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Deze masterproef is (ten dele) tot stand gekomen in de periode dat het hoger onderwijs onderhevig was aan een lockdown en beschermende maatregelen ter voorkoming van de verspreiding van het  COVID-19 virus. Het proces van opmaak, de verzameling van gegevens, de onderzoeksmethode en/of andere wetenschappelijke werkzaamheden die ermee gepaard gaan, zijn niet altijd op gebruikelijke wijze kunnen verlopen. De lezer dient met deze context rekening te houden bij het lezen van deze masterproef, en eventueel ook indien sommige conclusies zouden worden overgenomen.

This master's thesis came about (in part) during the period in which higher education was subjected to a lockdown and protective measures to prevent the spread of the COVID-19 virus. The process of formatting, data collection, the research method and/or other scientific work the thesis involved could therefore not always be carried out in the usual manner. The reader should bear this context in mind when reading this Master's thesis, and also in the event that some conclusions are taken on board.










Samenvatting

Achtergrond: Frailty kent een hoge mortaliteit en is één van de grootste bedreigingen voor onze vergrijzende bevolking. Frailty, maar ook de daaraan gerelateerde disregulatie van het immuunsysteem, immunosenescentie, en inflammatie staan daarom in de weg van gezond ouder worden. Recent onderzoek duidt lichaamsbeweging aan als mogelijke oplossing om deze leeftijdgebonden veranderingen tegen te gaan, echter vaak door gebruik te maken van specifieke dosis-respons interventies. 

Doel: Het doel van deze studie was om na te gaan of fysieke activiteit uitgevoerd tijdens dagdagelijkse activiteiten, zoals wandelen of strijken, ook een rol zou kunnen spelen bij het optreden van (pre-)frailty, immunosenescentie en inflammatie in 80-jarigen. 

Resultaten: Driehonderd en negen deelnemers van de BUTTERFLY-studie, een cohort studie in zelfstandige 80+’ers die robuust of pre-frail zijn, werden in de studie geïncludeerd. 144 deelnemers (46.60%) waren pre-frail. Ouder zijn (p<.001) en tot het mannelijke geslacht behoren (p<.001) droegen significant bij tot het pre-frail zijn. Robuust of pre-frail zijn was echter niet geassocieerd met fysieke activiteit in onze populatie. Fysiek actief zijn was geassocieerd met lagere percentages CD8+CD28+CD57- (naïeve) en hogere percentages CD8+CD28-CD57- (memory) cel fenotypes, behalve in mannen. In mannen was actief zijn gecorreleerd met minder CD8-CD28+CD57- (naïeve) T cellen. Tenslotte was actief zijn geassocieerd met lagere levels van inflammatoire merker C-reactive protein (CRP) in vrouwen. 

Besluit: Deze studie draagt bij tot de algemeen aanvaarde consensus dat pre-frailty vooral mannen treft en geassocieerd is met veroudering. Dit onderzoek toonde ook aan dat fysieke activiteit geassocieerd is met specifieke T-cel fenotypes en inflammatoire merker CRP in vrouwen.



Abstract 

Background: Frailty and its associated mortality risks are one of the major concerns regarding our aging population.  Together with immunosenescence, an aging-associated dysfunction of the immune system and inflammation, frailty seriously threatens healthy ageing. Growing evidence indicates that physical exercise may counteract these age-related immune changes. However, this was evidenced in a dose-response using specific interventions.

Aim: The aim of this study was to investigate whether physical activity performed during daily life activities (such as walking, household and/or gardening) could also interfere with (pre-)frailty, immunosenescence and inflammation in people aged 80 and over.

Results: Three hundred and nine participants of the BUTTERFLY-study, a cohort study in well-functioning subjects aged 80+ who are robust or pre-frail, were included in this study. From included participants, 144 (46.60%) were pre-frail. Being older (p<.001) en being a man (p<.001) contributed significantly to pre-frailty. No associations were found between (pre-)frailty and physical activity in our population. Physical activity was associated with a lower percentage of CD8+CD28+CD57- (naïve) and a higher percentage of CD8+CD28-CD57- (memory) immunosenescence phenotypes, except in men. In men, physical activity was correlated with lower counts of CD8-CD28+CD57- (naïve) T-cells. Additionally, a higher physical activity profile was associated with lower C-reactive protein (CRP) levels, an inflammation marker, in women.

Conclusion: Our analysis supports the view that pre-frailty affects more men than women and that pre-frailty is associated with aging. Moreover, our study was able to show associations between physical activity and specific T-cell phenotypes and inflammatory marker CRP, except in men.


Introduction

Over the past decades, the group of people aged 80 and over has emerged as the fastest growing group within our society. The World Health Organization even expects this demographic group to triple to 426 million by 2050 1. Unfortunately, becoming older does not necessarily go hand-in-hand with healthy ageing 2 as up to 60% of older people is confronted with the consequences of frailty 3. Frailty is a geriatric syndrome that consists of an aging-associated decrease in reserve capacity and a decreased resistance to stressors4. The state of increased vulnerability it generates ultimately leads to high risk for poor health outcomes, including disability, falls, hospitalization and even death 5. 

