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Abstract – The aim of this study was to verify the criterion and cross-validity of acce-
lerometer thresholds for distinguishing different physical activity intensities and iden-
tifying sedentary behavior in children and adolescents. A systematic literature review 
was conducted using the PubMed, Scopus, Sports Discus and Web of Science databases. 
Inclusion criteria were: a) derivation and/or validation of accelerometer thresholds related 
to intensity of physical activity in youth (age 2 to 18 years); b) use of indirect calorimetry 
or direct observation as the reference method; c) original research articles published 
in English, Portuguese or Spanish. Nineteen studies were selected. The accelerometers 
most often investigated were ActiGraph, RT3 and Actical. Thresholds showed good to 
moderate validity in the calibration phase (sensitivity = 68 to 100%; specificity = 61 to 
100%). Generalizability of the thresholds was higher when they were tested on indepen-
dent samples (Kappa = 0.72 to 0.91; sensitivity = 79 to 94%; specificity = 72 to 98%) than 
during independent activities (Kappa = 0.46 to 0.71; sensitivity = 27 to 97%; specificity 
= 52 to 95%). One calibration study tested the validity of thresholds in independent 
samples and activities, and only one threshold validation study was found. In conclusion, 
limited information is available on the generality of accelerometer thresholds for physical 
activity monitoring in children and adolescents. Validation studies are needed to identify 
appropriate thresholds for each type of accelerometer.      
Key words: Calibration; Motion; Motor activity; Validity of tests.

Resumo – O objetivo deste estudo foi verificar a validade (critério) e a generalidade (validade 
cruzada) dos limiares de acelerômetros para distinguir diferentes intensidades de atividade 
física em crianças e adolescentes. Uma busca sistemática da literatura foi conduzida nas 
bases de dados Pubmed, Scopus, Sports Discus e Web of Science. Os critérios de inclusão 
foram: a) derivação e/ou validação de limiares de acelerômetros relacionados à intensidade 
da atividade física em jovens (2 a 18 anos); b) uso da calorimetria indireta ou a observação 
direta como método de referência e; c) estudos em língua inglesa, espanhola ou portuguesa. 
Dezenove estudos foram selecionados. Os acelerômetros mais investigados foram o ActiGraph, 
o RT3 e o Actical. Os limiares apresentaram boa a moderada validade na fase de calibração 
(sensibilidade = 68-100%; especificidade = 61-100%). A generalidade dos limiares foi maior 
quando estes foram testados em amostras independentes (Kappa = 0,72-0,91; sensibilidade 
= 79-94%; especificidade = 72-98%) do que em atividades independentes (Kappa = 0,46-
0,71; sensibilidade = 27-97%; especificidade = 52-95%). Um único estudo de calibração 
testou a validade dos limiares em amostras e atividades independentes e apenas um estudo 
de validação de limiares foi localizado. Em conclusão, limitada informação foi constatada 
quanto à generalidade dos limiares de acelerômetros para o monitoramento da atividade 
física habiltual de crianças e adolescentes. Estudos de validação são necessários para iden-
tificar limiares apropriados para cada modelo de acelerômetro. 
Palavras-chave: Atividade motora; Calibragem; Movimento; Validade dos testes.
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INTRODUCTION

The use of accelerometry in studies of physical activity in children and 
adolescents is becoming increasingly common.1 Accelerometers are 
electronic devices that measure the acceleration of body movement2 and 
enable objective quantification of the frequency, duration, and intensity 
of physical activity. Although accelerometry does not provide contextual 
information on physical activity and is unable to measure certain forms 
of activity correctly,3,4 its use in child and adolescent research prevents 
information bias, provides an improved understanding of the relationship 
between physical activity and health, and enables identification of findings 
that would otherwise be undetectable by subjective measurements.5

From an operational standpoint, accelerometer counts must be 
translated into a biologically or behaviorally significant variable.6 This 
process, known as calibration, involves the identification of thresholds 
associated with the intensity of physical activity or the conversion of ac-
celerometer counts into units of energy expenditure, using calorimetry 
or direct observation as a reference method. As the relationship between 
counts and biological or behavioral measures is influenced by physical 
and physiological parameters6 and that different accelerometer models 
collect and store data differently,2 it is recommended that population- 
and accelerometer-specific thresholds or predictive models of energy 
expenditure be developed. 

