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Abstract 29 

Objective: The present study aimed to measure the energy cost of three common sedentary activities 30 

in young children to test whether energy expended was consistent with the recent consensus definition 31 

of ‘sedentary’ as ‘any behaviour conducted in a sitting or reclining posture and with an energy cost 32 

≤1.5 metabolic equivalents (METs)’ (Sedentary Behavior Research Network, 2012).  33 

Methods: Whole-room calorimetry measures of television viewing, sitting at a table drawing and 34 

reading, and sitting on the floor playing with toys were made in 40 young children (mean age 5.3 35 

years, SD 1.0).  36 

Results: The energy cost of each sedentary activity was consistent with the recent consensus 37 

definition of sedentary: 1.17 METs (95% CI 1.07-1.27) for TV viewing; 1.38 METs (95% CI 1.30-38 

1.46) for sitting at a table; and 1.35 METs (95% CI 1.28-1.43) for floor-based play.  39 

Conclusions: Common sedentary activities in young children have energy costs which are consistent 40 

with the recent consensus definition of ‘sedentary’, and the present study is supportive of this 41 

definition. 42 

 43 
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Introduction 60 

 61 

Epidemiological studies have recently established that time spent in sedentary behaviour (sitting) 62 

influences several major health outcomes in adults1,2. There may also be measurable health effects of 63 

sitting behaviour during childhood and adolescence3,4, and sitting behaviour during childhood and 64 

adolescence may influence adult sitting behaviour5,6. An international consensus has been reached 65 

recently on the definition of ‘sedentary’ as ‘any behaviour conducted in a sitting or reclining posture 66 

and with an energy cost ≤1.5 metabolic equivalents (METs)’.7 67 

  68 

Newton et al8 recently demonstrated, in a whole-room calorimetry (WRC) study of 25 overweight and 69 

obese African-American adults, that the energy cost of common sedentary activities performed when 70 

sitting upright was clustered tightly around 1.0 MET, suggesting that a definition of sedentary might 71 

usefully incorporate an energy expenditure threshold below 1.5 MET. However, Newton et al8 72 

expressed a concern over the generalisability of their findings, noting the need to extend research of 73 

this kind to other populations. Evidence on the energy cost of sedentary behaviours in children has 74 

focused largely on older children and adolescents, notably the studies by Harrell et al in 8-18y olds9 , 75 

Ridley and Olds in 6-18y olds10, Puyau et al in 6-16y olds11, and Evenson et al (mean age 7.3y)12 . The 76 

energy cost of 5 common sedentary activities reported by Harrell et al was consistent with the 77 

consensus definition, with the 95% confidence intervals not exceeding 1.5 METs9. The mean energy 78 

cost of four common sedentary activities was reported by Ridley and Olds, and this approached 1.5 79 

METs for only one of the four10. Puyau et al found that the range of energy expenditure exceeded 1.5 80 

METs for one of the two sedentary activities studied11. Evenson et al reported the mean energy cost of 81 

two sedentary activities as well below 1.5 METs12. 82 

 83 

In pre-school-aged children (3-5 years), evidence on the energy cost of common sedentary behaviours 84 

is scarce. We have been able to find only a single study, in which Adolph et al13 used WRC to 85 

measure the energy cost of two sedentary activities: reclining watching TV; sitting and colouring. The 86 

range of energy cost of watching TV did not exceed 1.5 METs, but the range of energy costs for 87 
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sitting and colouring did (mean 1.4, SD 0.2). The primary aim of the present study was therefore to 88 

test whether the energy cost of common sedentary activities was consistent with a ‘1.5 MET 89 

threshold’7 definition of sedentary behaviour in a sample of young children. 90 

 91 

Methods 92 

The present study was based on a sample of forty healthy 4- to 6-year-old children and was part of a 93 

larger study that aimed to validate various objective methods of estimation of free-living energy 94 

expenditure and physical activity in young children. Children were recruited from childcare centers 95 

(pre-schools, long-day and family-day care) in the Illawarra region of New South Wales, Australia. 96 

