 infection markedly elevates the likelihood of enduring fatigue and shortness of breath, with risk factors of 1.72 and 2.60 respectively, when assessed 4 weeks or more following initial infection, relative to a non-infected control cohort (16). This implies that regardless of the virus’s mutation or hospitalization status, chronic fatigue and shortness of breath persist as significant detriments impacting individuals’ quality of life. We further noted that while the severity of fatigue and shortness of breath diminished over time, the rate of decrease was gradual. Risk factors correlated with age and multiple comorbidities, but no significant relationship with gender was found. In our research, we did not explore the foundational mechanisms at play. However, contemporary scholarly work suggests that these mechanisms are likely complex and might encompass cerebral targeting, skeletal muscle impairment, as well as compromised erythrocyte functionality. Recent studies (17) reveal elevated levels of brain-reactive autoantibodies against MBP, MOG, tubulin, CP2, and synaptophysin in patients suffering from protracted COVID-19, suggesting a possible involvement of neuroautoimmune pathophysiology. Post-infection structural changes in skeletal muscle microvasculature due to immune response, such as reduced capillary density, thickened capillary basement membrane, and an increased number of CD169+ macrophages, may contribute to fatigue (18). Romy Kronstein-Wiedemann et al. (19) reported that long-term COVID-19 patients exhibited hindered oxygen-hemoglobin binding and enhanced carbon monoxide binding, indicating that persistent fatigue might be associated with compromised erythrocyte function in patients with prolonged coronavirus infection. Metabolic alterations in fatigued patients, including lactate, fumaric acid, symmetric dimethylarginine, and asymmetric dimethylarginine, could potentially serve as therapeutic targets (20, 21). Our findings also suggest a correlation between long-term COVID-19 and osteoarthrosis, implying possible involvement of the musculoskeletal system. This insight could aid in formulating rehabilitation strategies for managing post-COVID-19 fatigue (22).

During the course of a COVID-19 infection, numerous individuals reported symptoms such as coughing, expectoration, fatigue, shortness of breath, palpitations, and insomnia. However, it has been observed that the prevalence of these symptoms has exhibited a consistent decline over time. The most rapidly diminishing symptom appears to be coughing. This suggests that the manifestation of ‘Long-COVID’ symptoms tends to gradually diminish over time, which aligns with prior research on the progression of COVID-19 (23). In the current investigation, empirical data indicates that 30 days post onset or admission due to COVID-19, the estimated prevalence of cough was 18.6% (95% CI 10.6 to 30.7; 9 studies, n = 1,829). This figure saw a decrease to 8.6% (95% CI 5.3 to 13.7; 8 studies, n = 8,219) after a period of 90 days (24). A related study conducted by Osmanov et al. (25) revealed a decrease in fatigue levels in children from 15.8% at the time of discharge, to 8.8% seven months later. Furthermore, the percentage of sleep disturbances reported experienced a drop from 7.5 to 5.8%. Extensive research has suggested that gender significantly influences the clinical presentation and outcomes of various diseases, including those affecting respiratory functions. Our analysis of the available data delineates a robust correlation between gender and persistent post-COVID-19 cough, with females exhibiting a higher propensity towards experiencing this symptom as compared to males. Concurrently, our study also unearthed individuals boasting higher education levels demonstrated a reduced likelihood of suffering from a persistent cough, thereby suggesting that education might serve a protective role against this symptom (26). Intriguingly, our research did not unearth any significant correlation between smoking habits and the occurrence of a persistent cough. Despite the fact that smoking can unquestionably exacerbate respiratory health, it seemingly bears minimal influence on the persistence or severity of a cough specifically associated with COVID-19. This insinuates the possibility of unique mechanisms triggering coughs caused by this virus. The heightened activity of transient receptor potential (TRP) channels, which are expressed on the C fibers of the vagal nerve and mediate cough responses, as well as laryngeal hypersensitivity and dysfunction accompanied by abnormal vocal cord movement could potentially explain this phenomenon (27). Additionally, mast cells, known for expressing female sex hormone receptors, may shed light on the cause of persistent cough in females.