Although the underlying pathophysiology of frailty is not completely understood yet, there are strong indications for the involvement of immunosenescence, as evidenced by recent research 6,7. Immunosenescence is an aging-associated dysregulation of the immune system that leads to an increased susceptibility to auto-immunity and infections, but also to a reduced vaccination response 8. This dysregulation can take place at different levels of the immune system as aging causes alterations in immune cells, but also in lymphoid organs and circulating factors 9. Immunosenescence not only affects the innate, but also the more specific adaptive immunity. This is characterized by a shift in T cell phenotypes, namely from naïve - dealing with newly encountered antigens -  to memory and senescent T-cells 10. Senescent T cells are dysfunctional immune cells. Having lost expression of co-stimulatory molecule CD28 and having shortened telomeres, they are unable to divide and are resistant to apoptosis 11. Additionally, their senescence-associated secretory phenotype (SASP) is responsible for the secretion of pro-inflammatory cytokines, contributing to a low-grade pro-inflammatory state referred to as ‘Inflamm-aging’ 12-14. Although recent literature suggests that immunosenescence and inflammaging should be considered as two separate states 15,16, it is the combination of these two states that makes aging the most important risk factor for the most common chronic diseases because of their contribution to low-grade inflammation 17. Moreover, inflammaging has also been reported to be associated to frailty 15. 

With ageing currently being an important demographic challenge, it is crucial to consider the impact of immunosenescence and inflammation on frailty and the associated negative health outcomes on the elderly this may give rise to. Therefore, different approaches have already been proposed to try to tackle immunosenescence, inflammation and frailty; physical exercise being one of them. 

In the last years, beneficial effects of physical exercise on immunosenescence 18,19, frailty 20-22 and inflammation-status 23,24 have already been evidenced.  However, this was evidenced in a dose-response using specific interventions. In contrary, evidence regarding the role of physical activity, performed during daily life activities such as household or gardening by the oldest old population is sparse. Peterson et al. showed in 2010 that sedentary elderly had increased odds of developing frailty whereas individuals with an active lifestyle did not 25. More recently, Rogers et al. showed that mild physical activity (including vacuuming and laundry) could not reduce the progression of frailty, while moderate physical activity (including washing the car and gardening) could, but in particular age groups only (65 years and above). Vigorous activity (including running and swimming) could also reduce the progression to frailty in older adults (even in adults aged 80 and over) 26. Although some studies have studied the effect of physical activity on immunosenescence 27,28 and inflammation 29,30 stating some positive effects of physical exercise, there is a need for studies investigating frailty, immunosenescence and inflammaging in one cohort of older persons. While these mentioned studies suggest that physical activity could play a role in halting the progression of frailty, immunosenesence and inflammation, they also show that collected evidence is still equivocal and highly dependent on the targeted age group. In this study, we therefore aimed to identify whether physical activity performed during daily life activities is associated with pre-frailty, immunosenescence and inflammation, specifically focusing on people aged 80 years and over. 

Results

Descriptive statistics
From the 309 included participants, 144 (46.60%) were pre-frail. Pre-frail older adults were significantly older (p<0.001), had a higher body weight (p=.043) and Body Mass Index (BMI) (p=.042) (Table 1A and Supplementary table 1A). Our study included 103 pre-frail men (71.53%) versus 41 women (28.47%). In general, men had higher grip strength compared to women (p<.001). Moreover, men also spent less hours a week performing daily life activities, as depicted by the YPAS Time summary index in hours a week (p<.001). This difference in physical activity level could also be observed in robust elderly (p=.008), but not in pre-frail ones (p=.106). In general, men smoked more than women (p<.001). Women had a lower acetylsalicylic acid intake compared to men (p=.004). This was also seen in the robust elderly (p=.003), but was not observed in the pre-frail group (p=.342) (Table 1B and supplementary table 1B).

Association between frailty-status and physical activity 
In order to determine whether physical activity could have an impact on frailty-status, we firstly performed a bivariate correlation (Pearson) to determine whether there was a correlation between these two variables. No correlation was found between frailty-status and total hours performing physical activity, determined by the YPAS total time summary index (p=.062) and the YPAS energy expenditure summary index, an index multiplying the time spent on each activity by an intensity code specific to that activity (p=.269) (Table 2A). Next, we performed a binary logistic regression with frailty-status as dependent variable. Being a men and higher age were the greatest predictors for pre-frailty in our sample and explained 20,5% of the observed variances (Table 3). 
When looking at men only, the two physical activity parameters were not correlated to frailty-status (Table 2B). Although age (p=.001) and height (p=.001) were both correlated to frailty-status, inclusion of both variables in our binary regression did not lead to a significant predictive model. 
Similar observations were made in women as no correlations between frailty-status and physical activity could be found (p-values of respectively .271, .319) (Table 2C). Age was the only significant predictor for frailty-status in women (p=.002).

Association between T-cell phenotypes and physical activity
Considering the established impact of physical exercise on T-cell phenotypes, we investigated whether physical activity performed during daily life activities was associated to these phenotypes. Firstly, we investigated possible correlations between physical activity and T-cell phenotypes using bivariate correlation (Pearson). There was a negative correlation between YPAS total time summary index and percent CD8+CD28+CD57- (naïve) cells.  Additionally, the percentage of CD8+CD28+CD57- (naïve) cells was also negatively correlated to YPAS energy expenditure summary index (Table 2A). When performing a linear regression for this phenotype, no other variables could significantly contribute to a predictive model for percent CD8+CD28+CD57- (naïve) cells. The negative association observed between the CD8+ naïve phenotype and physical activity parameters was also seen in women (Table 2C). In this group, score on the Charlson comorbidity index also contributed significantly to our predictive model (Table 4A). However, in men, no correlation between physical activity and the naïve CD8+ phenotype could be found. Only CRP-levels were significantly negatively correlated to this phenotype in men (Table 2B).  In contrast, in a sub study encompassing absolute counts of T-cell phenotypes, no correlations could be found between physical activity parameters and absolute counts of CD8+CD28+CD57- (naïve) cells in our total sample, in women and in men (Table 2D,E and F). In both the total population and women, anti-inflammatory drug intake and having an inflammatory disease were correlated to the absolute counts of naïve CD8+ cells (Table 2D and F) but these two variables could not be combined into a significant predictive model.  In men, no significant correlations were found (Table 2F).