Exclusion criteria included the child having a disease known to influence their energy balance (e.g. 97 

hypothyroidism), a physical disability, or claustrophobia. No children were excluded on these 98 

grounds. The study was approved by the University of Wollongong/ SESIAHS Health and Medical 99 

Human Research Ethics Committee and all participating parents provided informed written consent 100 

and their children assented to participation. 101 

 102 

Whole-room calorimetry provides a criterion measure of physical activity, energy expenditure, by 103 

measurement of oxygen consumption and carbon dioxide production (‘calorimetry’) while study 104 

participants are confined within a room (the calorimeter). Moreover, WRC avoids the need for face 105 

masks for collection of expired air which can be problematic in young children, and the avoidance of 106 

facemask- based collection systems combined with the amount of space within the WRC allows 107 

young children to behave in a fairly natural way. In the present study all children had a familiarisation 108 

visit to the WRC before the measurement. On the morning of measurement, parents were asked to 109 

give their children a standardised breakfast provided by the researchers (170 kcal) at 07.00 h and only 110 

give them sips of water thereafter14. Children and their parents arrived at the laboratory at 111 

approximately 08.15 h before entering the WRC at around 08.30 h. For the present study of sedentary 112 

behavior children spent ~70 minutes in the WRC, but this was nested within a more extended protocol 113 

of ~150 minutes which included activities of light and moderate-vigorous intensity which are 114 

described elsewhere14. We have established that giving a small standardised breakfast has a negligible 115 
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impact on subsequent measures of energy expenditure within the WRC14, and no decline in energy 116 

expenditure associated with declining diet-induced thermogenesis was detectable14. 117 

 118 

Children’s height and weight were measured using standardised procedures. Height was measured to 119 

the nearest 0.1 cm using a portable stadiometer (PE87, Mentone Educational Centre, Victoria, 120 

Australia) and weight was measured to the nearest 0.1 kg using a calibrated electronic scale (Tanita 121 

BC-418A, Tanita Corporation of America, Illinois, USA). Children then entered the WRC and were 122 

asked to follow a protocol which consisted of: sitting watching TV/DVD, sitting at a table while 123 

talking on the phone, reading, colouring, drawing, and sitting playing with toys on the floor. 124 

According to the compendium of energy expenditure for children playing with toys was classified as a 125 

light physical activity 15. However, in the current study it was completed while staying in a seated 126 

position and therefore it was included as a possible sedentary behaviour. The duration and order of the 127 

activities was pre-set and the same for each child (Table 1). Children were requested to complete one 128 

activity before moving on to the next. Children were not requested or instructed to sit still, but simply 129 

to complete the activity while in a seated position as they would do in a free-living situation. A degree 130 

of variation in the ways each behaviour in the protocol were carried out is inevitable, but energy 131 

expenditure data were only included in the present study if direct observation confirmed that they 132 

were sitting and carrying out the behaviour required at each stage of the protocol. All children were 133 

guided through the protocol by a research assistant who observed through a window and 134 

communicated via an intercom. The research assistant was able to encourage compliance with the 135 

protocol, and compliance was confirmed independently by filming and direct observation16,17. 136 

‘Compliance’ as defined by the filmed record represented periods when the child was following the 137 

protocol (i.e. completing the activity while in a seated position). 138 

 139 

Oxygen consumption (VO2) and carbon dioxide production (VCO2) were measured continuously 140 

(paramagnetic O2 and infrared CO2 analyzers, Sable System Inc, Las Vegas USA) and corrected to 141 

standard temperature, pressure and humidity in the room calorimeter (3m x2.1m x2.1m) at the 142 

University of Wollongong. Technical procedures are described in more detail elsewhere, along with 143 
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full details of the protocol which children followed in the present study14. Chamber air was sampled 144 

every two minutes and rates of O2 consumption and CO2 production were calculated from in- and 145 

outflow as described in the literature18. Rates of O2 consumption and CO2 production were then 146 

averaged over 10 min to produce stable measures of EE,14,16 and rates of energy expenditure were 147 

calculated using the Weir equation19.  148 

 149 

 Individualised MET values were calculated by dividing measured energy expenditure for each child 150 

by their predicted BMR. BMR was calculated using the following equations developed by Schofield 151 

et al.20 in children aged 3- to 10-years:  152 

 153 

BMRboys = 0.082*weight (kg) + 0.545*height (m) + 1.736  154 

BMRgirls = 0.071*weight (kg) + 0.677*height (m) + 1.553  155 

 156 

The BMR was calculated as MJ/day and converted to kcal/kg/min. The Schofield equation was used 157 

because of the practical difficulties associated with obtaining BMR measures in children of this age21-158 

