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Abstract 42 

 43 

Background 44 

Crucial evidence gaps regarding: 1) the joint association of physical activity and sedentary time with 45 

health outcomes; and 2) the benefits of light-intensity physical activity were identified during the 46 

development of recommendations for the WHO Guidelines on physical activity and sedentary 47 

behaviour. We present alternative ways to evidence the relationship between health outcomes and 48 

time spent in physical activity and sedentary behaviour and examine how this could be translated 49 

into a combined recommendation in future guidelines.  50 

 51 

Methods 52 

We used a compositional data analysis to quantify the dose-response associations between the 53 

balance of time spent in physical activity and sedentary behaviour with all-cause mortality. We 54 

applied this approach using 2005-6 NHANES accelerometer data. 55 

 56 

Results 57 

Different combination of time spent in MVPA, LIPA and SB are associated with similar all-cause 58 

mortality risk level.  A balance of more than 2.5 minutes of MVPA per hour of daily sedentary time is 59 

associated with the same magnitude of risk reduction for all-cause mortality as obtained by being 60 

physically active according to the current recommendations.  61 

 62 

Conclusion 63 

This method could be applied to provide evidence for more flexible recommendations in the future 64 

with options to act on different behaviour depending on individual’s circumstances and capacity.  65 

  66 
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MAIN TEXT 67 

 68 

In 2019, the World Health Organization (WHO) convened a Guidelines Development Group (GDG) 69 

including public health scientists and practitioners to contribute to the development of the 2020 70 

Guidelines on Physical Activity and Sedentary Behaviour1. The GDG reviewed the current scientific 71 

evidence, building on the work completed for recent guidelines internationally2–11  about the 72 

relationship between physical activity, sedentary behaviour and health. The end goal was to provide 73 

recommendations on the amount of physical activity and sedentary behaviour associated with 74 

favourable health outcomes in children and adolescents, adults, older adults (>65 years), as well as 75 

in specific sub-populations, including pregnant women and those living with chronic conditions 76 

and/or disabilities. These new 2020 guidelines12 together with the WHO 2019 guidelines and the 77 

methods used to identify the most current evidence to underpinning them are described in detail in 78 

Bull et al12.  79 

 80 

While reviewing the available evidence, a number of gaps in the existing literature were identified 81 

and the Guidelines12 highlight the need for future research in several areas13,14. Amongst those 82 

evidence gaps it was found that across the life course and for all different sub-groups there is a 83 

common lack of information on: 1) the joint association between physical activity and sedentary 84 

time with health outcomes; and 2) the health benefits of light intensity physical activity (LIPA).  For 85 

instance, there is limited information about how sedentary time modifies the beneficial health 86 

effects associated with physical activity and vice versa15,16. Many people are constrained to remain 87 

sedentary for long periods of time daily, either because of their occupation, chronic conditions or 88 

disabilities. Therefore, it is important to be able to quantify how levels of physical activity should be 89 

adapted for improved health at different levels of sedentary behaviour.  90 

 91 
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Indeed, although recommendations are made about the amount of moderate-to-vigorous intensity 92 

physical activity (MVPA) associated with health benefits, there are diverse opinions about 93 

recommendations on a specific threshold of sedentary time. The WHO and 2018 Physical Activity 94 

Guidelines for American did not set a threshold but, recently, 24 hour movement guidelines were 95 

issued for adults in Canada17 with a specific message to limit sedentary time to 8 hours or less. 96 

The WHO guidelines recommend increasing physical activity levels for those who have to spend long 97 

periods of time sedentary, but could not provide specifics about how the amount of physical activity 98 

should be changed for different levels of sedentary time. The 2018 Physical Activity Guidelines for 99 

American, 2nd Edition contains a heat map that illustrates how the risk of all-cause mortality changes 100 

with different combinations of time spent in sedentary behaviour and physical activity, but without 101 

providing quantitative information10.    102 

 103 

This gap is in part due to the methodological and conceptual approaches used to date to build the 104 

evidence base underpinning physical activity recommendations. Previous research has tried to 105 

estimate dose-response associations between moderate to vigorous physical activity (MVPA) and 106 

sedentary behaviour (SB) independently; however, this is difficult to do since the day is limited to 24 107 

hours and, therefore, these two behaviours are co-dependent, along with light intensity activity 108 

