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Table 3. Correlations between daily energy expenditure measured by the accelerometer and 3DPAR and per day and sex

Accelerometer vs. 3DPAR correlations

Groups Friday Thursday Saturday
r 95% CI 95% CI r 95% CI

All 0.56* 0.45-0.68 0.55* 0.42-0.65 0.56* 0.43-0.67
Boys 0.69* 0.56-0.82 0.73* 0.60-0.86 0.67* 0.54-0.80
Girls 0.61* 0.48-0.74 0.60* 0.46-0.72 0.59* 0.43-0.70
3DPAR - 3-Day Physical Activity Recall
*p<0.001

Discussion reliability remained satisfactory for intra-individual

The results provided evidence for moderate valid-
ity of 3DPAR in assessing DEE among children and
adolescents aged 10-12 years when compared with
the criterion measurement. DEE values for 3DPAR and
the accelerometer yielded similar results on Thursday
and Saturday.

As for the criterion validity, Eklund et al. [39] used
heart rate for comparisons; nevertheless, they did not
find any difference between DEE estimated by 3DPAR
and heart rate in 30 adolescents (15.0 £ 1.0 years of
age). In this study, the internal consistency presented
by Cronbach’s alpha values equalled 0.73 for test
and 0.86 for retest. The results were similar to those
of 2 different studies [40, 41] that revealed good inter-
nal consistency of measuring DEE.

Regarding reliability, in a study by Sallis et al. [42],
performed in a sample of 112 adolescents (15-18 years
old), the 7-Day Physical Activity Recall (7DPAR),
a physical activity diary similar to 3DPAR, yielded ICC
of 0.77 (1 week between tests). In another study, Lee
and Trost [7] assessed the reliability of 3DPAR among
221 Singaporean adolescents (13-16 years old), achiev-
ing an ICC of 0.90 (8 hours between tests). Pavlidou
et al. [41] tested 3DPAR reliability in 61 children of
both sexes (10-11 years old); after 1 week, a retest was
applied, yielding an ICC of 0.61 for the 3 consecutive
days. De Farias Junior [43] evaluated reliability in
a sample of 45 adolescents aged 15-18 years (16.00
+ 1.28). The test and retest had an interval of 24 hours,
showing an ICC of 0.84 (95% CI: 0.73-0.91). Argiropou-
lou et al. [44] investigated 3DPAR reliability among
40 adolescents (13.5 + 0.8 years old) in 1 week, yield-
ing an ICC of 0.97 (p < 0.001). In the present study,
3DPAR demonstrated an ICC of 0.70 in 1 week between
test and retest. Although we measured crude DEE
(kcal) and the studies cited above determined DEE as
MET - min’}, total MET, moderate to vigorous physical
activity (min), and vigorous physical activity (min), the
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assessment and test-retest [5, 45-47].

With reference to the criterion validity, the mean
Pearson correlation value was 0.58 (p < 0.001), con-
sidered moderate. Studies that validated 3DPAR us-
ing an accelerometer [5, 37, 40, 41, 44-49] or pedom-
eter [7, 40] in children and adolescents found values
between 0.40 and 0.72, all of them significant. Age
groups varied between 10 and 18 years of age; how-
ever, it seems that age is not a determinant of 3DPAR
validation.

In this study, crude predicted DEE of the acceler-
ometer was correlated to DEE predicted by 3DPAR.
As opposed to the studies that used pedometers (num-
ber of steps) or accelerometers (counts - min™) as the
criterion method [46, 47, 50], DEE values predicted
by our accelerometer are expressed in kilocalories,
which is obtained by the association of the movement
with the heart rate. Our hypothesis is that correlating
measures of the same unit could bring advantages to
the study on the prediction error of DEE since pedom-
eters and accelerometers need equations to assess DEE
oritis arbitrarily evaluated as an indirect measure of
intensity (counts - min™). Even though, our measures
are similar to those obtained in the other studies.