An exhaustive examination of accessible data unveils a significant prevalence of anxiety and depression amongst individuals suffering from long COVID, corroborating prior research (28–31). These psychiatric manifestations may endure well beyond the resolution of the disease’s acute phase, resulting in considerable distress and compromised functionality (32). Elements such as ambiguity associated with long COVID, physical manifestations, and social segregation contribute to the inception and intensification of anxiety and depression within this demographic. Intriguingly, our investigation underscores a significant correlation between elevated education levels and heightened incidence of anxiety and depression amongst long COVID patients. Despite education typically providing individuals with superior tools to tackle health-related adversities, it may also precipitate excessive introspection, escalated health apprehension, and an illusion of control over health consequences. The impetus to excel acadically can amplify pre-existing psychological susceptibilities. These observations emphasize the need for custom-made interventions targeting individuals with advanced education to cater to their distinct mental health requirements. Our analysis further delves into the repercussions of multiple medical complications on anxiety and depression amongst long COVID patients. Individuals with co-morbidities or a history of numerous complications are at an escalated risk for the development of psychological distress. The obligation of managing intricate medical conditions, confronting ambiguity regarding recuperation, and grappling with an extended illness trajectory can contribute to exacerbated anxiety and depression. This insight underscores the indispensability of comprehensive care that addresses both physical and mental health dimensions for long COVID patients with multiple complications.


Limitations

This cohort study possesses several inherent limitations. Primarily, it is important to note the disproportionate representation of women in the COVID-19 lifeline cohort which may introduce selection bias, compared to the broader lifeline population. Secondly, the absence of a control group, composed of healthy adults unaffected by COVID-19, restricts the comparative scope of our study the third limitation arises from potential comorbidities or complications that some patients might encounter during the follow-up period. These additional health issues could potentially influence both their overall health status and the persistence and prevalence of COVID-19 symptoms. The fourth limitation pertains to the subjective nature of patient-reported outcomes, such as fatigue, anosmia, and dysgeusia. These self-reported symptoms may not be as precise or consistent as a physician’s clinical diagnosis. Lastly, we cannot disregard the possibility of behavioral and environmental disparities between infected and uninfected individuals. Such differences could potentially inflate the calculated incidence rate among those infected with COVID-19.




Conclusion

Following the COVID-19 pandemic, it was observed that the majority of patients’ symptoms gradually subsided, with cough, expectoration, olfactory disturbance, and gustatory disorder showing the most rapid decline. However, after a 6 months observation period, nearly half of the affected individuals continued to exhibit at least one symptom. Predominantly, fatigue, dyspnea, and sleep disturbances were the most frequently reported post-illness conditions. The risk factors associated with these residual symptoms varied slightly. For instance, cough was predominantly observed in women, establishing gender as a principal risk factor for this symptom. Age and pre-existing health conditions were more frequently linked to fatigue and shortness of breath. Furthermore, psychological disorders such as depression and anxiety were prevalent among the post-COVID-19 conditions. Currently, the mechanisms underlying these diverse post-COVID-19 symptoms remain elusive. Future research should aim to devise treatment strategies tailored to these specific symptoms to enhance therapeutic efficacy.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving humans were approved by the Ethics Committee of Beijing Longfu Hospital. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

WR: Writing – original draft. JQ: Writing – review & editing. WT: Writing – review & editing. YY: Data curation, Writing – original draft. JY: Data curation, Writing – original draft. PK: Methodology, Writing – original draft.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. The research presented herein has been generously supported by the Dongcheng District Research Fund, as indicated by Dongwei Jianyan [2023]-5.



Acknowledgments

Our heartfelt gratitude extends to all patients and their respective families who have willingly participated in this study. Furthermore, we extend our appreciation to the entire team (Dawei Huang, Yue Wu, Hongyan Wan, Lei Guo) involved in the longitudinal research study for their unwavering dedication and commitment.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2024.1377866/full#supplementary-material



Footnotes

1   https://cran.r-project.org



References

 1. National Institute for Health and Care Excellence (NICE). COVID-19 rapid guideline: managing the long-term effects of COVID-19. (2020). Overview | COVID-19 rapid guideline: managing the long-term effects of COVID-19 | Guidance | NICE. Available at: https://www.nice.org.uk/guidance/ng188

 2. Natarajan, A, Shetty, A, Delanerolle, G, Zeng, Y, Zhang, Y, Raymont, V , et al. A systematic review and meta-analysis of long COVID symptoms. Syst Rev. (2023) 12:88. doi: 10.1186/s13643-023-02250-0 

 3. Tziolos, N, Ioannou, P, Baliou, S, and Kofteridis, DP. Long COVID-19 pathophysiology: what do we know so far? Microorganisms. (2023) 11:2458. doi: 10.3390/microorganisms11102458 