Over the past few years, a variety of accelerometer types have been cali-
brated in samples of children and adolescents, and several thresholds and 
prediction models have been made available. However, authors have noted 
that the time spent by children and adolescents on moderate-to-vigorous 
physical activities varies significantly according to the adopted threshold.7-9 
This may hinder comparison between studies on the prevalence of physical 
activity, and may affect the precision of effect measures in studies of the 
association between physical activity and health outcomes.

de Graauw et al.10 recently reviewed the validity of predictive models 
derived from accelerometer counts and found them able to provide precise 
measurements of physical activity-related energy expenditure in children 
and adolescents only at the group level. On the other hand, no published 
studies have systematically reviewed the thresholds available for each ac-
celerometer model and their indicators of validity in this population group. 
Therefore, the aim of the present study is to provide a systematic review of 
the criterion and cross-validity of accelerometer count thresholds for the 
classification of intensity of physical activity in children and adolescents. 

METHODS

The PubMed, Scopus, Sports Discus, and Web of Science databases were 
searched for studies that derived and/or validated accelerometer counts for 
determination of physical activity intensity in children and adolescents. 
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The search was limited to articles published until January 2011. Table 1 
describes the search strategy used in each database.  

Table 1. Keywords used to perform the literature search.

Databases Search string

PubMed
Web of Science
Scopus
Sports Discus

(accelerometer* or accelerometry or motion sensor* or activity monitor* or ActiGraph or Actical 
or Actiwatch or RT3 or Tritac or R3D or Mini-mitter) and (validity or validities or validity of results 
or validity and reliability or validation or valid or calibration or cut-points or cut-off or threshold*) 
and (physical activity or physical activities or locomotor activity or motor activities or sedentary 
or moderate or vigorous or energy expenditure or free-living activities) and (adolescent* or teen* 
or teenager* or youth* or adolescence or child or children or early childhood or young child or 
students or young or preschool*)

The criteria for inclusion were as follows: a) establishment and/or 
validation of accelerometer count thresholds for determination of the 
intensity of physical activity; b) sample composed of children and/or ado-
lescents (2–18 years); c) use of indirect calorimetry or direct observation 
as a reference method; d) original research articles published in English, 
Spanish, or Portuguese. Articles that mentioned accelerometer calibration 
only as a secondary portion of the Methods section were excluded, as were 
abstracts, review articles, dissertations, theses, monographs, book chapters, 
and duplicates. The references of all selected articles were also reviewed in 
an attempt to identify relevant studies not revealed by the literature search. 
No additional studies of relevance were thus identified. 

In order to enable comparison among thresholds and indicators of 
validity derived for each accelerometer model, data on a variety of pa-
rameters (sample profile, physical activity profile, reference measure, and 
method used for derivation of thresholds) were extracted from each study. 
Furthermore, two investigators (MR and FFR) carried out independent 
assessments of the methodological quality of each study, using a modified 
version of a checklist that has been previously employed elsewhere in the 
literature10,11 (Table 2). Any divergences in data extraction were reviewed 
by a third investigator (ELP). 

The criterion validity and cross-validity (generality) of thresholds 
were analyzed on the basis of the statistical measures adopted and their 
magnitude. Criterion validity was assessed by comparison of the intensity 
of physical activity as determined by each threshold versus a criterion 
measure. Cross-validity was assessed by comparison of the intensity of 
physical activity as determined by each threshold versus that determined 
by reference methods in independent samples and/or the same sample 
engaging in independent activities. Adequate measures of validity included 
sensitivity, specificity, and 95% limits of agreement (Bland–Altman plots). 
Other measures of validity included percent agreement, Cohen’s kappa (k), 
and intraclass, Pearson’s product-moment (r), and Spearman’s rank cor-
relation coefficients.12 Arbitrarily, a sensitivity and specificity of ≥80% was 
defined as indicative of good validity (+), ≥60% as indicative of moderate 
validity (±), and <60% as indicative of poor validity (-). Alternatively, good 
validity (+) was defined as k>0.60 and ≥90% agreement or r>0.75, moderate 
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validity (±) as k>0.40 and ≥70% agreement or r>0.50, and poor validity (-) 
as k≤0.40 and <70% agreement or r≤0.50.13

Table 2. Checklist containing items concerning study design (D), validity (V), and feasibility (F).

