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Frequency and distribution of Covid-19 outcomes; comparison of the risk in active and inactive populations.
























Covid-19 pandemic has become a major public health threat in many countries and to define the epidemiological data on Covid-19 cases and the spread of SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2), information relating to Covid-19 in the UK has been collected and regularly published by official government sources such as NHS, Office for National Statistics, Department of Health and Social Care and the New and Emerging Respiratory Virus Threats Advisory Group (Flynn et al., 2020). Moreover, the first identified cases in the UK were reported late January 2020, and the infection rates have been estimated that by the 3rd of June 7% of population in Great Britain have been infected and 7.1% of infections rates have been reported in England (95% CI:7.1, 7.2) compared to Wales which reported marginally lower percentage of 5.5 (95% CI: 5.3, 5.7) (Kulu and Dorey, 2021). The small variation between countries showed that the virus has spread all over Great Britain, nevertheless over 5 month period there was a significant difference between the regions of England where London had the highest number of deaths caused by Covid-19 (8,536) compared to total of 2,906 deaths related to Covid-19 in South West which appeared by the end of July 2020 (Caul, 2020). Therefore, the statistics suggested that infection rates increased with the increasing population density of the area and the level of deprivation (Caul, 2020). Overall, statistics provided by the Office for National Statistics (ONS) reported that Wales was registered with the lowest proportion of Covid-19 deaths occurring between 1st of March and 31st of July (Caul, 2020). Furthermore, UK-wide data reported that by 12th of August 2020 numbers have risen to 313,798 lab-confirmed cases and a total of 46,706 deaths confirmed within 28 days of the first positive test (Flynn et al., 2020). In addition, interesting information reported by ONS based on Covid-19 death registration between 2 March and 15 May 2020, reported that number of deaths in males at age between 9-64 and 65 and above in English, Welsh, Scottish, Northern Irish and British ethnic group was much higher compared to females in the same ethnic and age group (White and Nafilyan, 2020). Similarly, it has been found that males of black ethnic background had a statistically higher age-standardised mortality rate of Covid-19 death compared to males of any other ethnic background with a rate of 255.7 (95% CI) deaths per 100,000 people (White and Nafilyan, 2020). Additionally, a study carried out by Petermann-Rocha et al. (2020) using UK Biobank data reported relations between frailty associated with ageing and worse prognosis following Covid-19 infection resulting in hospital admission or death. Moreover, UK Biobank data included 383,845 participants in which 11,836 (3.1%) were considered as frail and 15,958 (4.1%) had moderate or severe frailty and when compared to robust individuals, both pre-frail (95% CI 1.46, 1.96) and frail individuals (risk ratio 4.05, 95% CI 3.15, 5.20) were older (60 and >70), and according to the study, they were associated with a four times higher risk of severe Covid-19 outcomes (death, hospitalisation) when adjusted by age and when compared to younger generation (Petermann-Rocha et al., 2020). Additionally, observational cohort study conducted at 10 UK hospitals, used the Clinical Frailty Scale (CFS) in order to analyse 1410 UK patients with Covid-19 and provide evidence on the effect on frailty and hospitalisation time, which after examining concluded that hospital admission to discharge was longer in frail and older patients (CFS 5-6 and 7-9) (Hewitt et al., 2020). However, some studies examining frailty and Covid-19 mortality will argue that frailty or age is not a good evaluation of Covid-19 prognosis and it is not known whether association between the two subjects differs between comorbid burden and age (Miles et al., 2020; O’Hare et al., 2021). More recent retrospective cohort study identified by Beaney et al. (2022) supports previous research and shows that individuals from older age group or greater socioeconomic deprivation and as well as males are categorised as a particular higher odds of hospitalisation risk and death. The study investigated 2,311,282 adults in England from 1 October 2020 to 30 April 2021, with a mean (SD) age of 44.3 (17.1) years who had a positive Covid-19 test result and has been associated with case fatality ratio (CFR) or case hospitalisation ratio (CHR) within 28 days of the positive test (Beaney et al., 2022). Beaney et al. (2022) evaluated that there was a significant difference in the 28th day of CHR and CFR by age group showing that for example, out of 1,007,474 people raging between 18-39 years, 2.0% (19,834) have been admitted to the hospital in which 429 died within 28 days and out of 85,193 adults age 80 or older, total of 39.5% (33,671) had a hospital admission and 32.4% (27,607) died. Additionally, when compered the odds ratios of death and hospital admission between males and females, it concluded that males had a 62% (95% CI: 1.58–1.65) higher odds of mortality and 41% (95% CI: 1.39–1.42) higher odds of hospital admissions compared to females, as well as all people living in the most deprived areas had higher odds of admission and mortality compared to people living in the least deprived areas (Beaney et al., 2022).