 4. Davis, HE, Mccorkell, L, Vogel, JM, and Topol, EJ. Long COVID: major findings, mechanisms and recommendations. Nat Rev Microbiol. (2023) 21:133–46. doi: 10.1038/s41579-022-00846-2 

 5. O’Mahoney, LL, Routen, A, Gillies, C, Ekezie, W, Welford, A, Zhang, A , et al. The prevalence and long-term health effects of long COVID among hospitalised and non-hospitalised populations: a systematic review and meta-analysis. EClinicalMedicine. (2022) 55:101762. doi: 10.1016/j.eclinm.2022.101762 

 6. Pierre, V, Draica, F, Di Fusco, M, Yang, J, Nunez-Gonzalez, S, Kamar, J , et al. The impact of vaccination and outpatient treatment on the economic burden of COVID-19 in the United States omicron era: a systematic literature review. J Med Econ. (2023) 26:1519–31. doi: 10.1080/13696998.2023.2281882

 7. Arjun, MC, Singh, AK, Roy, P, Ravichandran, M, Mandal, S, Pal, D , et al. Long COVID following omicron wave in eastern India—a retrospective cohort study. J Med Virol. (2022) 95:e28214. doi: 10.1002/jmv.28214 

 8. Antonelli, M, Pujol, JC, Spector, TD, Ourselin, S, and Steves, CJ. Risk of long COVID associated with delta versus omicron variants of SARS-cov-2. Lancet. (2022) 399:2263–4. doi: 10.1016/s0140-6736(22)00941-2 

 9. Michelen, M, Manoharan, L, Elkheir, N, Cheng, V, Dagens, A, Hastie, C , et al. Characterising long COVID: a living systematic review. BMJ Glob Health. (2021) 6:e005427. doi: 10.1136/bmjgh-2021-005427 

 10. Maglietta, G, Diodati, F, Puntoni, M, Lazzarelli, S, Marcomini, B, Patrizi, L , et al. Prognostic factors for post-COVID-19 syndrome: a systematic review and meta-analysis. J Clin Med. (2022) 11:61541. doi: 10.3390/jcm11061541 

 11. Subramanian, A, Nirantharakumar, K, Hughes, S, Myles, P, Williams, T, Gokhale, KM , et al. Symptoms and risk factors for long COVID in non-hospitalized adults. Nat Med. (2022) 28:1706–14. doi: 10.1038/s41591-022-01909-w 

 12. Huang, C, Huang, L, Wang, Y, Li, X, Ren, L, Gu, X , et al. 6-month consequences of COVID-19 in patients discharged from hospital: a cohort study. Lancet. (2021) 397:220–32. doi: 10.1016/S0140-6736(20)32656-8 

 13. Munblit, D, Bobkova, P, Spiridonova, E, Shikhaleva, A, Gamirova, A, Blyuss, O , et al. Incidence and risk factors for persistent symptoms in adults previously hospitalized for COVID-19. Clin Exp Allergy. (2021) 51:1107–20. doi: 10.1111/cea.13997 

 14. Latronico, N, Peli, E, Calza, S, Rodella, F, Novelli, MP, Cella, A , et al. Physical, cognitive and mental health outcomes in 1-year survivors of COVID-19-associated ards. Thorax. (2022) 77:300–3. doi: 10.1136/thoraxjnl-2021-218064

 15. Lorent, N, Vande Weygaerde, Y, Claeys, E, Guler Caamano Fajardo, I, De Vos, N, De Wever, W , et al. Prospective longitudinal evaluation of hospitalised COVID-19 survivors 3 and 12 months after discharge. ERJ Open Res. (2022) 8:2022. doi: 10.1183/23120541.00004-2022 

 16. Marjenberg, Z, Leng, S, Tascini, C, Garg, M, Misso, K, El Guerche, SC , et al. Risk of long COVID main symptoms after SARS-cov-2 infection: a systematic review and meta-analysis. Sci Rep-Uk. (2023) 13:15332. doi: 10.1038/s41598-023-42321-9 

 17. Abbas, FA, Michael, M, Bo, Z, Hussein, A, and Aristo, V. Brain-targeted autoimmunity is strongly associated with long COVID and its chronic fatigue syndrome as well as its affective symptoms. Psychiatr Clin Psychol. (2023):e6554. doi: 10.1101/2023.10.04.23296554