(including standing) and sleep. Few studies have investigated the joint prospective association 109 

between sedentary behaviour and physical activity with health outcomes such as all-cause mortality  110 

15,16,18,19; fewer still have accounted for the influence of sleep and light intensity physical activity12,20. 111 

 112 

A possible alternative is to quantify the risk associated with combinations of time spent in these 113 

behaviours and to rethink recommendations in terms of a balance between time spent in physical 114 

activity and sedentary behaviour. In other words, we could seek to answer the question “What is the 115 

proportion of time during the day one should spend in MVPA given their proportion of time spent in 116 

sedentary behaviour for health benefits?”.  117 
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 118 

In this paper we present alternative ways to provide prospective evidence about the relationship 119 

between health outcomes and time spent in physical activity and sedentary behaviour and examine 120 

how this could be translated into a combined recommendation in future guidelines. We illustrate 121 

this based on the associations of all-cause mortality with physical activity and sedentary behaviour 122 

using a publicly available dataset.  123 

 124 

Methods 125 

 126 

Data 127 

 128 

We used data from the 2005-2006 wave of the US National Health and Nutrition Examination Survey 129 

(NHANES) which used stratified, multistage probability sampling to recruit a sample representative 130 

of the civilian non-institutionalized US population. Full details of the NHANES methodology can be 131 

found elsewhere21. Mortality data linkage which provides vital status is available for a subset of 132 

participants. This records the length of time (in months) between the NHANES examination and a 133 

participant’s death, up to December 2015.  134 

 135 

Measurement of the time spent in physical activity, sedentary behaviour and sleep 136 

 137 

Time spent in SB, LIPA and MVPA was assessed using an ActiGraph AM-7164 accelerometer 138 

(ActiGraph, LLC, Fort Walton Beach, Florida, USA) following the protocol detailed previously22. 139 

Briefly, participants were asked to wear the device on a belt around the waist for seven consecutive 140 

days, except when sleeping or bathing. The resulting acceleration counts, integrated over 1-min 141 

epochs, were processed according to the Centers for Disease Control and Prevention’s standard 142 

quality assurance procedures22. Daily accelerometry data were considered valid if the accelerometer 143 
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was worn for at least 10 h and participants were included if they accumulated at least one valid day 144 

of activity, as in previous studies23,24. The standard definition of non-wear time from the CDC was 145 

adopted. This defines non-wear time as intervals of at least 60 consecutive minutes of 0 cpm, with 146 

allowances for up to 2 min of limited movement (<50 cpm) within these periods. We classified time 147 

using standard count per minutes thresholds as sedentary behaviour (<100 counts/min), LIPA (100 to 148 

2020 counts/min) or MVPA (>2020 counts/min) 25. Sleep duration was self-reported to the nearest 149 

hour in response to the question ‘How much sleep do you actually get at night on weekdays or 150 

workdays?’. Sleep time was then calculated as a proportion of 24 h, and time spent in sedentary 151 

behaviour, LIPA and MVPA as proportions of the remaining 24 h (the waking day) according to the 152 

total time recorded for each behaviour. 153 

 154 

Covariates 155 

 156 

We included as covariates variables representing the main known confounders in the relationships 157 

between daily activity and all-cause mortality including demographics, social economic status, other 158 

health behaviours, pre-existing conditions and physical limitations on movement. Socio-159 

demographic covariates included age (years), sex (male, female), race/ethnicity (Mexican American, 160 

other Hispanic, non-Hispanic White, non-Hispanic Black, other including mixed race), education (less 161 

than 9th grade, 9–11th grade, high school, college or AA degree, college graduate, 162 

refuse to answer, do not know), marital status (married, widowed, divorced, separated, never 163 

married, living with partner, refused, don’t know) and family income-to-poverty ratio (continuous 164 

from 0 to 4.99, values are 5 if the ratio is 5 or over). Health behaviour covariates included smoking 165 

status (yes, no, former), average alcohol consumption (number of drinks per day over last 12 166 

months), average dietary intake (kCal/day), average saturated fat intake (g/day), average caffeine 167 

intake (mg/day). Health status covariates included previous diagnosis of stroke (yes, no), previous 168 

diagnosis of cancer (yes, no), previous diagnosis of diabetes (yes, no), self-assessed health (poor, fair, 169 



Striking the right balance 
 
 

