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Abstract

:

Mortality of acute coronavirus disease (COVID-19) is higher in men than in women. On the contrary, women experience more long-term consequences of the disease, such as fatigue. In this perspective article, we proposed a model of the potential factors that might contribute to the higher incidence of post-COVID-19 fatigue in women. Specifically, psycho-physiological factors are features that might increase central factors (e.g., inflammation) and result in greater perceptions of fatigue. Furthermore, pre-existing conditions likely play a prominent role. This model offers a framework for researchers and clinicians, and future research is required to validate our proposed model and elucidate all mechanisms of the increased incidence and prevalence of post-COVID-19 fatigue in women.
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1. Introduction


Confirmed acute coronavirus disease (COVID-19) cases have exceeded 430 million globally and 78 million in the USA [1]. Importantly, the number of patients that experience persistent symptoms during recovery is rapidly growing [2,3]. Post-COVID-19 is a disorder that appears in people with a history of probable or confirmed severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection, usually 3 months from the onset of COVID-19, with symptoms that last for at least 2 months and cannot be explained by an alternative diagnosis (World Health Organization (WHO)).



Fatigue is one of the primary persistent symptoms, has been reported in 44–70% of patients [4,5,6], and is independent of the severity of initial COVID-19 infection (i.e., hospitalized vs. non-hospitalized patients) [7]. According to Rudroff et al. [8], post- COVID-19 fatigue can be defined as “the decrease in physical and/or mental performance that results from changes in central, psychological, and/or peripheral factors due to the COVID-19 disease”. Thus, post-COVID-19 fatigue is dependent on both conditional and psycho-physiological factors comprising the task, environment, and physical and mental capacity of the individual and the central, psychological, and peripheral aspects of the disease. Relevantly, post-COVID-19 fatigue can persist for 6 months or even longer [9].



Mortality from COVID-19 is higher in men than in women; on the contrary, women are more prone to experiencing long-term consequences, such as post-COVID-19 fatigue [10,11,12]. Younger women (≤50 years) report more often than men that they do not feel “recovered,” and indicate greater disability and worse fatigue [13]. Furthermore, Sigfrid et al. [13] found that female sex was associated with pain or discomfort, anxiety, and depression symptoms. In their LONG-COVID-Exp-CM Multicenter Study, Fernández-de-las-Peñas et al. [10] also described significantly higher reports of post-COVID-19 symptoms (fatigue, pain symptoms, anxiety, depression, and poor sleep quality) in women.



The results of the above studies beg the question, “why do women have worse outcomes than men?” One reason might be initial exposure because women tend to have occupations (e.g., education) where exposure to SARS-CoV-2 might be higher [14]. Though, recent data implies that teachers do not have greater contact than other working-age populations and there is developing indications of differing host responses to SARS-CoV-2 infection [15,16]. Furthermore, because women are more likely to survive acute SARS-CoV-2 infection than men [13], the greater prevalence of post-COVID-19 fatigue in women might be biased by more women surviving acute infection. However, more research is needed to investigate sex differences across several measures of disease severity; still, such investigations would benefit from considering if the greater prevalence of symptom severity might be a function of more women surviving acute infection.



The exact causes and potential contributors to post-COVID-19 fatigue in women are currently unclear. However, based on our post-COVID-19 fatigue model [9], this perspective paper highlights factors that might provide insight into the potential reasons why women are more prone to post-COVID-19 fatigue. Specifically, stress, anxiety, depression, pain, inflammation, and pre-existing conditions are potential candidates contributing to fatigue (Figure 1). However, and importantly, the reason of fatigue cannot be reduced to a single source and other factors might also contribute to post-COVID-19 fatigue.




2. Factors Contributing to Post-COVID-19 Fatigue in Women


2.1. Stress, Anxiety, Depression, and Pain


Many actions used to fight the pandemic, such as social distancing, quarantine, and isolation, have proven effective at slowing the spread of the virus, but these might also have unintended effects that intensify fatigue in recovering COVID-19 patients [17,18,19]. COVID-19-related fatigue can concurrently appear in an environment where depression, anxiety, and stress are also prevalent [17]. Feeling stress and anxiety about the pandemic and being physically inactive in quarantine, might result in increased fatigue. Gebhard et al. [20] found that continuing neuropsychiatric symptoms were significantly higher in women compared to men, indicating that women present a higher susceptibility to long-term neurological and mental health consequences of COVID-19. Women also reported higher domestic stress levels than men [20], indicating that increased stress at home might play a significant role in post-COVID-19 fatigue. More mental health consequences, especially higher stress levels and higher levels of anxiety and depression, were also reported in women who survived the SARS epidemic in 2003 [21]. Recent work has also revealed correlations between female sex, absent social support, and COVID-19-related post-traumatic stress disorder [22], signifying a greater emotional reactivity and stress reaction in women. Furthermore, previous cardiovascular studies suggested that marital and family stress is a strong risk factor for the development of atherosclerosis in women [23]. Accordingly, the significance of psychosocial interventions, with a focus on managing family-related stress in women, should be emphasized [24]. For post-COVID-19 fatigue and the contributing psychological factors reported to a physician, one must consider the potential for sex-related differences in how, and if, symptoms are reported and perceived, which might affect outcomes of interventions and studies.