 18. Tom, A, Emanuel, W, Oliver, B, Andreas, H, Rebekka, R, Franziska, L , et al. Post-COVID exercise intolerance is associated with capillary alterations and immune dysregulations in skeletal muscles. Acta Neuropathol Com. (2023) 11:1662. doi: 10.1186/s40478-023-01662-2 

 19. Kronstein-Wiedemann, R, Tausche, K, Kolditz, M, Teichert, M, Thiel, J, Koschel, D , et al. Long-COVID is associated with impaired red blood cell function. Horm Metab Res. (2023) 26:8108. doi: 10.1055/a-2186-8108 

 20. Ivantsov, K, Lim, V, Kukes, I, Ternovoy, K, and Khripunova, O. Fatigue in patients with long COVID. Georgian Med News. (2023) 342:108–12.

 21. Yamamoto, Y, Otsuka, Y, Tokumasu, K, Sunada, N, Nakano, Y, Honda, H , et al. Utility of serum ferritin for predicting myalgic encephalomyelitis/chronic fatigue syndrome in patients with long COVID. J Clin Med. (2023) 12:144737. doi: 10.3390/jcm12144737 

 22. Maccarone, MC, Coraci, D, Regazzo, G, Sarandria, N, Scanu, A, and Masiero, S. Evolution of musculoskeletal symptoms in long COVID syndrome: a lexical analysis to approach requirements for an interdisciplinary management. Joint Bone Spine. (2023) 91:105623. doi: 10.1016/j.jbspin.2023.105623 

 23. Luca, C, Marcella, M, Donatella, S, Alice, T, Fabrizio, MG, Alberto, M , et al. A multi-center study investigating long COVID-19 in healthcare workers from North-Eastern Italy: prevalence, risk factors and the impact of pre-existing humoral immunity—orchestra project. Vaccine. (2023) 11:21769. doi: 10.3390/vaccines11121769

 24. Davis, HE, Assaf, GS, Mccorkell, L, Wei, H, Low, RJ, Re Em, Y , et al. Characterizing long COVID in an international cohort: 7 months of symptoms and their impact. Infect Diseases. (2021) 24:8802. doi: 10.1101/2020.12.24.20248802

 25. Osmanov, IM, Spiridonova, E, Bobkova, P, Gamirova, A, Shikhaleva, A, Andreeva, M , et al. Risk factors for post-COVID-19 condition in previously hospitalised children using the isaric global follow-up protocol: a prospective cohort study. Eur Respir J. (2022) 59:2101341. doi: 10.1183/13993003.01341-2021 

 26. Zhang, J, Perret, JL, Chang, AB, Idrose, NS, Bui, DS, Lowe, AJ , et al. Risk factors for chronic cough in adults: a systematic review and meta-analysis. Respirology. (2021) 27:36–47. doi: 10.1111/resp.14169 

 27. Kavalcikova-Bogdanova, N, Buday, T, Plevkova, J, and Song, WJ. Chronic cough as a female gender issue. Adv Exp Med Biol. (2016) 84:e182. doi: 10.1007/5584_2015_182

 28. Hajek, A, Neumann-Böhme, S, Sabat, I, Torbica, A, Schreyögg, J, Barros, PP , et al. Depression and anxiety in later COVID-19 waves across Europe: new evidence from the European COVID survey (ECOS). Psychiatry Res. (2022) 317:114902. doi: 10.1016/j.psychres.2022.114902 

 29. Rudenstine, S, Schulder, T, Bhatt, KJ, Mcneal, K, Ettman, CK, and Galea, S. Long-COVID and comorbid depression and anxiety two years into the COVID-19 pandemic. Psychiatry Res. (2022) 317:114924. doi: 10.1016/j.psychres.2022.114924 

 30. Zaouali, F, Chaouch, A, Boubaker, F, Bouchareb, S, Mrabet, HE, Ben Mabouk, A , et al. Organic and psychiatric symptoms of “long COVID” among tunisian patients: a cross sectional study. Eur Psychiatry. (2023) 66:S215–6. doi: 10.1192/j.eurpsy.2023.504

 31. Sirotiak, Z, Thomas, EBK, and Brellenthin, AG. Stress, anxiety, and depression severity among individuals with no history, previous history, or current history of long COVID. J Psychosom Res. (2023) 175:111519. doi: 10.1016/j.jpsychores.2023.111519 