Regarding the DEE error between methods for the
3 days, the mean error is 292 kcal (95% CI = 495
kcal - day™). Our study sub-estimated DEE - day™.
Only Argiropoulou et al. [44] assessed crude DEE,
although no statistical analysis was applied to it. In
a study conducted by Machado-Rodrigues et al. [48]
among Portuguese children and adolescents that used
accelerometers, an error of 0.25 kcal - min™ (approxi-
mately 360 kcal - day™') was found. Also, Martinez-
Gomez et al. [47] reported an error of 32 minutes of
moderate to vigorous physical activity per day. In crude
values, for a child that weighs 43 kg, the error would be
151-333 kcal. All the other studies did not present
a Bland-Altman plot [40, 41, 49]; thus, the prediction
error was not assessed. Although the mean error value
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(292 kcal) could be considered small, it is important to
highlight two problems. First, it is related to the limits
of agreement. The values could be between -1200 kcal
and 600 kcal, a wide range of estimates for the bias.
Second, apparently a bias of approximately 292 kcal
cannot be considered low for children who have a DEE
of 1500 kcal.

The present study has some limitations that should
be addressed in future research. The inclusion of chil-
dren and adolescents within the age range of 10-12
years might limit the generalization of data. Also, some
factors could have led to an augmentation of the corre-
lation between methods. One of them is using a spe-
cific compendium for children and adolescents, and
the other is dividing an hour into 4 blocks of 15 minutes
since children and adolescents have a higher vari-
ability of activities in a short period. All cited studies
applied a compendium for adults and the hours were
divided into 2 blocks of 30 minutes. Even though we
used different compendiums and divided an hour
into 4 blocks, it did not seem to influence the results
since they did not differ from those obtained in other
studies. As the prediction error of both methods is
similar to the ones reported in the literature, the error
could be ascribed to a misunderstanding of the ques-
tionnaire, mainly with reference to intensity. Some
participants of our study (n = 5) classified an activity as
intense even performing it for 4 hours. It could explain
the error between the methods.

Conclusions

3DPAR presented satisfactory reliability and moder-
ate correlations with the criterion measurement in
children and adolescents aged 10-12 years but with
a wide range of the limits of agreement. Thereby, despite
3DPAR being a low-cost method, feasible in large sam-
ples, it should be used with caution for DEE in chil-
dren and adolescents.

Acknowledgments

The authors thankfully acknowledge all children
and adolescents who made the study possible, as well
as their parents, teachers, and schools for the collabo-
ration in the project.

Disclosure statement

This study was financed by the Coordenagao de
Aperfeicoamento de Pessoal de Nivel Superior - Brasil
(CAPES), the National Council for Scientific and Tech-
nological Development (CNPq) and FAPEMIG.

Conflict of interest

The authors state no conflict of interest.

References

1.

10.

11.

12.

Fryar CD, Carroll MD, Ogden CL. Prevalence of over-
weight, obesity, and severe obesity among children and
adolescents aged 2-19 years: United States, 1963-1965
through 2015-2016. NCHS Health E-Stats; 2018.

. Lobstein T, Jackson-Leach R. Planning for the worst:

estimates of obesity and comorbidities in school-age
children in 2025. Pediatr Obes. 2016;11(5):321-325;
doi: 10.1111/ijpo.12185.

. Skinner AC, Perrin EM, Moss LA, Skelton JA. Cardio-

metabolic risks and severity of obesity in children and
young adults. N Engl J Med. 2015;373(14):1307-1317;
doi: 10.1056/NEJMoal502821.

. Rivera JA, de Cossio TG, Pedraza LS, Aburto TC, San-

chez TG, Martorell R. Childhood and adolescent over-
weight and obesity in Latin America: a systematic re-
view. Lancet Diabetes Endocrinol. 2014;2(4):321-332;
doi: 10.1016/S2213-8587(13)70173-6.

. Dollman J, Stanley R, Wilson A. The concurrent va-

lidity of the 3-Day Physical Activity Recall in Australian
youth. Pediatr Exerc Sci. 2015;27(2):262-267; doi:
10.1123/pes.2014-0117.

. Dollman J, Okely AD, Hardy L, Timperio A, Salmon J,

Hills AP. A hitchhiker’s guide to assessing young peo-
ple’s physical activity: deciding what method to use. J
Sci Med Sport. 2009;12(5):518-525; doi: 10.1016/j.
jsams.2008.09.007.

. Lee KS, Trost SG. Validity and reliability of the 3-day

physical activity recall in Singaporean adolescents.
Res Q Exerc Sport. 2005;76(1):101-106; doi: 10.1080/
02701367.2005.10599265.