D1 Score Sample characteristics (n, gender, age, weight, height, BMI, %fat, health status)
1.0 ≥6 sample characteristics are described 
0.5 4-5 sample characteristics are described
0.0 ≤3 sample characteristics are described

D2 Protocol
1.0 Information on activities, duration and period of wearing motion sensor 
0.5 Information on period of wearing the motion sensor is missing
0.0 Not clear at all

D3 Measurements
1.0 Complete information on motion sensor (type, output, epoch, placement) and reference method(s) (type, output)

0.5 Some information on motion sensor (type, output, epoch, placement) and reference method(s) (type, 
output) is missing

0.0 Very limited information on motion sensor (type, output, epoch, placement) and reference method(s) 
(type, output)

D4 Statistical analyses
1.0 Complete information on statistical analysis (tests, subgroup analysis), statistical software package, and P-value
0.5 Some information on statistical analysis (tests, subgroup analysis), statistical software package, and P-value
0.0 Very limited information on statistical analysis (tests, subgroup analysis), statistical software package, and P-value

V1 Is criterion validity reported for the thresholds?
1.0 Yes
0.0 No

V2 Adequate measure of criterion validity?
1.0 Sensitivity/specificity
1.0 95% limits of agreement (Bland and Altman)
0.5 Cohen’s Kappa
0.5 Percent agreement
0.5 Intraclass, Pearson product-moment, or Spearman rank correlation coefficient
0.0 Other measures

V3 Acceptable level of criterion validity?
+ Sensitivity and specificity ≥80%, k>0.60, percent agreement ≥90%, r>0.75
± Sensitivity and specificity ≥60%, k>0.40, percent agreement ≥70%, r>0.50
- Sensitivity and specificity <60%, k≤0.40, percent agreement <90%, r≤0.50

V4 Is reliability reported for the thresholds (cross-validation analysis)?
1.0 Yes
0.0 No

V5 Adequate measure of reliability?
1.0 Sensitivity/specificity
1.0 95% limits of agreement (Bland and Altman)
0.5 Cohen’s Kappa
0.5 Percent agreement
0.5 Intraclass, Pearson product-moment, or Spearman rank correlation coefficient
0.0 Other measures

V6 Acceptable level of reliability?
+ Sensitivity and specificity ≥80%, k>0.60, percent agreement ≥90%, r>0.75
± Sensitivity and specificity ≥60%, k>0.40, percent agreement ≥70%, r>0.50
- Sensitivity and specificity <60%, k≤0.40, percent agreement <90%, r≤0.50

VI1 Is the amount of missing/lost data due to (malfunctioning of) the motion sensor reported? 
1.0 Yes
0.0 No

VI2 Acceptable amount of missing/lost data?
+ ≤5%
- >5%
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RESULTS

Our search strategy yielded 1558 studies, 19 of which were selected (Figure 
1). These studies provided thresholds for seven different models of acceler-
ometers. The most commonly investigated models were ActiGraph, RT3, 
and Actical. Overall, 16 thresholds for identification of sedentary behavior 
(SED), 23 for identification of moderately intense activity (MOD), and 20 for 
detection of vigorous physical activity (VIG) were identified. Five studies 
used direct observation as the reference method for comparison,14-18 whereas 
all others used indirect calorimetry for calibration. One study assessed the 
cross-validity of previously published thresholds for the ActiGraph model.19 
Eight provided cross-validation analysis, but only one used an independent 
sample and independent activities.17

  
Electronic database search
Limits: Published < Jan 2011

Duplicates: 556
Studies excluded on the basis of titles: 907

Studies selected for abstract analysis: 95

Studies selected for full-text analysis: 55

Studies included in review: 19

Studies excluded after analysis of abstracts: 40

Adults: 14
Review articles: 4
Abstracts or book chapters: 2
Unacceptable references standard: 5
Comparison between accelerometer and questionnaires or pedometers : 8
Equation validation (VO2, MET, energy expenditure): 6
Association between physical activity and risk factors:1

Studies excluded after analysis of full text: 36

Adults: 5
Pedometer studies: 1
Other languages: 1
Equation development (VO2, MET, energy expenditure): 16
Comparison or correlation between accelerometer 
and criterion methods:13

Figure 1. Selection of studies included in the review.