 32. Sansone, D, Tassinari, A, Valentinotti, R, Kontogiannis, D, Ronchese, F, Centonze, S , et al. Persistence of symptoms 15 months since COVID-19 diagnosis: prevalence, risk factors and residual work ability. Life. (2022) 13:e97. doi: 10.3390/life13010097 


Copyright
 © 2024 Ruiyin, Qi, Tingting, Yuqin, Yan and Kun. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fpubh-12-1377866-t001.jpg
Characteristic Long COVID3 Long COVID6

Overall, NO, iEesy p-value® Overall, (\[e} Yes, p-value®
N=706° N=223 N=483 N=620" N=303 N=317"
Gender 0010 0026
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Year 35(28,43) 33 (27,41 35(29,44) 0010 35(28,44) 34(28,43) 36 (29, 45) 0.036
BMI 229(208,257)  227(20.6,258)  230(209,25.7) 0388 | 230(207,258)  230(207,258)  229(207,258) 0774
Culture 0701 0623

College lower 176 (25%) 52(23%) 124 (26%) 160 (26%) 75 (25%) 85 (27%)

College 413(58%) 131 (59%) 282(58%) 360 (58%) 175 (58%) 185 (58%)

College higher 117 (17%) 40 (18%) 77 (16%) 100 (16%) 53(17%) 47(15%)
Smoke_and_Drink 0.462 0347
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Diabetes 0412 0319

NO 674 (95%) 215 (96%) 459 (95%) 590 (95%) 291 (96%) 299 (94%)

Yes 32(45%) 8(3.6%) 24(5.0%) 30 (4.8%) 12 (4.0%) 18 (5.7%)

Heart diseases 0.446 0.069

NO 698 (99%) 222 (100%) 476 (99%) 612(99%) 302 (100%) 310 (98%)

Yes 8(11%) 1(04%) 7(1.4%) 8(1.3%) 1(03%) 7(22%)

Haematological 50999 0374
conditions

NO 701 (99%) 222 (100%) 479.(99%) 615 (99%) 302 (100%) 313 (99%)

Yes 5(0.7%) 1(04%) 4(08%) 5(0.8%) 1(03%) 4(13%)
copp 0999 0616

NO 703 (100%) 222 (100%) 481 (100%) 617 (100%) 301 (99%) 316 (100%)

Yes 3(0.4%) 1(04%) 2(04%) 3(05%) 2(07%) 1(03%)
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problems
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Yes 29 (4.1%) 5(22%) 24(5.0%) 27 (4.4%) 9(3.0%) 18 (5.7%)

Kidney problems 20999 0.499

NO 704 (100%) 223 (100%) 481 (100%) 618 (100%) 303 (100%) 315 (99%)

Yes 2(03%) 0(0%) 2(0.4%) 2(03%) 0(0%) 2(06%)

Immune system 50999 0,999
diseases

NO 703 (100%) 222 (100%) 481 (100%) 617 (100%) 302 (100%) 315 (99%)

Yes 3(04%) 1(04%) 2(0.4%) 3(05%) 1(03%) 2(0.6%)

Osteoarthrosis 0042 0043

NO 642(91%) 210 94%) 432 (89%) 562 (91%) 282(93%) 280 (88%)

Yes 64 (9.1%) 13 (5.8%) 51(11%) 58 (9.4%) 21(6:9%) 37(12%)

'n (%); Median (IQR).
"Pearson's Chi-squared test; Wilcoxon rank sum test; Fisher’s exact test.





OPS/images/fpubh-12-1377866-g003a.jpg





OPS/images/fpubh-12-1377866-g003b.jpg





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Long COVID outcomes following omicron wave in non-hospital population



		Introduction



		Methods



		Study design and participants



		Data management and outcome measurement



		Statistical analysis









		Results



		Discussion



		Limitations









		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		Footnotes



		References



















OPS/images/fpubh-12-1377866-g001.jpg
744 patients with mild to
moderate COVID-19

38 patients excluded
12 voluntarily refused
24 were unable to contact
2 abandoned for other reasons

706 participants completed the 3-
month follow-up

86 participants were not included
due to the reinfection

620 participants completed the 6-
month follow-up






OPS/images/fpubh-12-1377866-g002.jpg
b

ossse g &

P o O e I





OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Long COVID outcomes following
omicron wave in hon-hospital
population












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
& frontiers Frontiers in Public Health