. Brage S, Brage N, Franks PW, Ekelund U, Wareham NJ.

Reliability and validity of the combined heart rate and
movement sensor Actiheart. Eur J Clin Nutr. 2005;59(4):
561-570; doi: 10.1038/sj.ejcn.1602118.

. Troiano RP, Berrigan D, Dodd KW, Masse L.C, Tilert T,

McDowell M. Physical activity in the United States
measured by accelerometer. Med Sci Sports Exerc.
2008;40(1):181-188; doi: 10.1249/mss.0b013e31815a
51b3.

Butte NF, Wong WW, Lee JS, Adolph AL, Puyau MR,
Zakeri IF. Prediction of energy expenditure and physical
activityinpreschoolers. Med Sci Sports Exerc. 2014;46(6):
1216-1226; doi: 10.1249/MSS.0000000000000209.
Colley RC, Carson V, Garriguet D, Janssen I, Roberts KC,
Tremblay MS. Physical activity of Canadian children
and youth, 2007 to 2015. Health Rep. 2017;28(10):8-16.
Rousset S, Fardet A, Lacomme P, Normand S, Mon-
taurier C, Boirie Y, et al. Comparison of total energy ex-
penditure assessed by two devices in controlled and
free-living conditions. EurJ Sport Sci. 2015;15(5):391-
399; doi: 10.1080/17461391.2014.9493009.

929

Human Movement, Vol. 22, No 2, 2021
humanmovement.pl



HUMAN MOVEMENT

V.O. Damasceno et al., 3DPAR validity in children and adolescents

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Corder K, Brage S, Wareham NJ, Ekelund U. Compar-
ison of PAEE from combined and separate heart rate
and movement models in children. Med Sci Sports
Exerc. 2005;37(10):1761-1767; doi: 10.1249/01.mss.
0000176466.78408.cc.

Ndahimana D, Kim E-K. Measurement methods for
physical activity and energy expenditure: a review. Clin
Nutr Res. 2017;6(2):68-80; doi: 10.7762/cnr.2017.
6.2.68.

Loprinzi PD, Cardinal BJ. Measuring children’s physi-
cal activity and sedentary behaviors. J Exerc Sci Fit.
2011;9(1):15-23; doi: 10.1016/S1728-869X(11)60002-6.
Khan A, Burton NW. Is physical inactivity associated
with depressive symptoms among adolescents with high
screen time? Evidence from a developing country. Ment
Health Phys Act. 2017;12:94-99; doi: 10.1016/j.mhpa.
2017.03.001.

Roberts AJ, Yi-Frazier JP, Aitken KE, Mitrovich CA,
Pascual MF, Taplin CE. Do youth with type 1 diabetes
exercise safely? A focus on patient practices and gly-
cemic outcomes. Pediatr Diabetes. 2017;18(5):367-375;
doi: 10.1111/pedi.12402.

Lockwood J, Jeffery A, Schwartz A, Manlhiot C, Sch-
neiderman JE, McCrindle BW, et al. Comparison of
a physical activity recall questionnaire with accelerom-
etry in children and adolescents with obesity: a pilot
study. Pediatr Obes. 2017;12(5):e41-e45; doi: 10.1111/
ijpo.12172.

Lopez-Gil JF, Brazo-Sayavera J, Garcia-Hermoso A,
Yuste Lucas JL. Adherence to Mediterranean diet re-
lated with physical fitness and physical activity in
schoolchildren aged 6-13. Nutrients. 2020;12(2):567;
doi: 10.3390/nu12020567.

Ridley K, Ainsworth BE, Olds TS. Development of a com-
pendium of energy expenditures for youth. Int J Behav
Nutr Phys Act. 2008;5:45; doi: 10.1186/1479-5868-5-45.
Stefan L, Kasovi¢ M, Zvonar M. Association between
the levels of physical activity and plantar pressure in
6-14-year-old children. PeerJ. 2020;8:e8551; doi:
10.7717/peer;j.8551.

Das Virgens Chagas D, Aradjo DV, Gama D, Macedo L,
Camaz Deslandes A, Batista LA. Translation and cross-
cultural adaptation of the Physical Activity Question-
naire for older Children into a Brazilian Portuguese
version. Hum Mov. 2020;21(1):32-39; doi: 10.5114/
hm.2020.88151.

