
COVID-19: DISTRIBUTION OF OUTCOMES AND THE RISKS ASSOCIATED WITH INACTIVITY.
Society and Exercise



There have been 24,569,895 confirmed cases of COVID-19 in the U.K. since the 3rd of January 2020, with 223,396 deaths to date (WHO, 2023a). Death has not been the only outcome of the pandemic as it is estimated that 1.9 million people are affected by long covid in the U.K. (ONS, 2023a). 
This essay will firstly describe the distribution of COVID-19 outcomes between different population groups in the U.K. Then it will describe and discuss evidence of associations between these outcomes and physical activity. Finally, it will talk about the implications and suggestions for research, and health promotion for risk reduction in the future. 
Data collection from the start of the pandemic has revealed inequalities in age, ethnicity, gender, deprivation, and geographical location (WHO, 2023b). These population groups have higher risks of catching the virus, suffering more severely and have higher rates of mortality (PHE, 2020a). 
Furthermore, hospital data collection of 20,133 patients from the first wave of the pandemic, exposed, that you are at higher risk of Covid-19 outcomes of critical care, mortality, and palliative care discharge, if you are male, older or have major comorbidities (Figure 1) (Docherty et al., 2020; ICNARC, 2023).
The largest inequality in COVID-19 outcomes was found in age. Increasing age was strongly correlated with mortality (Figure 2) (Williamson et al., 2020). People who were over 80 years old were seventy times more likely to die than those less than 40 years old (PHE, 2020b). 
Between the 6th of February and the 19th of April 2020, data from 34% of all hospital admissions, in England, Scotland and Wales, due to COVID-19, found that increasing age, even after adjusting for major comorbidity was a strong predictor for mortality. With the reference group as <50, in 50–59-year-olds, the Hazard Ratio (HR) was 2.63, in 60–69-year-olds the HR was 4.99, in 70–79-year-olds the HR was 8.51 and ≥80 years old the HR was 11.09 (Figure 1). The median age for death in hospital was 80 years old, though only 11% of those had no major comorbidity (Docherty et al., 2020; ICNARC, 2023). 
[bookmark: _Hlk133844436]Regarding long covid as an outcome, longitudinal studies have shown risk of long-lasting symptoms of long covid increased with age (Thompson et al., 2022). Data collected from Electronic Health Records (EHR) found there was a linear increase of risk of long covid up to the age of 70 years old (Thompson et al., 2022).
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Figure 1: Multivariable Cox proportional hazards model (age, sex, and major comorbidities) where hazard is death. Patients who were discharged were kept in the risk set (n=15 194; No of events =3911) (Docherty et al., 2020).
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Figure 2: Death hazard ratio in age fully adjusted for all covariates except ethnicity (Williamson et al., 2020).
Another disparity in COVID-19 outcomes is gender. The risk of dying from COVID-19 was higher in males than females (PHE, 2020). During the first wave of hospital admissions from the 6th of February to the 19th of April 2020, females had lower mortality rates than males in this cohort (HR 0.81) (Figure 1) (Docherty et al., 2020; ICNARC, 2023). 
Additionally, data from the Office of National Statistics (2021) confirmed this gender disparity (Figure 3). The mortality rate between the 9th of March and 28th of December 2020 was significantly higher in men with 31 deaths per 100,000 compared to only 17 deaths per 100,000 in women, this was even after standardising for age (ONS, 2021). 
[bookmark: _Hlk133847100]These outcomes on gender differences are consistent within data used from EHR from patients. Men were found at higher risk, with a HR of 1.59, of death than women (Figure 4) (Williamson et al., 2020). Interestingly though, regarding long COVID outcomes, females were at higher risk from long covid symptoms than males (Thompson et al., 2022).
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[bookmark: _Hlk133749557]Figure 3: Deaths registered weekly in England and Wales (ONS, 2021)

[image: Table

Description automatically generated]
Figure 4: Fully adjusted hazard ratio of death for age and gender (Williamson et al., 2020).

Regarding ethnicity, from the start of the pandemic, data has revealed disparity with those from Asian and Black backgrounds having higher mortality rates after controlling for confounding factors. They also had higher rates of invasive ventilation, which implied greater covid-19 severity within this cohort (Apea et al., 2021). 
Analysis from the 2nd of March to the 15th of May 2020, data showed mortality rates were highest for males from black ethnic backgrounds at 255.7 deaths per 100,00 and lowest for males of white ethnicity at 87 per 100,000 deaths. Black women were also at greater risk of death than white females. Even when adjusting for socio economic factors and geographical location, Black men were still at twice the risk of death as white men (ONS, 2020a).
Furthermore, Public Health England (2020a) in their review found after adjusting for gender, age, deprivation and geographical area, people of Bangladeshi ethnicity had twice the risk of death, compared to White British ethnicity. Comparisons to other Asian or Black ethnicity had between a 10% and 50% higher risk of death than White British (PHE, 2020a). Though importantly, the confounding factors of occupation, comorbidities, and obesity, which can affect the risk of infection and /or dying, were not included, so risk of death could be reduced in these groups (PHE, 2020a).
Furthermore notably, recent data has shown, since the omicron variant, (Figure 5) ethnic minority groups do not have a higher mortality rate than White British anymore. Furthermore, Black African, Black Caribbean, Chinese and other ethnic groups had lower death rates than the White British group (Figure 5) (ONS, 2023b). 
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Figure 5: Age-standardised mortality rates (ASMR) of deaths involving COVID-19 for those aged 10 to 100 years by ethnic group and sex, England: 24 January 2020 to 23 November 2022 (ONS, 2023b).