Checklist-derived scores suggest the included studies were of fair meth-
odological quality (mean score, 5.6±1.4 points; range, 3.5–8.0). Five studies 
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were of high quality (>6 points),14,16,17,20,21 and all others were of moderate 
quality (3.5–6.0 points). A single study provided feasibility data, noting an 
acceptable amount of data loss due to malfunctioning of the ActiGraph 
accelerometer (<5%).20

THRESHOLDS AND vALIDITy

Overall, thresholds had good to moderate validity in the calibration phase 
(sensitivity 68–100%, specificity 61–100%) (Table 3). The ActiGraph model 
exhibited good validity for SED-related thresholds (sensitivity 86–100%, 
specificity 91–100%) and moderate to good validity for MOD-related thresh-
olds (sensitivity 77–96%, specificity 61–100%) and VIG-related thresholds 
(sensitivity 68–100%, specificity 80–95%). In children and adolescents 
(age 6–18 years) specifically, ActiGraph thresholds ranged from 100 to 800 
counts·min-1 for SED, 1900–3600 counts·min-1 for MOD, and 3900–8200 
counts·min-1 for VIG. In preschoolers (age 2–5 years), thresholds ranged 
from 1100–1600 counts·min-1 for SED, 1680–3560 counts·min-1 for MOD, 
and 3370–5020 counts·min-1 for VIG.

RT3 thresholds were calculated only in child and adolescent stud-
ies. Thresholds ranged from 40–420 counts·min-1 for SED, 950–1860 
counts·min-1 for MOD, and 2330–4110 counts·min-1 for VIG. Only one study 
reported validation parameters,21 which were indicative of good threshold 
validity across all levels of physical activity intensity. The Actical acceler-
ometer exhibited good to moderate validity for SED-related thresholds 
(sensitivity 86–97%, specificity 72–98%), MOD-related thresholds (sensi-
tivity 78–97%, specificity 73–92%), and VIG-related thresholds (sensitiv-
ity 77–98%, specificity 61–79%). In children and adolescents, thresholds 
were set at 44–100 counts·min-1, 1500–2030 counts·min-1, and 2880–6500 
counts·min-1 for SED, MOD, and VIG respectively. In preschoolers, only 
one threshold was determined for MOD (715 counts·15s-1) and one for VIG 
(1411 counts·15s-1).

Table 3. Accelerometer count thresholds associated with intensity of physical activity (n=18).

Characteristics Threshold Criterion validity Cross-validity

ActiGraph (children and adolescents)

Vanhelst et al.22

Sample: n=40 (age 10–16); Activities: rest, reading, play-
ing video games, tabletop games, pickup football, walk-
ing (1.5 and 3 km/h), running (4 and 6 km/h). Criterion: 
indirect calorimetry. Method: ROC curves

SED=0-400 c·min
LEV=401-1900 c·min

MOD=1901-3918 c·min
VIG>3918 c·min

—
—
—
—

k=0.85
k=0.72
k=0.88
k=0.91

Evenson et al.23

Sample: n=33 (age 5–8); Activities: sitting, watching a 
DVD, coloring, walking (2 and 3 mph), climbing stairs, 
dribbling a basketball, pedaling, jumping jacks, running 
(4 mph). Criterion: indirect calorimetry. Method: ROC 
curves

SED=0-25 c·15s
LEV=26-573 c·15s

MOD=574-1002 c·15s
VIG≥1003 c·15s

Sn=95%; Sp=93%
—

Sn=77%; Sp=81%
Sn=68%; Sp=89%

Sn=100%; Sp=79%*
Sn=49%; Sp=91%*
Sn=88%; Sp=92%*
Sn=74%; Sp=94%*

Mattocks et al.20

Sample: n=163 (age 12); Activities: rest, playing video 
games, walking (slow and fast) and jogging at own pace, 
hopscotch. Criterion: indirect calorimetry. Method: 
regression model