Next, we found a positive correlation between YPAS energy expenditure summary index and percent CD8+CD28-CD57- (memory) cells (Table 2A). In the total sample, our predictive model included the YPAS expenditure summary index, but also CRP levels as they contributed significantly to our model for the CD8+ memory phenotype (Table 4B). This positive correlation between the YPAS energy expenditure summary index  and percent CD8+ memory was again also observed in women (Table 2B), but not in men (Table 2C). In women, a positive correlation between YPAS energy expenditure summary index and percent CD8+CD28-CD57- (memory) cells was also observed. Furthermore, the Charlson Comorbidity Index was also correlated to this phenotype (Table 2C), but the combination of both variables in one regression did not lead to a significant predictive model for the CD8+ memory phenotype. In men, cardiac impulse and CRP levels, but not physical activity parameters were positively correlated with this phenotype (Table 2B), but their combination was not significant anymore in our linear regression. No correlations could be found between physical activity parameters and absolute counts of CD8+CD28-CD57- (memory) cells. Similar to the CD8+ naïve phenotype, anti-inflammatory drug intake and having an inflammatory disease were correlated to the absolute counts of memory CD8+ cells in both the total population (Table 2D) and women (Table 2F), but these two variables could not be combined into a significant predictive model.  In men, no significant correlations were found (Table 2E).

No correlations were found between physical activity and percent CD8+CD28-CD57+ or CD8+CD28+CD57+ senescent-prone phenotypes. Moreover, no predictive equation could be made for the CD8+CD28-CD57+ and CD8+CD28+CD57+ senescent phenotypes as none of the included independent variables were correlated to this phenotypes (Table 2A, B and C). Similarly, no  correlations between physical activity and absolute counts of CD8+CD28-CD57+ or CD8+CD28+CD57+ senescent-prone phenotypes were found (Table 2D, E and F). A predictive model for absolute counts of CD8+CD28-CD57+ in our total sample and in men could not be formulated as no significant correlations were found between this senescent phenotype and included variables (Table 2D and E). In women, however, a positive correlation with anti-inflammatory drug intake could be found (Table 2F). Similarly to CD8+CD28-CD57+, no predictive model for absolute counts of CD8+CD28+CD57+ cells could be formulated in men. In women, anti-inflammatory drug intake and presence of an inflammatory disease were positively correlated to absolute counts of CD8+CD28+CD57+ cells (Table 2F). Combination of both variables in a linear regression did not lead to a significant predictive model for this phenotype. In our total sample, anti-inflammatory drug and acetylsalicylic acid intake contributed significantly to our predictive model for the absolute counts of CD8+CD28+CD57+ cells (Table 4C).

Additionally, no correlations were found between percent CD8-CD28+CD57- (naïve) and physical activity parameters (Table 2A). Moreover, no predictive model could be made in women due to the lack of significant associations (Table 2B). However, this phenotype was significantly associated with the Charlson comorbidity index and CRP levels in the total population sample (Table 4D) and in men (Table 4E). In contrast, a negative correlation was found between the absolute counts of CD8-CD28+CD57- (naïve) cells and the YPAS total time summary index in men (Table 2E).  This was not the case for the total population (Table 2D), nor for women (Table 2F). While no variables could be significantly correlated to this phenotype in women (Table 2F), levels of CRP were negatively correlated with counts of CD8- memory phenotype in our total sample (Table 2D). 

Next, associations between percent CD8-CD28-CD57- (memory) cells and physical activity were investigated. No significant correlations were found (Table 2A, B and C). Percentage of CD8-CD28-CD57- (memory) T-cells was positively correlated to CRP in the total population (Table 2A), in men (Table 2B) and in women (Table 2C). In women, the presence of an inflammatory disease was also significant within our predictive model (Table 4F). Similarly, no correlations were found between absolute counts of CD8-CD28-CD57- (memory) cells and physical activity parameters (Table 2D, E and F). In the total sample, our predictive model for this phenotype consisted of the combination of CRP levels and the presence of an inflammatory disease (Table 4G). No significant predictive model could be made for absolute counts in men and women, although this phenotype was positively correlated with CRP, anti-inflammatory drug intake and the presence of an inflammatory disease in women (Table 2F). 