Biological sex is also a relevant factor for depressive disorders and short- and long-term COVID-19 outcomes [25]. Depression is a psychiatric condition comprised of alterations in behavior, affect, and mood regulators [26]. Women have a greater frequency of risk factors that tend to amplify during a pandemic, including pre-existent depressive and anxiety disorders, consistent environmental stress, and domestic violence [27]. A great risk for neurological and psychiatric illness in the 6 months post-COVID-19 infection might occur, especially in patients who had severe COVID-19 symptoms [9,28]. For women in homemaker roles, the additional caretaking associated with childcare, home education, and caring for sick family members might result in greater mental distress and depression. Furthermore, working women with families might have less time to dedicate to work or professional development, which could lead to social discrimination. In single women who live alone, isolation and the decrease in social relations, together with concern over the potential economic crisis from the pandemic, may further expediate depression.



Stress, depression, and anxiety might also lead to lifestyle changes, such as unhealthy diets, sedentary behaviors, and eating or drinking to handle stress. These lifestyle changes affect men and women differently, with women more likely to develop a reliance on food craving to handle stress. Food craving is described as a greater consumption of fat- and sugar-rich foods that are highly associated with obesity, which is a well-known risk factor for COVID-19 and greater inflammation [27].



In addition, generalized pain (myalgia) is a common symptom endured by acute COVID-19 patients, with an estimated prevalence of 15% to 20% [29,30]. A multicenter study by Fernández-de-las-Peñas et al. [31] found that the occurrence of post-COVID-19 musculoskeletal pain 8 months post-discharge was 45.1%. Furthermore, the prevalence of de novo post-COVID-19 musculoskeletal pain was 74.9%, potentially associated with the presence of previous symptoms. The presence of myalgia and headache, a history of musculoskeletal pain, and female sex as COVID-19-associated symptoms as well as the duration of hospital stay were all significant risk factors. However, it is relevant to note that women also have a greater perception of pain than men [32].




2.2. Inflammation


Stress, anxiety, depression, pain, and post-COVID-19 fatigue seem to be co-occurring and potentially codependent; they also share the common risk factor of inflammation. COVID-19 can cause profound immune response alterations, which might be influenced by the sex of the patient [33]. Because many inflammatory disorders, which are common in women [34], are also intensified by psychological stress [35,36], sex differences in cytokine responses, such as interleukin-6 (IL-6), to stress may represent an important underlying mechanism [37]. IL-6 is a cytokine released by the immune system to help fight disease, but IL-6 also causes inflammation and has been associated with fatigue, stress, sleep [38], depression, pain, and mood disorders [39,40,41,42]. IL-6 is engaged in the development of fatigue in both autoimmune and non-autoimmune diseases. It is secreted during acute and chronic inflammatory responses by many cells, including endothelial, immune, and muscle cells. Thus, a major finding by Durstenfeld et al. [38] was that IL-6 was elevated among most of those with post-acute sequelae of COVID-19, with higher levels in women and in those with the central sensitization phenotype (e.g., fatigue, pain, depression, and anxiety) compared with the cardiopulmonary phenotype. In a study conducted by the Mayo Clinic Post-COVID-19 Care Clinic [39], several different clinical phenotypes were also observed. Fatigue dominance was the most frequent presentation and was linked with elevated IL-6 levels and female sex. Additionally, the majority of patients had a significant rise in IL-6. These patients—57% of the cohort—had high IL-6 levels up to three months after being infected with COVID-19. Jankoord et al. [43] found that women concomitantly displayed greater stalk median eminence (SME) content of IL-6 and greater HPA responsiveness to stress, thereby implying that IL-6 release from the SME is an integral factor contributing to enhanced stress responsiveness in women. Furthermore, their results indicated an association between IL-6 and adrenocorticotropic hormone (ACTH) release and a sex difference in this association. However, further research is required to clarify the role of IL-6 on post-COVID-19 fatigue in women and men (together and separately) and whether this cytokine might be a valuable biomarker of viral virulence. More work investigating the potential therapeutic use of blocking IL-6 might offer knowledge about controlling persistent viral infections and/or enduring post-infection fatigue.