7 
 

good, very good, excellent), use of medication to control blood pressure (yes, no) and physical 170 

limitations on movement (yes, no). All these covariates were measured via self-report as part of the 171 

interview. 172 

 173 

Statistical Analysis 174 

 175 

Model 176 

The first step was to develop a statistical model that would allow us to estimate the mortality risk 177 

associated with any combination of time spent in physical activity and sedentary behaviour, while 178 

accounting for the time spent sleeping.  This model should give more accurate estimates than the 179 

methods used by Powell et al. 11 based on interpolating between only four broad levels of MVPA and 180 

SB26.  181 

 182 

We used a multivariate method based on the compositional approach developed by McGregor et al. 183 

27  in which the day was defined as the proportions of time spent in 𝐷𝐷 = 4 movement behaviours: 184 

moderate-to-vigorous physical activity (MVPA), light intensity physical activity (LIPA), sedentary 185 

behaviour (SB) and sleep (Sleep). In order to use the whole composition in a Cox regression model to 186 

estimate prospective risk of mortality the times spent in sleep, SB, LIPA and MVPA were 187 

transformed into three isometric log-ratio (ilr) coordinates 28 given by Equations 1-3: 188 

𝑧𝑧1 = �3
4

ln �
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

√𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 ∙ 𝐿𝐿𝐿𝐿𝑀𝑀𝑀𝑀 ∙ 𝑆𝑆𝑆𝑆3 � , (1) 

 

𝑧𝑧2 = �2
3

ln �
𝐿𝐿𝐿𝐿𝑀𝑀𝑀𝑀

√𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 ∙ 𝑆𝑆𝑆𝑆
�, 

 

(2) 
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𝑧𝑧3 = �1
2

ln �
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
𝑆𝑆𝑆𝑆

� . (3) 

The first coordinate 𝑧𝑧1 represents time spent in sleep relative to the (geometric) average of all the 189 

other behaviours. The second coordinate 𝑧𝑧2 is the balance between time spent in light intensity 190 

physical activity and the geometric average of time spent in moderate to vigorous intensity physical 191 

activity and sedentary behaviour. The third coordinate 𝑧𝑧3 accounts for the balance of time between 192 

moderate to vigorous intensity activity and sedentary behaviour.  193 

 194 

These coordinates (the vectors 𝒛𝒛 = (𝑧𝑧1, 𝑧𝑧2, 𝑧𝑧3)𝑇𝑇) were then used as explanatory variables together 195 

with a set of covariate 𝒗𝒗 to fit a Cox regression model of the form shown in Equation 4: 196 

 197 

ln�
ℎ(𝑡𝑡;  𝒘𝒘)
ℎ0(𝑡𝑡)

� = �𝛾𝛾𝑗𝑗𝑧𝑧𝑗𝑗

𝐷𝐷−1

𝑗𝑗=1

+ 𝜷𝜷𝑇𝑇𝒗𝒗 = 𝜸𝜸𝑇𝑇𝒛𝒛 + 𝜷𝜷𝑇𝑇𝒗𝒗, (4) 

 198 

where the function ℎ0(𝑡𝑡), depending upon time 𝑡𝑡, is an unspecified baseline hazard function and the 199 

vectors 𝜸𝜸 and 𝜷𝜷 are the corresponding regression coefficients. These coefficients were fitted in the 200 

usual manner by maximizing the partial likelihood function27. The estimated associations between the 201 

above time balances, as represented by the ilr-coordinates, and mortality were expressed as hazard 202 

ratios (HRs) with their corresponding 95% CIs 27. Our modelling was restricted to adults between ages 203 

50 and 79 years in line with previous work done on NHANES data to prevent violations of the 204 

proportional hazards assumption 29, which we verified using Kaplan-Meier curves and a Grambsch-205 

Therneau Test30. 206 

 207 

Calculation of heat map 208 

 209 
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We plotted hazard ratios estimated by the model as a heat map for combinations of time spent in 210 

moderate to vigorous activity and sedentary behaviour for a fixed amount of time of the sleep (fixing 211 

the duration of the waking day) to compute a heatmap as in McGregor et al. 31. We restricted the 212 

range of values to plausible behavioural patterns. We computed the distribution of composition within 213 

the sample and considered only compositions within 2 standard deviations of the mean composition. 214 