Additionally, percent and absolute counts of CD8-CD28-CD57+ and CD8- CD28+CD57+ senescence-prone cells and physical activity were not correlated with physical activity paramters (Table 2). A positive correlation between the Charlson comorbidity index and percent CD8-CD28-CD57+ cells in both the total sample (Table 2A) and in men (Table 2B) was found. As none of independent variables in our regression were significant, no predictive model could be made for women (Table 2C). Absolute counts of CD8-CD28-CD57+ cells were also associated with the Charlson comorbidity index, but also to anti-inflammatory drug intake in the total sample (Table 2D). No significant variables were found in men (Table 2E) and women (Table 2F). Percent CD8-CD28+CD57+ was only negatively associated with BMI (Table 2A) in the total sample and with bodyweight in women (Table 2C). No predictive equation could be formulated for men as no significant correlations were found (Table 2B). Absolute counts of CD8-CD28+CD57+ cells were negatively correlated to weight in our total sample (Table 2D). No significant correlations were found in men and women (Table 2E and F). 

Lastly, no correlations were found between the CD8-/CD8+ ratio and physical activity parameters (Table 2D, E and F). In our total sample (Table 2D) and in men (Table 2E), no predictive model could be formulated due to the lack of significant associations with included variables. However, a negative correlation with the charlson comorbidity index was found in women (Table 2F).

Association between inflammation and physical activity
In order to establish possible correlations between C-reactive protein (CRP), an inflammatory marker, and physical activity,  we firstly performed a bivariate correlation analysis (Pearson). No significant correlations were found between CRP levels and YPAS Time Summary Index and YPAS Expenditure Summary Index (Table 2A). Percentages of CD8+CD28-CD57- (memory) and percent CD8-CD28-CD57- were positively correlated to CRP while percent  CD8-CD28+CD57- (naïve) was negatively correlated to CRP-levels in our population. Moreover, CRP was also negatively correlated to absolute counts of CD8-CD28+CD57- (naïve) and positively correlated to CD8-CD28-CD57- (memory) cells. (Table 2E). 
In men, no correlations between CRP and physical activity parameters were found (Table 2B). However, positive correlations were found between CRP levels and the presence of an inflammatory disease, the intake of inflammatory drugs, CD8+CD28-CD57- (memory) and CD8-CD28-CD57- (memory) cells. Negative correlations were found between percentages of CD8+CD28+CD57- (naïve) , CD8-CD28+CD57- (naïve) cells and CRP (Table 2B). Having an inflammatory disease and higher percentages of CD8- memory cells were significant predictors for CRP (Table 5A). 
In contrast to the total sample and men, a negative correlation between CRP levels and YPAS total time summary index and YPAS energy expenditure summary index was found in women (Table 2F). Our predictive model showed that being more physically activity was associated with lower CRP levels and having a higher percent of CD8-CD28-CD57- (memory) cells was significantly associated with higher CRP levels in women (Table 5B). Additionally, CRP levels were also positively correlated to CD8-CD28-CD57- (memory) cells (Table 2F).

Discussion

Recent studies seem to support the view that physical exercise could interfere with incident frailty, immunosenescence and inflammation. However, this was mostly evidenced in young or middle-aged adults in a dose-response using highly specific interventions. One could wonder to what extent the results collected in adults can be extrapolated to the oldest old in our population, who most suffer from these mainly age-related conditions. Although some studies25,26 27-30 have described the effects of physical activity in older adults, this is still at an early stage and collected evidence is still sparse and equivocal. Therefore, this study based on baseline data of the BUTTERFLY-cohort was the perfect set-up to shed the light on the effects of physical activity on frailty, immunosenescence and inflammation in people aged 80 and over. 
 
In this study, including 309 community-dwelling persons aged 80 and over, we reported no significant associations between physical activity parameters and frailty, even when stratified by age. However, as suggested by Higueras-Fresnillo et al., physical activity may also benefit older people in other ways, such as by compensating for mortality risks in people who are already frail. 33 Therefore, other scales assessing the mortality risks, such as the Elixhauser comorbidity index 34 perhaps should be included in this model as an addition to the Charlson comorbidity Index, because it includes several predictors of outcome that are not commonly measured, such as mental disorders and drug and alcohol abuse. Furthermore, different studies assessed the effect of physical activity in halting the progression toward frailty 26, something that could not be investigated based on baseline data solely. As the BUTTERFLY-study includes 5 assessments over a period of two years, follow-up of robust and pre-frail participants will enable us to determine whether physical activity is able to halt the progression to respectively pre-frailty or frailty in the future. Lastly, discrepancies between results of other articles could be related to the definition of frailty and the type of questionnaires that were used or the types of physical activities that were recorded. 