MOD=3581-6129 c·min
VIG≥6130 c·min

Sn=96%; Sp=61%
Sn=74%; Sp=95%

Sn=57%; Sp=99%*
Sn=31%; Sp=99%*
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Characteristics Threshold Criterion validity Cross-validity

Treuth et al.24

Sample: n=74 (age 13–14); Activities: rest, watching TV, 
playing computer games, sweeping, walking (2.5 and 
3.5 mph), step aerobics, outdoors bicycling (12 mph), 
shooting baskets, climbing stairs, running (5 mph). 
Criterion: indirect calorimetry. Method: false-positives/
false-negatives analysis

SED=0-50 c·30s
LEV=51-1499 c·30s

MOD=1500-2600 c·30s
VIG>2600 c·30s

—
—
—
—

Sn=100%; Sp=79%*
Sn=55%; Sp=81%*
Sn=74%; Sp=96%*
Sn=48%; Sp=99%*

Puyau et al.25

Sample: n=26 (age 6–16); Activities: playing video 
games, coloring, playing with toys, warm-up exercises, 
walking (2.5 and 3.5 or 4 mph), martial arts, various 
games, running (4, 5, or 6 mph). Criterion: room calorim-
etry. Method: regression model

SED=0-800 c·min
LEV=800-3199 c·min

MOD=3200-8199 c·min
VIG≥8200 c·min

—
—
—
—

Sn=100%; Sp=61%*
Sn=12%; Sp=73%*
Sn=54%; Sp=99%*
Sn=7%; Sp=100%*

ActiGraph (preschoolers)

Cauwenberghe et al.15

Sample: n=18 (age 4–6); Activities: sitting, standing, 
drawing, walking and running (on treadmill, at seven 
different speed settings), outdoor walking, free play. 
Criterion: direct observation. Method: ROC curves  

SED=0-372 c·15s
LEV=373-584 c·15s

MOD=585-880 c·15s
VIG≥881 c·15s

Sn=86%; Sp=91%
—

Sn=87%; Sp=82%
Sn=88%; Sp=91%

—
—
—
—

Pate et al.26

Sample: n=30 (age 3–5); Activities: walking (2 and 3 
mph) and running (4 mph). Criterion: indirect calorim-
etry. Method: visual inspection of VO2 data

MOD=420-841 c·15s
VIG≥842 c·15s

—
—

Sn=97%; Sp=86%
Sn=66%; Sp=95%

Sirard et al.17

Sample: n=16 (age 3–5); Activities: sitting, playing while 
seated, slow and brisk walking, running. Criterion: direct 
observation. Method: ROC curves

SED<301ª, 363b, 398c 
c·min

MOD≥615a, 812b, 891c 
c·min

VIG≥1231a,1235b,1255c 
c·min

Sn=94-100%; 
Sp=92-100%

Sn=87-93%; Sp=67-
100%

Sn=96-100%; 
Sp=80-83%

r=0,70
r=0,46
r=0,61 

Reilly et al.18

Sample: n=30 (age 3-4); Activities: not reported. Crite-
rion: direct observation. Method: ROC curves SED<1100 c·min — Sn=83%; Sp=82%

RT3

Vanhelst et al.27

Sample: n=40 (age 10–16); Activities: rest, reading, play-
ing video games, tabletop games, pickup football, walk-
ing (1.5 and 3 km/h), running (4 and 6 km/h). Criterion: 
indirect calorimetry. Method: ROC curves

SED=0-40 c·min
LEV=41-950 c·min

MOD=951-3410 c·min
VIG>3410 c·min

—
—
—
—

k=0,87
k=0,75
k=0,91
k=0,89

Kavouras et al.28

Sample: n=42 (age 10–14); Activities: walking (4 and 
6 km/h), running (8 km/h), walking at grade (4 and 6 
km/h, 6% grade). Criterion: indirect calorimetry. Method: 
regression model