Another disparity in rates of diagnoses and death, was found in those living in the most deprived areas of England and Wales. The most deprived had more than double the mortality rate involving COVID-19 for both males and females (Figure 6 and 7) (ONS, 2020b; PHE, 2020b). Williamson et al. (2020) also found the greater the deprivation, the greater the risk of mortality, with a hazard ratio of 1.79 in the most deprived quintile compared with the least deprived quintile. 
Regarding the outcome of long COVID, in longitudinal studies, there was no evidence of an association with deprivation. Although in EHR there was a higher risk of long COVID in patients from the least deprived areas (Thompson et al., 2022).
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[bookmark: _Hlk133830291]Figure 6: Age standardised mortality rates, all deaths involving COVID-19, Index of Multiple Deprivation, England, deaths occurring between 1 March and 31 July 2020. The Impact of COVID-19 on the most deprived areas in England (ONS, 2020b).
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Figure 7: Age standardised mortality rates, all deaths involving COVID-19, Index of Multiple Deprivation, Wales, deaths occurring between 1 March and 31 July 2020 (ONS, 2020b).

Furthermore, disparities have also been found in geographical areas. The level of inequality between different areas, in COVID-19 mortality rates is much higher than in all-cause mortality, in prior years (PHE, 2020b). Urban areas had the highest diagnoses and death rates (Figure 8). London had the highest death rates for both males and females. The lowest rates of death were in the Southwest (Figure 9) (PHE, 2020b: ONS, 2020b).
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Figure 8: Age Standardised mortality rate of deaths involving COVID-19, Rural Urban Classification, deaths occurring between 1 March and 31 July 2020 (ONS, 2020b
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Figure 9: Age-standardised mortality rates for deaths involving the coronavirus (COVID-19), per 100,000 population, English regions and Wales, deaths occurring between 1 March and 31 July 2020 (ONS, 2020b).

Lastly, it is important to describe figures related to comorbidities and obesity, as both factors have emerged as a risk factor for COVID-19 outcomes. A range of comorbidities including diabetes, heart disease and respiratory disease, as well as obesity, are all associated with a higher risk of COVID-19 deaths (Figure 10) (Townsend, Kyle and Stanford, 2020; Williamson et al., 2020). 
In data from ICNARC (2023) out of 18525 patients only 22.5% had no major comorbidity (Docherty et al., 2020; ICNARC, 2023). Furthermore, it was reported that there is a higher risk of death for those with diabetes, with 21% of death certificates mentioning diabetes as well as COVID-19. Additionally, studies report an increase in poor outcomes in obese individuals (PHE, 2020b). Evidence also suggests that the increased risk of developing obesity and major comorbidities, is associated with physical inactivity (Cunningham and O’Sullivan, 2020; Huh, 2018; Lee et al., 2012). 
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Figure 10: Multivariable Cox proportional hazards model (age, sex, and major comorbidities), where hazard is death. Patients who were discharged were kept in the risk set (n=15194; No of events=3911) (Docherty et al., 2020).
Additionally, Physical Activity (PA) and exercise is helpful in improvement in metabolic disorders and chronic disease. Therefore, active compared to sedentary individuals should have less risk of developing comorbidities and the clinical conditions associated with severe COVID-19 outcomes (Dwyer et al., 2020; Huh, 2018). 
Physical inactivity has been recognized as the fourth leading risk factor for mortality globally (WHO, 2023c) and associated with 1 in 6 deaths in the U.K. (OHID, 2022). The recommended guidelines of PA per week is at least 150 mins of moderate exercise or 75 mins of vigorous exercise (Figure 11) (Chief Medical Officers’, 2019; WHO, 2023e).
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Figure 11: Recommended guidelines of PA per week for an adult (WHO, 2023e).