Next, our study was able to provide evidence for the effect of physical activity on percentages of CD8+CD28+CD57- (naïve) cells in our total sample and in women. In men, no association with physical activity could be observed. Similar results were also observed in our regression analysis with CD8+CD28-CD57- (memory) phenotype as dependent variable. Again, physical activity was only associated with this immunosenescence marker in our total sample and in women, but not in men. This may be related to the fact that women spent more hours a week performing physical activity compared to men. Indeed, a possible explanation may be that a certain threshold of physical activity has to be reached in order to affect immunosenescence markers, which in this case would be reached by women, but not by men. 
Unexpectedly, as physical activity increased, the percentage of CD8+ naïve cells decreased while the percentage of CD8+ memory cells increased. In men, absolute counts of CD8- naïve cells also decreased as physical activity increased. Furthermore, no effects of physical activity on senescent-prone phenotypes could be observed. Following Simpson et al. hypothesis35, we would however have expected an increase in naïve phenotypes and a decrease in more differentiated memory and senescent-prone phenotypes. Indeed, it is assumed that an acute bout of exercise causes a mobilization of highly differentiated and senescent T cells from the peripheral tissues to the bloodstream where after these cells are removed by apoptosis. This may alleviate immunosenescence, and could leave a vacant space, ready to home naïve T cells that react to new antigenic threats35. The physical activity levels performed by the participants included in our study were probably not sufficient to mimic effects triggered by physical exercise.  Noteworthy, recent literature suggests that the effects of aging should not only be considered as a deterioration, but rather as adjustment dictated by the changes in an individual’s environment. For example, as most pathogens will be encountered during early life, resources will mainly be invested in protection against those encountered antigens from the local environment rather then in the maintenance of a broad naïve antigen repertoire. Therefore, it may be wrong to solely focus on altering the immune system of the aged towards the system of young adults, as proposed by Pawelec 15. 
Furthermore, our model probably would have benefitted from the inclusion of cells subsets derived from the innate immunity, such as NK-cells given their important role in the initiation of immune responses36, because of the previously observed effect of physical activity on these innate immune system subsets 27,28. 
Although obtaining the highest R square to explain observed variances was not the primary goal of our models, we could only observe that in most cases, included variables could not account for high percentages of variances. This indicates that although our study included many pertinent confounding factors, there is still room for improvement and more variables could have been included, such as the presence of cytomegalovirus (CMV)37.

Regarding physical activity and inflammation, our study showed no association between physical activity parameters in our total sample size and in men. However, there was an association between CRP levels and YPAS total time and expenditure summary index in women: performing physical activity had a lowering effect on the levels of CRP. These sex differences may be explained by the fact that women spent more hours a week performing physical activity compared to men in the total participants’ population. Inclusion of more inflammation markers related to inflammaging, such as pro-inflammatory cytokines IL-1, IL-2, IL-6, IL-12, IL-15, IL-18, IL-22, IL-23, TNF-α, IFN-γ 38, may therefore be beneficial. For this master thesis, we did not quantify those cytokines. This will be performed at a later time-point in de BUTTERFLY-study, when serum will have been collected from all of the five assessment periods. This will enable simultaneous determination of cytokines from different samples, reducing intra- and inter-assay variability related to measurement of cytokines from the same participants at different time points, using different stock solutions etc.  

Of the 309 participants included in this study, 46.60% were pre-frail. The observation that pre-frailty mostly affected men and was associated with aging, was consistent with literature 3. Age and gender were also the best predictors of frailty in our model and their combination solely could account for 20,5% of the observed variances. Addition of confounding factors such as smoking habit, cardiac impulse, inflammatory disease, anti-inflammatory drugs or comorbidity did not significantly improve our model. Furthermore, CD8+ and CD8- naïve, memory, senescent phenotypes and the ratio of CD8-/CD8+ were also not associated with frailty. This may be due to the fact that immunosenescence is a broad concept and cannot be reduced to a change in phenotype only. Indeed, immunosenescence also has effects on the innate immune system, such as the alterations of Toll-like receptor (TLR) functions, pattern recognition receptors able to upregulate various pro-inflammatory cytokine responses on monocytes and macrophages, but also alteration of function of neutrophils or changes in cytotoxicity of NK-cells 17,31. Therefore, taking changes in the innate immune system into account and including it in our model would possibly lead to a higher predictive value.
In the BUTTERFLY-study, high-functioning persons aged 80+ who were not frail were specifically recruited. Therefore, it is very likely that the recruited pre-frail participants were still at the very early stages of (pre-)frailty; thus blunting the contrast between robust & pre-frail. Additionally, it is important to keep in mind that the definition of frailty is still evolving. Recent studies describe frailty as a multidimensional syndrome, not only encompassing physical, but also psychosocial factors 3. Addition of psychosocial factors such as depressive symptoms, quality of life or resilience 32 to our model could thus potentially increase the predictive value of our model. 

The results of this study should be interpreted with regards of it’s limitations. As mentioned before, the BUTTERFLY-study specifically recruited highly functioning older persons, including only robust and pre-frail elderly, presumably at an early stage of pre-frailty. Inclusion of these highly functioning older adults may therefore have masked some relationships in our predictive models.  Additionally, pre-frailty was assessed using the Fried frailty index, not taking psychosocial factors into account. Furthermore, immunosenescence was characterized by its change in T-cell phenotypes. Including effects of immunosenescence on the innate immune system would perhaps have offered a broader picture. However, it is also possible that physical activity performed during daily life activities was simply not enough to reach significant effects. As described earlier, inflammation was assessed through C-reactive protein. Addition of more inflammatory factors could be beneficial to investigate the effects of inflammaging in a broader scope. Lastly, this study included mostly (but not intentionally) Caucasian participants, precluding the determination of effects of physical activity in ethnic minorities. However, this study distinguished itself from other studies by investigating the effects of physical activity on pre-frailty, immunosenescence and inflammation in the same cohort of people aged 80+ years. Therefore, this study complements sparse literature in the oldest old group. Moreover, the number of included participants and the multidimensional character of the study, combining medical, biomedical and physical aspects were rare and precious assets within this study.


Conclusion
Our analysis supports the view that pre-frailty affects more men than women and that pre-frailty is associated with aging. Our study showed no associations between physical activity and pre-frailty. Our study did show associations between physical activity and specific T-cell (CD8+CD28+CD56- naïve and CD8+CD28-CD57- memory) phenotypes in women and inflammatory marker CRP in women.  As our results demonstrates that physical activity performed during daily life activities is not always sufficient to reach significant effects, the results provide a strong argument to prescribe physical activity at a higher intensity in order to affect frailty level and T-cell senescence.