MOD=1323-2609 c·min
VIG≥2610 c·min

—
—

—
—

Chu et al.21

Sample: n=35 (age 8–12); Activities: reading, coloring or 
playing board games, walking (2.4 and 6 km/h), running 
(8 km/h). Criterion: indirect calorimetry. Method: ROC 
curves

SED< 7 c·s
LEV=7-30,9 c·s

MOD=31-68,4 c·s
VIG≥68,5 c·s

Sn=100%; Sp=100%
—

Sn=87%; Sp=100%
Sn=88%; Sp=97%

Sn=94%; Sp=98%
—

Sn=84%; Sp=72%
Sn=79%; Sp=84%

Rowlands et al.29

Sample: n=19 (age 9±1); Activities: playing computer 
games, walking (4 and 6 km/h), running (8 and 10 km/h), 
hopscotch, pickup football. Criterion: indirect calorim-
etry. Method: regression model

MOD=970-2332 c·min
VIG≥2333 c·min

—
—

—
—

Actical

Evenson et al.23

Sample: n=33 (age 5–8); Activities: sitting, watching a 
DVD, coloring, walking (2 and 3 mph), climbing stairs (88 
bpm), dribbling a basketball, jumping jacks, pedaling, 
running (4 mph). Criterion: indirect calorimetry; Method: 
ROC curves

SED=0-11 c·15s
LEV=12-507 c·15s

MOD=508-718 c·15s
VIG≥719 c·15s

Sn=97%; Sp=98%
—

Sn=78%; Sp=79%
Sn=77%; Sp=79%

—
—
—
—
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Characteristics Threshold Criterion validity Cross-validity

Pfeiffer et al.30

Sample: n=18 (age 3–5); Activities: walking (2 and 3 mph) 
and running (4 mph). Criterion: indirect calorimetry; 
Method: regression model.

MOD=715-1410 c·15s
VIG≥1411 c·15s

Sn=97%; Sp=92%
Sn=98%; Sp=61%

k=0,46
k=0,71

Puyau et al.31

Sample: n=32 (age 7–18); Activities: rest, playing video 
games, working at computer, dusting, aerobics, ball toss, 
walking (2 and 3 mph), running (4.5 to 7 mph). Criterion: 
room calorimetry. Method: regression model 

SED=0-100 c·min
LEV=100-1499 c·min

MOD=1500-6499 c·min
VIG≥6500 c·min

Sn=86%; Sp=72%
—

Sn=92%; Sp=73%
Sn=95%; Sp=70%

—
—
—
—

Actiwatch

Puyau et al.31

Sample: n=32 (age 7–18); Activities: rest, playing video 
games, working at computer, dusting, aerobics, ball toss, 
walking (2 and 3 mph), running (4.5 to 7 mph). Criterion: 
room calorimetry; Method: regression model.

SED=0-49 c·min
LEV=50-699 c·min

MOD=700-2499 c·min
VIG≥2500 c·min

Sn=86%; Sp=71%
—

Sn=92%; Sp=68%
Sn=97%; Sp=66%

—
—
—
—

Puyau et al.25

Sample: n=26 (age 6–16); Activities: playing video 
games, coloring, playing with toys, warm-up exercises, 
walking (2.5 and 3.5 or 4 mph), martial arts, various 
games, running (4, 5, or 6 mph). Criterion: room calorim-
etry. Method: regression model

SED=0-99 c·min
LEV=100-899 c·min

MOD=900-2199 c·min
VIG≥2200 c·min

—
—
—
—

—
—
—
—

Actiheart

De Bock et al.14

Sample: n=33 (age 3–6); Activities: normal preschool 
activities. Criterion: direct observation. Method: ROC 
curves

SED=0-45 c·15s ♂
SED=0-25 c·15s ♀

MOD=HR>134 bpm, >118 c·15s ♂
MOD=HR>138 bpm, >105 c·15s ♀

Sn=78%; Sp=52%
Sn=75%; Sp=61%
Sn=27%; Sp=91%
Sn=38%; Sp=93%

Biotrainer

Welk et al.16

Sample: n=30 (age 8–12); Activities: sitting, dribbling 
(while standing, walking, and running), walking, brisk 
walking, running. Criterion: direct observation. Meth-
ods: ROC curves and regression model