Being physically inactive was found to be the biggest modifiable factor for COVID-19 outcomes (Sallis et al., 2021). From 48,440 COVID-19 patients, data regarding levels of self-reported PA was collected and categorised into being consistently inactive (0-10 mins per week), some activity (11-149 mins per week) and consistently meeting guidelines (150+ mins per week) (Sallis et al., 2021). 
This was then linked to the risk of COVID-19 outcomes of hospitalisation, ICU admission and death. Higher odds for all three outcomes were found in those that reported to being consistently inactive, compared with those consistently meeting the recommended guidelines (Sallis et al., 2021). 
In the group who were consistently inactive, increased Odds Ratio (OR) of hospitalisation were 2.26 (95% CI 1.81 to 2.83), compared with those consistently meeting the guidelines. ICU admission the OR was 1.73 (95% CI 1.18 to 2.55) and death, the OR was 2.49 (95% CI 1.33 to 4.67) in those who were inactive compared to those meeting the guidelines. Even those patients doing some PA had less risk of the three outcomes than the patients who were consistently inactive (Sallis et al., 2021). Furthermore, this lower level of PA (active but below the guidelines of 150 mins a week) was again observed as having a protective relationship on COVID-19 (Hamer et al., 2020). 
In another study, data from 82,253 UK Biobank participants, found an association between PA and a lower risk of severe COVID-19 outcomes (Rowlands et al., 2021).
Outcomes of covid-19 in this study was either severe (a positive COVID-19 test result from hospitalisation or death), or non-severe (a positive COVID-19 test result in community setting). Associations between the outcomes, and moderate to vigorous PA (MVPA), total activity and intensity gradient were studied. Lower odds of severe COVID-19 were correlated with PA. The MVPA OR was 0.75, total activity OR was 0.83 and intensity OR 0.63 (Rowlands et al., 2021).
Therefore, a higher proportion of vigorous activity was associated with lower odds of both severe and non-severe outcomes. However, there was an association found between total activity and higher risks of a non-severe outcome, though the author acknowledges this may have been due to more exposure of the virus within the community (Rowlands et al., 2021).
More recently a meta-analysis to explore the association between hospitalisation, ICU admissions and death from COVID-19 patients and PA, found that PA decreased risks in all the outcomes (Rahmati et al., 2022). Furthermore, even those patients with lower intensity PA had comparable outcomes to those who engaged in MVPA, suggesting that any amount of exercise is beneficial (Rahmati et al., 2022). Further analysis showed that in terms of the type of exercise, resistance exercise, then endurance exercise was the most protective on hospitalisation and mortality risk (Rahmati et al., 2022). 
[bookmark: _Hlk134471318]Additionally, Chastin et al. (2021) found in their systematic review that habitual MVPA is associated with a 31% reduced risk of community acquired infectious disease and a 37% reduced risk of infectious disease mortality. Furthermore, regular MVPA is associated with enhanced immunity and could affect vaccination effectiveness (Chastin et al., 2021; Filgueira et al., 2021). Therefore, maintaining PA levels is important in mitigating the risks of severe COVID-19 outcomes by improving our immune system and by consequently improving the outcomes of chronic disease (Filgueira et al., 2021). 
Chastin et al. (2021) agrees that research suggests, regular exercise should be encouraged to strengthen the immune system and decrease the consequences of infectious disease. Furthermore, maintain that the PA current guidelines have a protective factor against infectious disease and there is likely a dose response relationship. However, argues that more research needs to be done on the time, frequency, and duration of PA regarding effects on the immune system (Chastin et al., 2021).
Therefore, those individuals with underlying health conditions are more compromised from the COVID-19 pandemic as it attacks the immune system. Consequently, daily exercise may boost the immune system mitigating these comorbidities that make them more vulnerable to severe COVID-19 outcomes (Siordia Jr, 2020). 
Chronic disease and obesity are contributing factors to poor COVID-19 outcomes. Therefore, sedentary, and physical inactivity in individuals should be addressed (Després, 2021) and recommendations to populations who live with major comorbidities, to engage in PA, should be encouraged to lessen these outcomes in the future (Filgueira et al., 2021).
The World Health Organisation (2023d) do state that those who meet the PA recommendations of 150 min of moderate to vigorous exercise per week have lower risks of severe covid outcomes than those who are consistently inactive (WHO, 2023d). Though regarding advice in the U.K., Public Health England (2020c) promote only the benefit of PA on preventing and managing chronic health conditions not on COVID-19 outcomes (PHE, 2020).
Furthermore, the government green paper is focussing on reducing health conditions in the population by encouraging them to be more active. It also states that the individuals themselves will be the creators in their own health and hope to equip individuals with the knowledge to be initiative-taking in this (DHSC, 2019; PHE, 2020). 
Therefore, Sallis et al. (2023) in their more recent paper argue that there is an urgent need for research to enable governments to promote strategies on health promotion on PA (Sallis et al., 2023). Cross sectional studies so far have indicated the benefits of PA on COVID-19 outcomes but are also prone to selection bias and confounding factors (Gualano, 2022). Research should be focussed on understanding cause and effect lifestyle factors to use in policy strategies to address not just COVID-19 outcomes but physical inactivity risks and comorbidities (Whitsel et al., 2023). 
Several areas that need to be investigated further are studies and trials on optimal PA recommendations such as time, frequency, and duration. Also, the effect of PA on transmission and reinfection of COVID-19 should be considered. More robust results would validate the implementation of Global and National Public Health promotion strategies, regarding evidence-based PA promotion to prepare public health in future crisis (Sallis et al., 2020; Sallis et al., 2023). 
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