Methods

Participants and study design
The ‘BrUssels sTudy on The early pRedictors of FraiLtY’ (BUTTERFLY) is an ongoing explorative, observational, longitudinal cohort study –organized by the Vrije Universiteit Brussel, Universitair ziekenhuis Brussel and Universiteit Gent- designed to identify frailty and healthy ageing markers and assess their predictive value for the occurrence of frailty or maintenance of healthy ageing in older adults aged 80 and over. For this purpose, healthy community dwelling octogenarians are invited for assessment every 6 months for a period of over two years regarding medical and physical, but also psychological, social and environmental factors. Recruitment of participants (n=494) started in February 2015 and was completed in June 2019 by advertisement and distribution of flyers through day centers, health insurance companies, seniors associations, municipalities and/or general practitioners. Participants were excluded when they were unable to participate in the assessments due to physical or cognitive impairment (unable to understand instructions and/or scoring >24 on the Mini Mental State Examination (MMSE)39). Participants were also excluded when being diagnosed with cancer and/or having undergone surgery, chemotherapy or radiotherapy within the past 6 months or when scheduled for the near future. Participants who were robust or pre-frail on the adapted version of the Frailty Index of Fried (FFI 4) 40, and robust on both Rockwood Frailty Index (RFI 41) and the Groningen Frailty Indicator (GFI 42), were included for further assessments. The study protocol was approved by the local ethics committee in accordance with the Declaration of Helsinki and each participant gave a written informed consent (B.U.N 143201421976) 37.

Frailty indicators
For the assessment of physical frailty, we used a slightly modified construct of the Fried phenotype 4, assessing weight loss, weakness, slowness and exhaustion 40. Weight loss was assessed by the following question: ‘In the last six months, have you lost more than 4,5kg unintentionally?’, resulting in two possible answers ‘yes’ or ‘no’. Weakness was evaluated by measuring the grip strength of participants using a hand held dynamometer (Martin Vigorimeter 43) with a cut-off of 42kPa for women and 71kPa for men. For the assessment of exhaustion, two statements derived from the CES-D Depression scale were used 44. The statements ‘I felt that everything I did was an effort’ and ‘I could net get going’ were rated by the participants with ‘never or rarely’, ‘sometimes or a little of the time’, ‘ a moderate amount of time’ or ‘most of the time’. Finally, slowness was evaluated by measuring the time needed to walk a distance of 4,5m with following cut-offs: ≥ 7 seconds in men ≤ 173 cm and women ≤ 159, and ≥ 6 seconds in men  >173 cm and women > 159. Globally, participants obtaining the score of 0/4 on the frailty scale were found robust while participants with a score of 1-2/4 or 3-4/4 were respectively designated as ‘pre-frail’ and ‘frail’. 37 

Anthropometric measurements
The weight of participants was determined with a SECA 877 balance, calibrated to the nearest 0,1kg. Height was measured using a SECA measuring rod to the nearest 0,1 cm 37. Body mass index (BMI) was calculated with following formula:  (weight (kg) / height2 (m2) 37.

Medical background
Smoking habit was evaluated by a medical doctor as packed years of smoking. Heart rate was measured using an electrocardiogram. C-reactive protein (in serum) was measured by immunonephelometry as a marker for inflammation 45. A high sensitivity CRP kit obtained from Dade Behring (Marburg GmbH, Germany) with a detection limit of 0.175mg/L, was used. Intra-assay and inter-assay coefficients of variation ranged from 3.1% to 4.4% and from 2.5% to 5.7%, respectively 18. Anti-inflammatory drug intake was assessed by a medical doctor. Participants who took corticosteroids, plaquenil or ledetrexate but did not suffer from a chronic obstructive pulmonary disease were classified as having an inflammatory disease. Although acetylsalicylic acid intake is usually prescribed for it’s anti-coagulant properties, it can also have an anti-inflammatory effect 46 and was therefore also assessed by the medical doctor. The Charlson Comorbidity Index (CCI), used for predicting one-year mortality, was used as a confounding factor. Therefore, presence of myocardial infarct, congestive heart failure, peripheral vascular disease, dementia, chronic pulmonary disease, connective tissue disease, ulcer disease, mild liver disease, diabetes, hemiplegia, moderate or severe renal disease, tumors, leukemia, lymphoma, moderate or severe liver disease and AIDS was assessed by a medical doctor. 47
 
Physical activity measurements
Physical activity was assessed using the Yale Physical Activity Survey (YPAS 48) not only encompassing questions regarding participants’ sportive activities, but also regarding physical activity performed during daily activities, such as household or gardening. By adding up the time spent for each activity on the questionnaire, a total time summary index is obtained, expressed as hours per week. Furthermore, an energy expenditure summary index, expressed as kilocalories per week, can be obtained by multiplying the time spent on each activity by an intensity code specific to that activity for each participant. 