23, and in one study it had no bias relative to measured BMR in a small sample of young children21.  159 

 160 

Participants were filmed during the protocol. Video footage was coded using Vitessa 0.1 (Version 0.1, 161 

University of Leuven, Belgium) which generated a time stamp every time a change in posture or 162 

intensity was coded by the observer24. Every second following a given time stamp was coded as being 163 

at the same posture as that occurring at the point of the time stamp itself. Each second was coded in 164 

this way until a change in posture was indicated by the appearance of the next time stamp. This 165 

resulted in second-by-second coding. Children’s postures were classified as sit/lie (i.e. sedentary) or 166 

non-sedentary. Postures were classified as sit/lie whenever the child’s bottom touched the ground, a 167 

chair, or their legs (e.g. kneeling on both knees with their bottom touching the legs or heels)25,26.The 168 

postural coding meant that, as far as possible, only sedentary behaviours were included in the energy 169 

expenditure data. 170 

 171 
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Average energy expenditure values collected during watching television, sitting at a table, and playing 172 

with toys on the floor were used for analyses. Ten-minute data points were defined as valid if during 173 

these 10 minutes children participated consistently in sedentary activity (i.e. watching television, 174 

sitting at a table, playing with toys on the floor) as confirmed by direct observation14,16,17. Repeated-175 

measures ANOVA with Bonferroni adjustment was used to compare energy expenditure between 176 

each of the sedentary activities and predicted BMR using the Schofield equation. In addition, to 177 

compare the effect of using predicted BMR and measured REE on energy expenditure values during 178 

sitting at a table and playing with toys, paired sample t-tests were used.  179 

 180 

Results 181 

 182 

Of the 40 children who participated in the study, two had missing data due to calorimeter malfunction. 183 

For the remaining 38 children, 34 (92.1%), 28 (73.7%), and 35 (92.1%) had at least one 10-min block 184 

of watching television, sitting at a table, and playing with toys on the floor, respectively. Missing data 185 

were due to children breaking up the sedentary activity by moving to a non-sit/lie position. 186 

Descriptive characteristics for the study sample are presented in Table 2.  187 

 188 

Energy expenditure data are shown in Table 3. Energy expenditure values for watching TV, sitting at 189 

a table and playing with toys were 0.037 kcal/kg/min (± 0.010), 0.044 kcal/kg/min (± 0.008) and 190 

0.043 kcal/kg/min (± 0.009), respectively (P<0.05). Post-hoc analyses showed that measured energy 191 

expenditure while sitting at a table and playing with toys on the floor was significantly higher than 192 

while watching television (P<0.05).  193 

  194 

For each of the three sedentary activities, average values were consistently <1.5 METs when 195 

predicted BMR was used to define 1 MET. The majority of the data points which exceeded 1.5 times 196 

predicted BMR were observed while sitting at a table (n = 8 out of 28) and playing with toys on the 197 

floor (n = 11 out of 35). The 95% confidence intervals for the three sedentary activities, expressed as 198 
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multiples of predicted BMR were as follows: 1.07 – 1.27; 1.30-1.46; 1.28 – 1.43 for watching TV, 199 

sitting at a table and playing with toys on the floor, respectively. 200 

 201 

 202 

DISCUSSION 203 

 Consistency with the current ‘1.5 MET’ definition of sedentary was high in the present study: the 204 

95% confidence intervals for the energy cost of all three sedentary activities did not exceed 1.5 MET. 205 