Pelegrini A, de Araujo Pinto A, Petroski EL. Agreement
between body mass index and the sum of skinfolds in
adolescents with different levels of physical activity.
Hum Mov. 2018;19(2):11-17; doi: 10.5114/hm.2018.
74056.

Barr-Anderson DJ, Bauer KW, Hannan PJ, Story M,
Neumark-Sztainer D. Perception vs reality: is perceived
or objective proximity to physical activity opportuni-
ties in the environment more associated with recent
use among adolescent girls? Women Sport Phys Act J.
2014;22(2):107-112; doi: 10.1123/wspaj.2014-0009.

100

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Nightingale TE, Rouse PC, Thompson D, Bilzon JLJ.
Measurement of physical activity and energy expendi-
ture in wheelchair users: methods, considerations and
future directions. Sports Med Open. 2017;3(1):10; doi:
10.1186/s40798-017-0077-0.

Dominick GM, Saunders RP, Dowda M, Kenison K,
Evans AE. Effects of a structural intervention and im-
plementation on physical activity among youth in resi-
dential children’s homes. Eval Program Plann. 2014
;46:72-79; doi: 10.1016/j.evalprogplan.2014.05.011.
Graham DJ, Bauer KW, Friend S, Barr-Anderson DJ,
Nuemark-Sztainer D. Personal, behavioral, and socio-
environmental correlates of physical activity among
adolescent girls: cross-sectional and longitudinal as-
sociations. J Phys Act Health. 2014;11(1):51-61; doi:
10.1123/jpah.2011-0239.

Rodriguez Garcia PL, Pérez Soto JJ, Garcia Canto E,
Rosa Guillamén A. Cross-cultural adaptation of a ques-
tionnaire that evaluates physical activity among chil-
drenaged 10 and 11. Arch Argent Pediatr. 2015;113(3):
198-204; doi: 10.5546/aap.2015.198.

To QG, Gallegos D, Do DV, Tran HTM, To KG, Whar-
ton L, et al. The level and pattern of physical activity
among fifth-grade students in Ho Chi Minh City, Vi-
etnam. Public Health. 2018;160:18-25; doi: 10.1016/j.
puhe.2018.03.021.

McBrearty D, McCrorie P, Granat M, Duncan E, Stans-
field B. Objective assessment of intensity categoriza-
tion of the previous day physical activity recall ques-
tionnaire in 11-13 year old children. Physiol Meas.
2014;35(11):2329-2342; doi: 10.1088/0967-3334/35/
11/2329.

Goulart EA, Maria P, De Bem FL, Pires MC, Gomes
de Barros MV, da Silva Duatce MF, et al. Reproduci-
bility and validity of the 3 DPAR Physical Activity Ques-
tionnaire in a sample of Brazilian adolescents. Med Sci
Sports Exerc. 2001;33(5):S144; doi: 10.1097/00005
768-200105001-00816.

Wang P-S, Huang Y-C, Wu S-FV, Wang K-M. Effects
of daily energy expenditure on academic performance of
elementary students in Taiwan. Jpn J Nurs Sci. 2014;
11(1):1-9; doi: 10.1111/j.1742-7924.2012.00230.x.
International Society for the Advancement of Kinan-
thropometry. International standards for anthropomet-
ric assessment. Underdale: International Society for
the Advancement of Kinanthropometry; 2001.
Slaughter MH, Lohman TG, Boileau RA, Horswill CA,
Stillman RJ, Van Loan MD, et al. Skinfold equations
for estimation of body fatness in children and youth.
Hum Biol. 1988;60(5):709-723.

Slingerland M, Borghouts LB, Hesselink MKC. Physical
activity energy expenditure in Dutch adolescents: con-
tribution of active transport to school, physical educa-
tion, and leisure time activities. J Sch Health. 2012;
82(5):225-232;d0i:10.1111/j.1746-1561.2012.00691..x.
Schofield WN. Predicting basal metabolic rate, new
standards and review of previous work. Hum Nutr Clin
Nutr. 1985;39(Suppl. 1):5-41.