With the rapid spread of SARS-CoV-2 studies have investigated whether physical inactivity could be linked to a higher risk of different Covid-19 outcomes, as it is estimated that the global burden associated with physical inactivity results in a higher risk of all-cause and cardiovascular disease deaths (Katzmarzyk et al., 2022). A retrospective observational study conducted at Kaiser Permanente Southern California (KPSC) assessed the correlations between physical inactivity and severe Covid-19 outcomes, examining 48,440 adults with the virus diagnosis over the period of 2 years with three or more exercise vital sign (EVS) measurements (Sallis et al., 2021). Based on their self-reported physical category and the risk of intensive care units (ICU) admission, hospitalisation and death, the study concluded that being consistently inactive had a significantly higher risk of hospitalisation, ICU admission or death when compared to individuals meeting PA guidelines or doing some activity (Sallis et al., 2021). Moreover, the results showed that 8.7% were hospitalised, 2.5% admitted to ICU and 1.6% patients died of Covid-19 and those who were constantly inactive increased the odds ratio by 2.26 (95% CI 1.18, 2.83) of hospitalisation, 1.73 greater odds ratio (95% CI 1.18, 2.55) of intensive care unit admission and 2.49 greater odds ratio (95%CI 1.33, 4.67) for death compared to individuals who stayed consistently active (Sallis et al., 2021). Likewise, similar gradient appeared when consistently inactive patients were compared to group of patients who met some physical activity or were inconsistently active and the risk of hospitalisation was greater by 1.20 OR (95% CI 1.10, 1.32), greater OR of 1.32 (95% CI 1.09, 1.60) for death and ICU admission resulted in 1.10 greater OR (95% CI 0.93, 1.29) although, ICU admission was not statistically significant as the confidence interval met the line of null effect (Sallis et al., 2021). Similarly, a systematic and meta-analysis review examined the same subjects by comparing twelve studies in their qualitative synthesis in which 991,268 patients were physically active and 265,341 were inactive and resulted in similar effects showing that PA has a positive influence on decreasing the risk of Covid-19 outcomes (Rahmati et al., 2022). Additionally, all the outcomes were expressed with 95% CI and when the effect of any type of exercise was compared to inactive controls, the hospitalisation showed a reduced risk ratio (RR) of 0.58 (CI 0.46, 0.73), ICU admission was reduced by 0.65 RR (CI 0.52, 0.81) and mortality resulted in a reduced risk ratio of 0.47 (CI 0.38, 0.59) (Rahmati et al., 2022). Lastly, Steenkamp et al. (2022) concluded the same pattern on the results when evaluating the association between PA and COVID-19 outcomes and explained that out of 65 361 adults diagnosed with Covid-19, patients in the high physical activity category had 41% lower risk of ICU admission, a 42% lower risk of death and 34% lower risk of hospitalisation compared to patients in low activity category. 
With having all the information taken from cohort studies regarding benefits of physical activity on decreasing Covid-19 outcomes, it is vital to add that PA is known to produce chemicals responsible for improving immune functioning, reducing infections and decreasing inflammation as well as decreasing stress hormones resulting in higher levels of lymphocytes, NK cells, immature B cells and monocytes- the factors contributing in helping and preventing respiratory diseases caused by SARS-CoV-2 (Sallis et al., 2020; Da Silveira et al., 2021). Another important point to mention is the fact that although all the studies investigating the collaboration between physical activity and reduced covid-19 outcomes in patients diagnosed with the virus agreed on the results, they also agreed on the fact that in the early years of the pandemic there was not enough data to investigate effects of PA on Covid-19 and more education about PA and potential immune benefits were needed as well as determining biological mechanisms of the findings (Zhang et al., 2020; Da Silveira et al., 2021; Sallis et al., 2021; Rahmati et al., 2022; Steenkamp et al., 2022). To overcome this issue, most recent systematic review from 2023 searched ten articles in order to investigate and observe the possible relationship between exercise and beneficial outcomes for individuals with a positive Covid-19 test (Castoldi et al., 2023). Moreover, the study observed that PA could be a protection factor against COVID-19 describing that few of the studies in the review were examining the association between PA and cases of death due to the virus and investigated that sedentary habits increase the chance of death from SARS-CoV-2 and higher values of cardiorespiratory fitness (20th to <80th percentile and >80th percentile) had a lower risk of death, or there was a double higher risk of death when compared low aerobic capacity to moderate or high capacity (Castoldi et al., 2023). Additionally, moderate to vigorous PA demonstrated an odds ratio of 0.80 (CI 95%) as a protective factor against deaths related to Covid-19, as well as it increases resistance of respiratory muscle and improves immune response to respiratory viral antigens, thus, physical activity can be defined as a protective factor (Castoldi et al., 2023). Lastly, Castoldi et al. (2023) examined a randomized controlled trial who investigated a 2-week exercise protocol and summed up that moderate intensity physical exercises performed three times a week increase leukocytes and lymphocytes responsible for defence system against viruses which are fundamental in protecting against Covid-19. 
During the outbreak of Covid-19 many countries including United Kingdom invested in national campaigns in order to promote the importance of physical activity on peoples health during the pandemic, and the article written by Levinger and Hill (2020) summarises that two thirds of people reported that they considered exercise to be more important than ever during the Covid-19 outbreak believing that it not only helps with physical state but also helps with mental well-being which proves that national campaigns on TV, radio channels or social media have had a positive impact on peoples behavioural change. However, it is believed that even though campaigns can influence variety of health-related behaviours, it is essential for more government’s policies and more intensive and longer campaigns in order to maintain and sustain the positive outcomes (Levinger and Hill, 2020). 
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