The behaviours included in the present study were common early childhood activities which were 206 

sedentary on postural grounds, and on energy expenditure grounds, suggesting a high degree of 207 

concordance between the postural and energy expenditure components of the current consensus 208 

definition of ‘sedentary’7.  209 

 210 

A few studies in older children and adolescents7-10,27 suggested that some sedentary activities had 211 

mean energy costs which exceed 1.5 METs, or a range which greatly exceeded 1.5 METs, but 212 

generally the evidence from older children and adolescents is consistent with the current consensus 213 

definition of ‘sedentary’9-12. The study of pre-school children (mean age 4.5y) by Adolph et al, which 214 

did not set out to test the appropriateness of the sedentary behaviour definition, found that the energy 215 

cost of sitting and colouring averaged 1.4 METs, with an SD of 0.213. The 1.5 MET threshold to 216 

define sedentary behaviour is accepted as a mean, and a degree of inconsistency with it in certain 217 

populations, and for certain activities could presumably be tolerated.  218 

 219 

The present study had a number of strengths. The use of a criterion method (energy expenditure) for 220 

validation of physical activity measures, the fairly natural setting, the combination of WRC with 221 

direct observation to confirm that activities within the WRC were occurring as instructed14,16,17, and 222 

the inclusion of three common sedentary activities, were notable strengths. One weakness was our 223 

inability to obtain a measured BMR measure which led to the need to use predicted BMR values, a 224 

problem common to almost all studies of young children22,22,28. However, study conclusions did not 225 

differ whether predicted values BMR were used, or measured resting metabolic rate (reclining in a 226 
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beanbag watching TV) values were used. The WRC measures were made after an overnight fast 227 

followed by a small standard breakfast. We have shown that providing a small standardised breakfast 228 

has no marked impact on energy expenditure >90 minutes later within the WRC, and so the 229 

measurement conditions approximate measurement in the post-absorptive state14. Many free-living 230 

sedentary behaviours will be carried out in a post-prandial state, and so will have energy costs slightly 231 

higher than those measured in the present study. Sit- to -stand postural transitions are very common 232 

among pre-school children during sedentary activities25,26,29 and the exclusion of these from the 233 

measures made in the WRC (using direct observation) in the present study means that the estimates of 234 

the energy cost of these behaviours in the present study may be conservative. The present study could 235 

not include all forms of sedentary behaviour which young children experience30, and did not include 236 

screen-based gaming (some relatively new screen-based gaming devices appear to be particularly 237 

popular with young children)31. Finally, the dearth of evidence on the energy cost of common 238 

sedentary behaviours, with contemporary definitions of sedentary7,32, in a range of contemporary 239 

populations, means that generalisability of the present study should not be assumed.  240 

 241 

Conclusions 242 

In conclusion, the present study suggests that common ‘postural sedentary’ activities in young 243 

children have an energy cost which would mean that they can be considered as ‘sedentary’ according 244 

to the current consensus definition which incorporates energy expenditure. The present study is 245 

therefore supportive of the use of the current definition of ‘sedentary’ in young children7. 246 

 247 

Practical Implications 248 

 Defining sedentary behaviour in young children is important to evaluating interventions, 249 

understanding prevalence and trends, and assessing the health impact of sedentariness. 250 

 The current consensus definition of sedentary behaviour is robust in young children and can 251 

be used with greater confidence as a result. 252 
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 Common sedentary behaviours in young children have energy costs between 1.2-1.4 METs, 253 

and energy expenditure during sedentary time can be estimated using these values. 254 

 255 

Acknowledgements 256 

We thank Harry Battam for his technical support and Melinda Smith for her assistance with 257 

recruitment and for leading the participants through the activity protocol. We also thank the children 258 

and their parents for their participation. This study was supported by the National Heart Foundation of 259 

Australia (project grant GIA09S4441; plus personal awards PH 11S 6025; CR 11S 6099). 260 

Conflicts of Interest: None Declared.261 



11 
 

References 262 

1. Thorp AA, Owen N, Neuhaus M et al. Sedentary Behaviors and Subsequent Health Outcomes in 263 

Adults: A Systematic Review of Longitudinal Studies, 1996-2011. Am J Prev Med 2011; 41:207-215. 264 