Sex-specific differences in the regulation of the hormonal stress and inflammatory responses might also contribute to sexual dimorphism in COVID-19 [44]. This is reinforced by the fact that some diseases with an autoimmune context, such as rheumatoid arthritis, systemic lupus erythematosus, and Grave’s disease, show a predominance in women [45]. Sex hormones can regulate the immune reaction during infections; for example, higher testosterone levels have been linked with less antibody production [46]. In dealing with viral infections, the immune systems of women act differently than men, which create a stronger immune response and more efficient viral clearance [47]. In general, antibody production levels are higher in women than in men and this production tends to last longer [48]. Differences in the immune response of women can be related to sex hormones and factors related to the X chromosome. Estrogen modulates pro-inflammatory responses, and immune regulatory genes are located on chromosome X [49]. Thus, it can be assumed that the cytokine storm linked to immune dysregulation might occur less in women. However, concrete evidence of immunological differences in men and women with SARS-CoV-2 infection is still elusive. Furthermore, from a biological perspective, Stewart et al. [50] proposed the asymmetry in risk and outcomes between the sexes and an overlap of long COVID symptoms [51] with perimenopause and menopause [52], indicating that sex hormone differences are a relevant target for future study. Furthermore, the higher prevalence of long COVID in women ≤ 50 years old [13] might be an important factor as the mean age of natural menopause is 51 years [53].




2.3. Pre-Existing Conditions


As described by Rudroff et al. [9] the physical and mental capacity (e.g., pre-existing conditions) of the individual are important elements of fatigue in COVID-19 survivors. Pre-existing conditions, such as asthma, which is more common in women than in men, have been reported to further increase the risk of developing so-called long COVID [54,55]. As indicated by van Herck et al. [55], fatigue is highly prevalent in patients with asthma. Gebhard et al. [20] also reported a link between a pre-existing diagnosis of mental illness and the occurrence of post-COVID-19 syndrome in women, but not in men. This sex-specific association might be related to the higher incidence of mental illness in women. Additionally, preliminary data indicate that dysfunctional immune cells with an autoimmune phenotype are present in patients with post-COVID-19 syndrome, especially in those with permanent neurological symptoms [56,57]. Fatigue is also a common symptom in other comorbidities (compounding conditions) such as diabetes, cancer, cardiovascular disease, congestive heart failure, hypertension, chronic kidney disease, and chronic obstructive pulmonary disease (COPD). Thus, these pre-existing conditions might contribute to post-COVID-19 fatigue, especially in women.





3. Conclusions and Future Directions


Fatigue has been identified as one of the most common debilitating symptoms reported by post-COVID-19 patients. Women are at a higher risk for developing long-term post-COVID-19 fatigue and fatigue-related symptoms such as stress, anxiety, depression, and pain than men. In this perspective paper, we described factors that contribute to post-COVID-19 fatigue in women. However, we recognize that this list is far from complete; our model is hypothetical and further research is required to clarify all mechanisms of post-COVID-19 fatigue in women and to validate our proposed theory. To this end, research studies should focus on distinctly defined outcome variables that contribute to fatigue.



It is important to note that fatigue is a symptom that can only be assessed by self-report [58,59,60]. Clinically, fatigue is most often measured with questionnaires that require respondents to estimate their capacity to perform several physical, cognitive, and psychosocial tasks, usually in reference to a pre-disease or condition state. These retrospective estimates provide a measure of perceived fatigability. Questionnaires are also used for the estimation of fatigue-related factors, such as stress, anxiety, pain, and depression. Thus, in addition to perceived fatigability, information on performance fatigability [9,61] (magnitude or rate of change in performance) in post-COVID-19 women is required. For example, a pilot study by Workman et al. [62] indicated that perceptions of fatigue, but not performance fatigability, play a dominant role in post-COVID-19 patients who suffer from persistent fatigue symptoms. Thus, including both measures in fatigue studies can help disambiguate these different aspects of fatigue. In addition, long-term longitudinal studies are needed to fully understand the sex-related pathophysiology of fatigue and the effects of pharmacological and non-pharmacological treatments associated with post-COVID-19 fatigue. Furthermore, how vaccination and new variants of SARS-CoV-2 influence sex differences in post-COVID-19 fatigue symptoms may be an important topic to investigate. These studies are necessary to understand the natural trajectory of post-COVID-19 fatigue in women and men and to apply targeted treatment strategies.
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Figure 1. A proposed model for contributors to the increased prevalence of post-COVID-19 fatigue in women. Fatigue is greatly affected by the interactive changes in psycho-physiological factors (stress, anxiety, depression, and pain), central factors (inflammation, sex hormones), and by pre-existing conditions. 
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