Human Movement, Vol. 22, No 2, 2021
humanmovement.pl



HUMAN MOVEMENT

V.0O. Damasceno et al., 3DPAR validity in children and adolescents

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Pate RR, Ross R, Dowda M, Trost SG, Sirard JR. Vali-
dation of a 3-Day Physical Activity Recall instrument in
female youth. Pediatr Exerc Sci. 2003;15(3):257-265;
doi: 10.1123/pes.15.3.257.

Damasceno VO, Silva AC, Amorim PR, Lima JRP, Vi-
anna JM, Gongalves R, et al. Cross-cultural adapta-
tion of the questionnaire Three Day Physical Activity
Recall [in Portuguese]. Rev Bras Med Esporte. 2017;
23(2):93-97;doi: 10.1590/1517-869220172302141856.
Ekelund U, Yngve A, Sjostrom M. Total daily energy
expenditure and patterns of physical activity in adoles-
cents assessed by two different methods. Scand J Med
SciSports. 1999;9(5):257-264;doi: 10.1111/j.1600-0838.
1999.th00243.x.

Pavlidou S, Michalopoulou M, Aggelousis N, Taxil-
daris K. Validation of a Three-Day Physical Activity
Record and the SW200 pedometer in Greek children.
Biol Exerc. 2011;7(1):25-39.

Pavlidou S, Michalopoulou M, Aggelousis N, Taxil-
daris K, Bounova A. Convergent validity and reliability
of a three-day Physical Activity Record in Greek chil-
dren. Int Q Sport Sci. 2010;1(1):1-8.

Sallis JF, Buono MJ, Roby JJ, Micale FG, Nelson JA.
Seven-day recall and other physical activity self-re-
ports in children and adolescents. Med Sci Sports Exerc.
1993;25(1):99-108; doi: 10.1249/00005768-1993010
00-00014.

De Farias Janior JC. Association between prevalence
of physical inactivity and indicators of socio-economic
status in adolescents [in Portuguese]. Rev Bras Med
Esporte. 2008;14(2):109-114; doi: 10.1590/S1517-
86922008000200005.

Argiropoulou EC, Michalopoulou M, Aggeloussis N,
Avgerinos A. Validity and reliability of physical activity
measures in Greek high school age children. J Sports
Sci Med. 2004;3(3):147-159.

Zuazagoitia A, Montoya I, Grandes G, Arietaleaniz-
beascoa MS, Arce V, Martinez V, et al. Reliability and
validity of the 7-day Physical Activity Recall interview in
a Spanish population. Eur J Sport Sci. 2014;14(Suppl. 1):
S361-S368; doi: 10.1080/17461391.2012.705332.
Cancela JM, Lago J, Ouvifa L, Ayan C. Validity of the
24-h previous day physical activity recall (PDPAR-24)
in Spanish adolescents [in Spanish]. Nutr Hosp. 2015;
31(4):1701-1707; doi: 10.3305/nh.2015.31.4.8310.
Martinez-Gémez D, Wirnberg J, Welk GJ, Sjostrom M,
Veiga OL, Marcos A. Validity of the Bouchard activity
diary in Spanish adolescents. Public Health Nutr. 2010;
13(2):261-268; doi: 10.1017/S1368980009990681.
Machado-Rodrigues AM, Figueiredo AJ, Mota J,
Cumming SP, Eisenmann JC, Malina RM, et al. Con-
current validation of estimated activity energy expend-
iture using a 3-day diary and accelerometry in adoles-
cents. Scand J Med Sci Sports. 2012;22(2):259-264;
doi: 10.1111/j.1600-0838.2010.01155.x.

Stanley R, Boshoff K, Dollman J. The concurrent va-
lidity of the 3-day Physical Activity Recall questionnaire

50.

administered to female adolescents aged 12-14 years.
Aust Occup Ther J. 2007;54(4):294-302; doi: 10.1111/
j.1440-1630.2007.00659.x.

Olds TS, Ridley K, Dollman J, Maher CA. The validity
of a computerized use of time recall, the multimedia
activity recall for children and adolescents. Pediatr
Exerc Sci. 2010;22(1):34-43; doi: 10.1123/pes.22.1.34.

101

Human Movement, Vol. 22, No 2, 2021
humanmovement.pl