2. Tremblay MS, Colley RC, Saunders TJ et al . Physiological and health implications of a sedentary 265 

lifestyle. Appl Physiol Nutr Metab 2010; 35:725-740. 266 

3. Tremblay MS, Le Blanc AG, Kho ME, Saunders TJ, Larouche R, Colley RC, Goldfield G, Connor-267 

Gorber S. Systematic review of sedentary behaviour and health indicators in school-age children and 268 

youth. Int J Behav Nutr Phys Act 2011; 8:98. 269 

4. Le Blanc AG, Spence JC, Carson V, Connor-Gorber S, Dillman C, Janssen I, Kho ME, Stearns JA, 270 

Timmons BW, Tremblay MS. Systematic review of sedentary behaviours and health indicators in the 271 

early years. Appl Physiol Nutr Metab 2012; 37:753-772. 272 

5. Verloigne M, van Lippenvelde W, Maes L et al. Levels of physical activity and sedentary time 273 

among 10-12y old boys and girls across 5 European countries using accelerometers. Int J Behav Nutr 274 

Phys Act 2012; 9:34. 275 

6. Mitchell JA, Pate RR, Dowda M et al . Prospective study of sedentary behavior in a large cohort of 276 

youth. Med Sci Sports Exerc 2012; 44:1081-7. 277 

7. Sedentary Behaviour Research Network. Standardised use of the terms" sedentary" and" sedentary 278 

behaviours": letter to the editor. Appl Physiol Nutr Metab 2012; 37:540-542. 279 

24.  280 

8. Newton Jr RL, Han H, Zderic T et al. The Energy Expenditure of Sedentary Behavior: A Whole 281 

Room Calorimeter Study. PLoS ONE 2013; 8:e63171. 282 

9. Harrell JS, McMurray RG, Baggett CD et al. Energy costs of physical activities in children and 283 

adolescents. Med Sci Sports Exerc 2005; 37:329-336. 284 

10. Ridley K, and Olds TS. Assigning energy costs to activities in children: a review and synthesis. 285 

Med Sci Sports Exerc 2008; 40:1439-1446. 286 

11. Puyau MR, Adolph AL, Vohra FA et al. Validation and calibration of physical activity monitors 287 

in children. Obes Res 2002; 10:150-157. 288 



12 
 

12. EvensonKR, Catellier DJ, Gill K et al Calibration of two objective measures of physical activity 289 

for children. J Sports Sci 2008; 26:1557-1568. 290 

13. Adolph AL, Puyau MR, Vohra FA et al. Validation of uniaxial and triaxial accelerometers for the 291 

assessment of physical activity in preschool children. J Phys Act Health 2012; 9:944-953. 292 

14. Janssen X, Cliff DP, Okely AD et al. Practical utility and reliability of whole-room calorimetery 293 

in young children. Br J Nutr 2013; 109:1917-1922. 294 

15. Ridley K, Ainsworth BE, Olds TS. Development of a compendium of energy expenditures for 295 

youth. Int J Behav Nutr Phys Act 2008; 5:45. 296 

16. Janssen X, Cliff D, Reilly JJ et al. Validation of activPAL™ Defined Sedentary Time and Breaks 297 

in Sedentary Time in 4-6 Year Olds. Pediatr Exerc Sci 2014; 26:110-117. 298 

17. Janssen X, Cliff DP, Reilly JJ et al. Predictive validity and classification accuracy of ActiGraph 299 

energy expenditure equations and cut-points in young children. PLoS ONE 2013; 8:e79124. 300 

18. Schoffelen PFM, Westerterp KR, Saris WHM et al. A dual-respiration chamber system with 301 

automated calibration. J Appl Physiol 1997; 83:2064-2072. 302 

19. Weir JB. New methods for calculating metabolic rate with special reference to protein 303 

metabolism. J Physiol 1949; 109:1-9. 304 

20. Schofield WN. Predicting basal metabolic rate, new standards and review of previous work. Hum 305 

Nutr Clin Nutr 1985; 39:5-41. 306 

21. Reilly JJ, Jackson DM, Montgomery C et al. Total energy expenditure and physical activity in 307 

young Scottish children: mixed longitudinal study. The Lancet 2004; 363:211-212. 308 