Flow cytometry analysis
Venous blood specimens were collected in the morning for EDTA anticoagulated blood to recover peripheral blood leucocytes as described earlier 37,49. Briefly, lysis buffer was added to 2 ml of freshly obtained EDTA samples. Blood leucocytes were isolated after being centrifuged at 2800 rpm for 4 minutes. They were then washed twice in PBS containing 1% BSA at 2800 rpm for 3 minutes. Blood leucocytes were then resuspended in 500 µl PBS containing 1% BSA. Next, approximately 5 × 105 cells were stained with 15 μL of an appropriate combination of following antibodies: PE-CY5-labeled anti-CD8 (Becton Dickinson, San Jose, CA, USA), PE-CY7-labeled anti-CD3 (Biolegend, San Diego, CA, USA), FITC-labeled anti-CD28 (Biolegend, San Diego, CA, USA), and PE-labeled anti-CD57 (Biolegend, San Diego, CA, USA). Staring from November 2017, PE/Dazzel-labelled anti-CD4, PerCP/Cy5.5-labelled anti-CD4 and PE/Dazzel-labelled anti-CD45, (Biolegend, San Diego, CA, USA) were also added for this staining. After 20 min incubation in the dark at room temperature, cells were washed with 2ml PBS FACS flow solution (Becton Dickinson, San Jose, CA, USA) and centrifuged at 2800 rpm for 3 min. 500 μL FACS flow solution (Becton Dickinson, San Jose, CA, USA) was then added to the pellet. The Coulter FC 500 flow cytometer (Beckman Coulter, Fullerton, CA, USA) was used to analyze labeled samples. The Coulter CXP software (epics) was used for data acquisition. Firstly, lymphocyte subpopulation was gated according to size and granularity in the forward vs. side scatter gram, excluding dead cells and debris. Expression of a combination of surface markers enabled the clustering of lymphocytes. Because samples were not stained with an anti-CD4 antibody in the early days of the study, CD8- T cells were considered to be largely CD4+ T cells. This was based on the fact that CD3+ T cells almost exclusively express CD4 or CD8 50 and the fact that at least 95% of CD3+ CD8− cells was CD4+ in a previous study 49. Therefore, CD8−/CD8+ T-cell ratio was considered as an imperfect but acceptable approximation of CD4+/CD8+ T-cell ratio in our setup until use of anti- CD4 starting from November 2017. Cell-Dyn hematology analyzer was used to count the number of white blood cells in blood. This total count was differentiated into counts of lymphocytes, monocytes, neutrophils, eosinophils and basophils. The results - together with the flow cytometric data - permitted the calculation of the number of lymphocyte subtypes in blood. However, due to a systematic mistake from the beginning of the study until june 2017, data regarding absolute counts of blood cells were missing. Therefore, analyses regarding absolute counts of T-cell phenotypes were performed on 166 and not on 309 participants. 37. 	Comment by Myriam: PE/Dazzel-labelled anti-CD4, PerCP/Cy5.5-labelled anti-CD4, PE/Dazzel-labelled anti-CD45, FITC-labelled anti-CD16 and PE-labelled anti-CD14 (Biolegend, San Diego, CA, USA). Overgenomen van uw antwoord op mijn mail van 08/04/2018, maar mag misschien weg aangezien we deze merkers in deze studie niet gebruiken/ verder niet vermelden

Statistical analyses
Statistical analyses were performed using IBM SPSS statistics version 26.0. Kolmogorov-Smirnov goodness of fit test was used to test for normality. Although most of the data were not normally distributed, parametric tests were used based on the central limit theory, which states that the sum of many independent variables approximately resembles a normal distribution and that normality can be considered 51. Independent T-tests were performed to assess the significance of differences found between male and female participants, but also between robust and pre-frail participants. Pearson correlations were used to investigate correlations between variables. Binary regression was used to find associations between frailty-status and other variables and confounding factors, such as age, height, bodyweight, body mass index, physical activity parameters, gender, smoking habit, cardiac pulse, C-reactive protein levels, presence of an inflammatory disease anti-inflammatory drug or acetylsalicylic acid intake, score on charlson comorbidity index, percentage and absolute counts of CD8+/- naïve memory and senescent-prone T-cell phenotypes and ratio of CD8-/CD8+ using a dichotomized index for being robust or pre-frail. Linear regressions were used for finding associations between physical activity and immunosenescence phenotypes using age, height, bodyweight, body mass index, physical activity parameters, gender, smoking habit, cardiac pulse, C-reactive protein levels, presence of an inflammatory disease anti-inflammatory drug or acetylsalicylic acid intake, score on charlson comorbidity index and frailty-status as independent variables. Linear regressions were also used for finding associations between physical activity and CRP using age, height, bodyweight, body mass index, physical activity parameters, gender, smoking habit, cardiac pulse, presence of an inflammatory disease anti-inflammatory drug or acetylsalicylic acid intake, score on charlson comorbidity index, percentage and absolute counts of CD8+/- naïve memory and senescent-prone T-cell phenotypes and ratio of CD8-/CD8+as independent variables. Statistical significance was set a priori two-sided p<.05.
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Figure legends	Comment by Myriam: Moet ik nog verder aanvullen. In table 2 komen de Pearson correlaties voor de totale groep, mannen en vrouwen. Figuur 4: misschien is het hier beter om telkens de figuur met associaties weer te geven en de modellen als supplementaire methode? Dit wordt anders een heel lange figuur. In sommige, oudere figuren moet ik de log ratio’s en betrouwbaarheidsintervallen nog toevoegen.