Similarly, to choose a reference composition in the computation of hazard ratios we selected a point 215 

on the 75% confidence region for distribution, computed using Mahalanobis distance (a multivariate 216 

distance accounting for the covariance structure)32, that represented low levels of physical activity and 217 

high sedentary time (MVPA = 2 min/day, LIPA = 229.0 min/day, SB = 729.0 min/day, sleep = 480  218 

min/day). 219 

 220 

Dose response of the balance of time spent in MVPA and SB with risk of mortality 221 

 222 

The coordinate 𝑧𝑧3 allows us to estimate directly the dose-response association between the ratio of 223 

time spent in MVPA and SB with risk of mortality. Given a fixed duration of the waking day (fixed sleep 224 

time) we also estimated the combinations of time spent in MVPA and SB that corresponds to mortality 225 

risk level that can be achieved by being active according to the 2018 Physical Activity Guidelines for 226 

Americans, 2nd Edition 10. Statistical models were adjusted for the covariates listed above and 227 

associations reported as hazard ratio (HR) with 95% confidence intervals. Sensitivity analysis excluding 228 

death with the first two years of follow up was conducted to attempt to control for reverse causality.  229 

 230 

All statistical analyses and graphical representations were performed using the R system for 231 

statistical computing (R 3.4.1, R Foundation for Statistical Computing, Vienna, Austria, 2017). 232 

Statistical test significance was concluded at the usual 0.05 significance level. All codes are available 233 

as open source on http://www.opencoda.net/. 234 

 235 
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Results 236 

 237 

Sample 238 

A total of 10,348 adults participated in the NHANES 2005-6 cycle. Amongst those, n=5560 adults 239 

were followed-up with n=1820 falling within the age range (50-79) considered in this analysis. A sub-240 

sample of n=1594 individuals with valid accelerometry data, full set of covariates and non-accidental 241 

death records were included in this analysis. The data flow is presented in in Figure 1.  242 

Table 1 provides the characteristics of this analytical sample including the summary statistics for the 243 

daily time composition in terms of time spent in sleep, SB, LIPA and MVPA. In this sample 86% of the 244 

variance in daily time composition is attributable to time spent in MVPA, 9 % to LIPA and the rest to 245 

time spent in sleep and SB. Valid deaths are non-accidental deaths.  246 

Figure 1: CONSORT diagram representing the data flow in this analysis. 
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 247 

 248 

Table 1: Summary statistics for the final analysis sample. 249 

Categorical covariates Category Proportion in sample (%) 

Gender Male 51.7 

 Female 48.3 

Smoking Current 19.5 

 Former 35.6 

 Never 44.8 

 Unknown 0.1 

Self-rated health Excellent 8.1 

 Very good 26.5 

 Good 35.0 

 Fair 21.4 

 Poor 4.1 

 Unknown 4.9 

Movement limitations Yes 21.2 

 No 78.8 

Continuous covariates Mean (SE)  

Age at baseline 63.1 (0.2)  

Alcohol consumption, drinks/day 1.8 (0.1)  

Mean energy intake, kCal/day 1940 (21)  

Time composition Compositional mean  

Sleep, hours/day 7.0  

Sedentary behaviour, hours/day 10.5  
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Light intensity physical activity, hours/day 6.3  

Moderate to vigorous physical activity, hours/day 0.2  

 250 

 251 

Associations with mortality  252 

 253 

The compositional cox model showed that the whole composition on daily time spent in sleep, SB, 254 

LIPA and MVPA was significantly associated with mortality risk (Likelihood ratio test p<0.001). Figure 255 

2 shows the association hazard ratio for time spent in MVPA ranging from one minute to 90 minutes 256 

per day and time spent in SB ranging from three to 14 hours per day. Different combinations of time 257 

spent in moderate to vigorous, light intensity physical activity and sedentary behaviour were 258 

associated with similar risk levels. For example, both point (a) (MVPA = 13 minutes, LIPA = 7.5 hours, 259 

SB = 8.3 hours) and (b) (MVPA = 26 minutes, LIPA = 5 hours, SB = 10.5 hours) were associated with 260 

HR = 0.50. Similarly point (c) (MVPA = 30 minutes, LIPA = 7.2 hours, SB = 8.3 hours) and (d) (MVPA = 261 