22. Jackson DM, Pace L, and Speakman JR. The Measurement of Resting Metabolic Rate in 309 

Preschool Children. Obesity 2007; 15:1930-1932. 310 

23. Heil DP. Predicting Activity Energy Expenditure Using the Actical® Activity Monitor. Res Q 311 

Exerc Sport 2006; 77:64-80. 312 

24. Van Puyenbroeck J, Maes B, and Laeremans P. Vitessa (Version 0.1). University of Leuven, 313 

Belgium., 2005, p. Computer software; retrieved from http://ppw.kuleuven.be/ortho/vitessa.accessed 314 

19th November 2013. 315 

http://ppw.kuleuven.be/ortho/vitessa.accessed


13 
 

25. Davies G, Reilly JJ, and Paton JY. Objective measurement of posture and posture transitions in 316 

the pre-school child. Physiol Meas 2012; 33:1913-1921. 317 

26. Davies G, Reilly JJ, McGowan A et al..Validity, practical utility, and reliability of the activPAL in 318 

pre-school children. Med Sci Sports Exerc 2012; 44:761-768. 319 

27. Trost SG, Loprinzi PD, Moore R et al. Comparison of accelerometer cut points for predicting 320 

activity intensity in youth. Med Sci Sports Exerc 2011; 43:1360-1368. 321 

28. Rodriguez G, Moreno LA, Sarria A, Fleta J, Bueno M. Resting energy expenditure in children and 322 

adolescents: agreement between calorimetry and prediction equations. Clin Nutr 2002; 21:255-260. 323 

29. Alghaeed Z, Reilly JJ, Chastin SF et al. The Influence of minimum sitting period of the 324 

ActivPAL™ on the measurement of breaks in sitting in young children. PLoS ONE 2013; 8:e71854. 325 

30. Reilly JJ. Physical activity, sedentary behaviour, and energy balance in the pre-school child. Proc 326 

Nutr Soc 2008; 67:317-325. 327 

31. Christakis DA. Interactive media use under the age of 2 years. JAMA Pediatr 2014; 168:399-400. 328 

32. Pate RR, O'Neill JR, Lobelo F. The evolving definition of 'sedentary'. Exerc Sport Sci Rev 2008; 329 

36:173-178. 330 

  331 



14 
 

Table 1. Whole room calorimetry protocol 332 

Activity Time (min) 

Behaviour  

Watching TV–sitting in a beanbag 30 

Talking on telephone with parents – sitting  2 

Reading books with a cassette/CD – sitting 5 

Drawing/colouring in – sitting 10 

Playing with toys, blocks (Lego), dolls, puzzles, games – sitting on floor 20 

 333 

 334 

 335 

 336 

 337 

 338 

 339 

 340 

 341 

 342 

  343 
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Table 2. Characteristics of study participants, mean (SD). 344 

 

Total sample 

(n=40) 

Boys  

(n=22) 

Girls  

(n=18) 

Age (years) 5.3 (1.0) 5.2 (1.0) 5.3 (1.1) 

Height (cm) 112.7 (8.1) 114.3 (6.2) 110.9 ( 9.7) 

Weight (kg) 20.6 (3.7) 21.5 (2.4) 19.4 (4.6) 

BMI (kg/m2) 16.1 (1.5) 16.5 (1.3) 15.5 (1.6) 

BMI z-score 0.34 (1.07) 0.66 (0.88) -0.05 (1.18) 

 345 

  346 
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Table 3. Energy expenditure values for each sedentary activity, mean (SD). 347 

 

O2 ml/kg/min kcal/kg/min METsa 

Predicted BMRb  0.032 (0.003) 1.00 

Watching TV 7.64 (2.47) 0.037 (0.010)† 1.17 (0.30) † 

Sitting at a table 9.25 (1.82)* 0.044 (0.007)*† 1.38 ( 0.22)* † 

Playing with toys 8.83 (2.10) 0.043 (0.009)*† 1.35 (0.23)* † 

a METs defined as mutliples of predicted basal metabolic rate using the Schofield equation19; 348 

b predicted basal metabolic rate using the Schofield equation; *p<0.05 compared to watching 349 

television; † p<0.05 compared to predicted BMR 350 

 351 

 352 