Table 1: Baseline characteristics of participants: 
A) Characteristics of included participants: total, robust and pre-frail, at baseline. Presented as mean ± standard deviation. # significant (p<0.05) difference between robust and pre-frail obtained through independent T-tests between robust and pre-frail. BMI= Body Mass Index; YPAS: Yale Physical activity Scale; BPM: Beat Per Minute; CRP= C-Reactive Protein; SPC= senescent-prone cells.  B) Characteristics of included participants: total, robust and pre-frail, at baseline stratified by gender presented as mean ± standard deviation (SD). $: significant difference (p<0.05) between men and women within the total group, the robust group or the pre-frail group obtained through independent T-tests; # significant (p<0.05) difference between robust and pre-frail men obtained through independent T-tests; * significant (p<0.05) difference between robust and pre-frail women, obtained through independent T-tests; BMI= Body Mass Index; YPAS: Yale Physical activity Scale; BPM: Beat Per Minute; CRP= C-Reactive Protein; SPC= senescent-prone cells. 

Table 2: Correlations between variables included in the study (Pearson bivariate correlation):
A) Correlations between variables included in the analysis regarding the study including percent of T-cell phenotypes in the total sample (n=309) obtained through bivariate correlation (Pearson). B) Correlations between variables included in the analysis regarding the study including percent of T-cell phenotypes in men (n=172) obtained through bivariate correlation (Pearson). C) Correlations between variables included in the analysis regarding the study including percent of T-cell phenotypes in women (n=137) obtained through bivariate correlation (Pearson). D) Correlations between variables included in the analysis regarding the study including absolute counts of T-cell phenotypes in the total sample (n=166) obtained through bivariate correlation (Pearson). E) Correlations between variables included in the analysis regarding the study including absolute counts of T-cell phenotypes in men (n=89) obtained through bivariate correlation (Pearson). F) Correlations between variables included in the analysis regarding the study including absolute counts of T-cell phenotypes in women (n=77) obtained through bivariate correlation (Pearson).
*= Correlation is significant at the 0.05 level (2-tailed);**= Correlation is significant at the 0.01 level (2-tailed).	BMI= Body Mass Index; YPAS: Yale Physical activity Scale; BPM: Beat Per Minute; CRP= C-Reactive Protein; SPC= senescent-prone cells. 
							
Table 3: Logistic regression model for predicting frailty-status in the total population (n=309). 

Table 4: Linear regression models for the prediction of T-cell phenotypes
A) Linear regression model for predicting percent CD8+CD28+CD57- (naïve) phenotypes in women (n=137); YPAS: Yale Physical activity Scale. B) Linear regression model for predicting percent CD8+CD28-CD57- (memory) phenotype in total sample (n=309); YPAS: Yale Physical activity, CRP: C-reactive protein C) Linear regression model for predicting absolute counts of the CD8+CD28+CD57+ (senescence-prone) phenotype in total sample of sub study encompassing absolute counts (n=166). D) Linear regression model for predicting percent CD8-CD28+CD57- (naïve) phenotype in total sample (n=309); CRP= C-reactive protein. E) Linear regression model for predicting percent CD8-CD28+CD57- (naïve) phenotype in men (n=172); CRP= C-reactive protein. F) Linear regression model for predicting percent CD8-CD28-CD57- (memory) phenotype in women (n=137); CRP= C-reactive protein. G) Linear regression model for predicting absolute counts of CD8-CD28-CD57- (memory) phenotype in total sample of sub study encompassing absolute counts (n=166); CRP= C-reactive protein.

Table 5: Linear regression models for the prediction of C-reactive protein (CRP)
A) Linear regression model for predicting CRP in men (n=172). B) Linear regression model for predicting CRP in women (n=137); YPAS: Yale Physical activity Scale
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Supplementary information

Impact of COVID-19 pandemic 
This master's thesis came about (in part) during the period in which higher education was subjected to a lockdown and protective measures to prevent the spread of the COVID-19 virus. This impacted this master thesis mostly by putting an early end at the collection of flow cytometric data. Although I used baseline data collected from February 2015 to June 2019 in this master thesis, I was finalizing data acquisition with Coulter CXP software (epics) when the lockdown was put in place. This prohibited me from finishing the data acquisition, since the needed software and collected data is only available at the laboratory of the UZ Brussels, where those analyses were performed. Therefore, I could only work on data that I already collected, resulting in the inclusion of 309 instead of 404 participants included at baseline. 
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Figure legends

Supplementary Table 1: Baseline characteristics of participants (p-values): 
A) P-values of characteristics of included participants: total, robust and pre-frail, at baseline (Table 1). Presented as mean ± standard deviation. # significant (p<0.05) difference between robust and pre-frail obtained through independent T-tests between robust and pre-frail. BMI= Body Mass Index; YPAS: Yale Physical activity Scale; BPM: Beat Per Minute; CRP= C-Reactive Protein; SPC= senescent-prone cells.  B) P-values of characteristics of included participants: total, robust and pre-frail, at baseline stratified by gender (Table 1B). Presented as mean ± standard deviation (SD). $: significant difference (p<0.05) between men and women within the total group, the robust group or the pre-frail group obtained through independent T-tests; # significant (p<0.05) difference between robust and pre-frail men obtained through independent T-tests; * significant (p<0.05) difference between robust and pre-frail women, obtained through independent T-tests; BMI= Body Mass Index; YPAS: Yale Physical activity Scale; BPM: Beat Per Minute; CRP= C-Reactive Protein; SPC= senescent-prone cells. 
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