75 minutes, LIPA = 4.2 hours, SB = 10.5 hours) were associated with HR = 0.30. Generally, risk of 262 

mortality was lower for less time spent in sedentary behaviour corresponding also to higher time 263 

spent in light intensity physical activity. However, this was more pronounced at low levels of 264 

moderate to vigorous physical activity. At higher levels of daily moderate to vigorous physical 265 

activity the effect of sedentary time appears attenuated. Displacing SB with MVPA required less time 266 

than displacing sedentary behaviour with LIPA for the same mortality rate, as indicated by the 267 

dashed lines with arrow on figure 2. For example, moving from a hazard ratio of 0.5 to 0.3 from 268 

point (a) would require a change in composition of 50 minutes replacing SB but only a few minutes 269 

of MVPA.  270 

 271 

 272 

 273 



Striking the right balance 
 
 

13 
 

 274 

Figure 3 shows the dose response curve linking the balance of time spent in MVPA (in hour/day) and 275 

sedentary time (in hour/day) with risk of mortality. We observed a curvilinear relationship with 276 

decreasing risk of mortality for a higher amount of time spent in MVPA per hour of daily sedentary 277 

time. This curve simplifies the heat map presented in Figure 2 above while retaining all the same 278 

information. It denotes the amount of daily MVPA required for a specific risk level for a given 279 

amount of daily sedentary time. A ratio of 0.017 (point (a) Figure 3), which corresponds to one 280 

minute of MVPA per hour of daily sedentary time, was associated with a HR=0.63 (95% CI 0.5 to 281 

0.81). Hence for 8 hours of daily sedentary time, 8 minutes of moderate to vigorous physical activity 282 

and 8 hours of light intensity activity would be required to achieve this risk level (given 8 hours of 283 

sleep as per reference point). To achieve the same HR an individual remaining sedentary for 11 284 

hours would require 11 minutes of MVPA and five hours of LIPA (given 8 hours of sleep as per 285 

reference point). A ratio of 0.17 (point (c) figure 3) which corresponds to 10 minutes of MVPA per 286 

Figure 2: Relationship between risk of all-cause mortality (colour) with the daily composition of time 
spent in daily in moderate to vigorous physical activity (MVPA x –axis), sedentary behaviour (SB y-
axis) and light intensity physical activity (LIPA – contour lines grey axis).  
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hour of daily sedentary time is associated with HR =0.31 (95% CI 0.23 to 0.40). Around the inflection 287 

point which is often used as a cut-off point to provide the lower end of physical activity 288 

recommendations, as it corresponds to a point at which most of the benefits have been realised10, 289 

the balance of time is about 2.5 minutes of moderate to vigorous activity per hour of daily sedentary 290 

time (point (b) figure 3, ratio = 0.04). The possible combination of ways to achieve a specific level of 291 

mortality risk reduction can be represented graphically as in Figure 4. This provides the amount of 292 

daily MVPA and LIPA with 95% confidence interval for a given amount of daily sedentary time 293 

associated with around 30% mortality risk reduction.  294 

 295 

 296 

Figure 3: Dose response relationship between the balance of daily hours spent in 
moderate to vigorous physical activity and sedentary behaviour with risk of 
mortality. Point (a) corresponds to 1 minute of MVPA for every hour of SB. Point (b) 
corresponds to 2.5 minute of MVPA for every hour of SB. Point (c) corresponds to 
10 minute of MVPA for every hour of SB. 
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 297 

 298 

Discussion  299 

 300 

Our analysis highlights a novel method to produce evidence about the health risk/benefits (here for 301 

all-cause mortality risk) associated with combinations of time spent in different classes of physical 302 

behaviour, including physical activity and sedentary behaviour. Generally, our results are consistent 303 

with previous research produced using standard regression based methods10,11,34. We show that 304 

there is a dose response relationship between the balance of daily time spent in moderate to 305 

vigorous activity and sedentary behaviour with risk of all-cause mortality.  We estimated this using a 306 

robust methodology that takes into account daily time spent in light intensity physical activity and 307 

sleep. This is another possible direction for future research to help addressing knowledge gaps about 308 

the interaction between physical activity and sedentary behaviour using robust statistical methods. 309 