MOD≥4000 c·min — Sn=61%; Sp=93%

Activtracer

Tanaka et al.32

Sample: n=27 (age 5–6); Activities: rest, watching a video, 
coloring, playing with blocks, walking, climbing stairs, 
jogging at own pace, ball toss. Criterion: indirect calorim-
etry. Method: regression models

MOD=395-1037
VIG≥1038

Sn=77%; 
Sp=94%

—

—
—

*Generality indicators derived from Trost et al. (2011).
Sn denotes sensitivity; Sp, specificity; k, Cohen’s kappa; c·s, counts per second; c·15s, counts per 15 seconds; 
c·30s, counts per 30 seconds; c·min, counts per minute; HR, heart rate; bpm, beats per minute.
aThreshold for age 3; bthreshold for age 4; cthreshold for age 5.

CROSS-vALIDATION Of THRESHOLDS

Four ActiGraph calibration studies tested the cross-validity of thresholds 
determined on independent samples and/or activities.17,18,22,26 Cross-vali-
dation with independent samples showed good results for the thresholds 
reported by Vanhelst et al.22 (k=0.72–0.85) and Reilly et al.18 (sensitivity 
83%, specificity 82%). With independent activities, good to moderate cross-
validity was found for the MOD and VIG thresholds determined by Pate 
et al.26 (sensitivity 97 and 66%, specificity 86 and 95% respectively). With 
independent samples and activities, there was poor to moderate cross-
validity for the thresholds reported by Sirard et al.17 (r=0.46–0.71). An 
independent study tested the cross-validity of ActiGraph thresholds19 and 
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found that those reported by Evenson et al.23 performed better across differ-
ent physical activity intensities (k=0.68) as compared with other published 
thresholds (k=0.62–0.36).20,24,25 Overall, the Evenson et al. thresholds23 had 
good to moderate cross-validity for identification of SED, MOD, and VIG 
activities (Table 2).   

Two RT3 calibration studies tested the cross-validity of thresholds 
determined with independent samples.21,27 Vanhelst et al.27 reported 
good cross-validity of thresholds across all intensities of physical activity 
(k=0.75–0,91), whereas Chu et al.21 found good cross-validity for SED-
related thresholds (sensitivity 94%, specificity 98%) and moderate cross-
validity of MOD- and VIG-related thresholds (sensitivity 84 and 79%, 
specificity 72 and 84% respectively). The only cross-validation study of the 
Actical accelerometer was by Pfeiffer et al.,30 who tested the cross-validity of 
their thresholds with independent activities and reported moderate cross-
validity for the MOD-related threshold (k=0.46) and good cross-validity 
for the VIG-related threshold (k=0.71). Overall, cross-validity was greater 
when thresholds were tested on independent samples (k=0.72–0,91; sensi-
tivity 79–94%; specificity 72–98%)18,21,22,27 rather than independent activi-
ties (k=0.46–0.71; sensitivity 27–97%; specificity 52–95%)14,16,26,30 (Table 2).

DISCUSSION  

The present study reviewed the criterion validity and cross-validity of 
accelerometer count thresholds for classification of physical activity in-
tensity in children and adolescents. The ActiGraph, Actical, and RT3 ac-
celerometers were those most commonly calibrated, and their thresholds 
were strikingly different for each intensity of physical activity. Overall, 
there was good to moderate validity for discrimination of SED, MOD, 
and VIG activities. However, limited information was provided on the 
cross-validity of these thresholds when tested with independent samples 
and independent activities.

Differences in the criteria used to define the intensity of physical activ-
ity, sample size and profile, study protocol, and statistical procedures may 
have contributed to the discrepancies in thresholds determined for a single 
accelerometer model. It bears stressing that there is no clear understand-
ing of which procedures are most adequate for derivation of accelerometer 
thresholds, which explains the lack of methodological standardization of 
calibration studies. As an illustrative example, a wide range of criteria have 
been used to categorize physical activity in the literature, and there is ongo-
ing debate as to whether 3 or 4 METs should be used to define moderate 
activity in children and adolescents.33,34

Another important methodological aspect concerns the method used 
for threshold derivation. Traditionally, regression models or ROC curves 
have been used. The pros and cons of these methods have been discussed 
at length elsewhere.35,36 In short, although regression models enable deriva-
tion of thresholds adjusted to subject characteristics, their high standard 
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error is a major limitation.10 ROC curves, in turn, enable empirical testing 
of all possible thresholds on the ROC curve plot, which gives investigators 
the possibility of choosing the appropriate threshold based on the optimal 
balance between sensitivity and specificity. 