Figure 4: Amount of moderate to vigorous physical activity (MVPA x –axis) per time spent in 
sedentary behaviour (SB y-axis) associated with around 30% mortality risk reduction. Corresponding 
time spent in light intensity physical activity for each pair of time spent in MVPA and SB is indicated 
by contour line (grey axis). Blue hash lines indicate the 95% confidence interval. 
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This could be applied to other prospective health outcomes beyond all-cause mortality. Our 310 

approach could also be expanded to take into account more fine grained energy expenditure and 311 

posture classes. This could be particularly useful for investigating, for example, if time spent in 312 

vigorous intensity per time unit activity is more efficient for improving health35. 313 

 314 

We show that similar reductions in risk of all-cause mortality are associated with different 315 

combination of time spent in MVPA, LIPA and SB. Our analyses provide the first quantitative 316 

estimates of the heat map developed by the US Department of Health and Human Services Physical 317 

Activity Guidelines Advisory Committee10,11 based on a single dataset (instead of interpolations) and 318 

adjusted for sleep time.  Producing evidence on different combinations of physical activity and SB 319 

associated with the same health benefits could open the door to more flexible recommendations to 320 

suit an individual’s circumstances and abilities.   321 

 322 

Considering that sedentary time is often constrained by occupation, environment or physical 323 

capacity over which individuals have less control, the question remains whether physical activity 324 

recommendations could be adapted to fit different circumstances and contexts. Thinking in terms of 325 

the ‘balance’ of time could allow for better integration of recommendations on physical activity and 326 

sedentary behaviour36. For example, based on figure 4 for individuals who are sedentary for a long 327 

time (11 hours) 40 minutes of daily moderate to vigorous physical activity would be required for a 328 

30% risk reduction for all-cause mortality. Alternatively, for less sedentary individuals (6 hours) only 329 

5 minutes might be sufficient to obtain the same risk reduction. As time spent in physical activity, 330 

sedentary behaviour and sleep are co-dependent, adopting a balance of time balanced approach to  331 

integrate guidelines for different behaviour (e.g. MVPA and SB) might be more relevant and 332 

accurate, when compared to combining recommendations about individual behaviours based on 333 

evidence derived from individual behaviours4.  This type of evidence could pave the way to more 334 

integrated guidelines based on balances of activity behaviours, such as: “Do x minute of MVPA for 335 
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every hours of the day you usually sit” or presented in visual form like the heat map in Figure 2 and 336 

American physical activity guidelines 10,11 and potentially inform 24 hour movement guidelines17. 337 

 338 

Strengths and limitations  339 

While this study provides potential methodological pathways to improve integration between 340 

activity behaviours, important evidence gaps include the availability and access to quality individual 341 

participant data. Recently, the possibility of deriving meaningful prospective information from some 342 

major cohorts has been questioned because of difficulties in measuring sedentary and standing time, 343 

short follow-up time and issues with timing of measurement of different covariates37,38. However, 344 

there are a number of initiatives such as PROPASS aimed at consolidating cohort data resources39 345 

which might provide solutions. Harmonised and federated analysis methods are also helping in 346 

improving the situation15,40.  347 

 348 

The quantitative results in this report need to be interpreted with caution and they do not constitute 349 

recommendations as there are a number of limitations associated with the study. This is a small 350 

sample illustrative study. Waist worn accelerometers have limitations for quantifying sedentary time 351 

as they cannot differentiate between sitting and standing with standing time often misclassified as 352 

sedentary time39.  Besides, they are taken off during sleep times, for this reason we relied on sleep 353 

self-reports in this study which may be overestimated. In addition, there is the possibility that 354 

unmeasured confounding factors might explain some of the dose response associations we 355 

observed. Finally, the possibility of reverse causality cannot be completely eliminated.  Our results 356 

reflect the PA and SB patterns of the US population, other compositional data analysis studies on 357 

different health outcomes, in ethnically diverse samples, including studies from LMIC, will be crucial 358 

for future updates of the global PA and SB guidelines. 359 

 360 

Conclusion 361 
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 362 

Quantifying the dose response between the balance of time spent in moderate to vigorous activity 363 

and sedentary time with health indicators using a compositional data analysis approach can provide 364 

evidence for future integrated recommendations that reflects the interactions between different 365 

physical behaviour, such as MVPA and SB. Several combinations of time spent in these behaviours 366 

are associated with similar risk levels, this open the door to more flexible recommendations for 367 

future guidelines. 368 

 369 
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