Regardless of the accelerometer model, thresholds exhibited good to 
moderate validity for determination of physical activity intensity as com-
pared with the reference criterion measures adopted in calibration studies. 
However, in general, thresholds for moderate and vigorous physical activity 
derived from protocols based on ambulatory activities (walking and run-
ning) had better validity15,17,21,30 than thresholds derived from protocols 
which included a combination of ambulatory and non-ambulatory activi-
ties.23,31,32 Indeed, certain non-ambulatory activities (dribbling a basketball, 
climbing stairs, jumping jacks, step aerobics, martial arts, ball tossing) 
tend to give lower accelerometer counts than ambulatory activities with a 
lower energy expenditure. 

Accordingly, most of the accelerometers identified in this review are 
more sensitive to activities with a major vertical acceleration component, 
such as walking and running. Furthermore, accelerometers tend to be 
less precise when recording movement of body segments other than that 
on which they were placed.37 This set of factors may explain the superior 
validity of thresholds derived from ambulatory activities. However, as 
the daily activities of children and adolescents are in no way restricted to 
ambulation, it is advisable for calibration studies to include activities that 
are truly representative of daily living in this population.36

There was limited information on the cross-validity of the thresholds 
identified in our review of the literature. Overall, threshold cross-validity 
indicators were superior when tested on independent samples than when 
tested with independent activities. Likewise, Corder et al.38 found that 
the accuracy of predictive models of energy expenditure derived from 
accelerometer counts is more dependent on the tested activities than on 
participant characteristics.  

Ideally, threshold cross-validity should be tested on independent 
samples and activities. Sirard et al.17 monitored 269 preschoolers within 
the school environment on different days and found poor to moderate 
correlation (r=0.46–0.70) between the sum of 15-second periods of physi-
cal activities of differing intensity when categorized by direct observation 
and when categorized by thresholds determined during the calibration 
stage. Trost et al.19 tested the cross-validity of various sets of ActiGraph 
thresholds in a sample of 206 participants between the ages of 5 and 15, 
using a protocol consisting of 12 activities of varying intensity (sedentary 
to vigorous), and found that the thresholds reported by Evenson et al.23 
outperformed those reported by Treuth et al.,24 Mattocks et al.,20 and Puyau 
et al.25 across all levels of physical activity. 

The ActiGraph accelerometer is the most widely used model in child 
and adolescent research,11 and that for which the most thresholds have been 
published. However, existing ActiGraph thresholds were developed with 
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the uniaxial 7164 and GT1M models. Although the anteroposterior axis 
of the GT1M accelerometer was made available with second-generation 
models, current GT1M thresholds use information obtained from the 
vertical axis alone. The ActiGraph motion sensor currently available on 
the market is the GT3X model. This device consists of a triaxial acceler-
ometer that collects information from three axes (vertical, medio-lateral, 
and anterior-posterior) and combines this information into a magnitude 
vector. Therefore, although acceleration data recorded by the vertical axis 
of the GT1M model is comparable to that provided by the GT3X model39 
for exploration of triaxial GT3X data, thresholds for the magnitude vector 
of this model have yet to be determined. 

In short, the present review found that accelerometer count thresholds 
have good to moderate validity for estimation of physical activity intensity 
in children and adolescents. However, there is limited information on the 
cross-validity of these thresholds on independent samples and activities. 
Presently, there is evidence to indicate use of the Sirard et al. thresholds17 
in preschoolers (poor to moderate cross-validity) and of the Evenson et al. 
thresholds23 in children and adolescents (good to moderate cross-validity). 
Future validation studies are required to determine the most appropriate 
thresholds for each accelerometer model. Count thresholds of the magni-
tude vector of the GT3X accelerometer are required for exploration of the 
triaxial capability of this new version of the ActiGraph device.
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