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Resumen
Introducción: el Cuestionario de Actividad Física para Niños y Adolescentes (PAQ-C y PAQ-A) ha sido ampliamente utilizado en entornos de 
investigación y en el trabajo de campo. Sin embargo, existe una falta de información sobre el signifi cado de su puntuación fi nal.

Objetivo: determinar los valores de corte del PAQ-C y el PAQ-A y el número de pasos diarios asociados utilizando una medida objetiva de 
actividad física como criterio de referencia.

Metodología: 146 niños (n = 83 niños, n = 63 niñas) y 234 adolescentes (n = 115 niños, n = 119 niñas) participaron en el estudio. Se utilizó 
acelerometría triaxial (Actigraph GT3X) durante 7 días y los participantes completaron el PAQ-C y/o PAQ-A al entregar el acelerómetro. En base 
a las recomendaciones internacionales de AF se crearon tres criterios relativos a si los participantes cumplían o no con las mismas (AFMV > 
60 min/día, AF vigorosa > 30 min/día, y AF total > 116 min/día; respectivamente). El análisis de las curvas ROC fue utilizado para identifi car 
los valores de corte.

Resultados: el análisis de las curvas ROC estimó un valor de 2,75 y 2,73 para discriminar > 60 minutos de actividad física moderada-vigorosa 
para el PAQ-A y el PAQ-C, respectivamente (PAQ-A AUC = 0,68, p < 0,001 y PAQ-C; AUC = 0,55, p > 0,05). Dicha intensidad se logró con un 
volumen total de 10.664 pasos/día en niños y 9.701 pasos/día en adolescentes.

Conclusiones: nuestros resultados sugieren que el PAQ-A puede ser una herramienta útil para clasifi car a los adolescentes activos siguiendo 
las recomendaciones internacionales de actividad física como criterio. Sin embargo, no pudimos encontrar un punto de corte signifi cativo para 
el PAQ-C.

Abstract
Introduction: The Physical Activity Questionnaire for children and adolescents (PAQ-C & PAQ-A) has been widely used in research and fi eld 
settings. However, there is a lack of information about its fi nal score meaning.

Objective: To determine PAQ-C and PAQ-A score cut-off values using physical activity (PA) thresholds objectively measured as reference criteria.

Methods: 146 children (n = 83 boys, n = 63 girls) and 234 adolescents (n = 115 boys, n = 119 girls) participated in this study. Accelerometers 
(Actigraph GT3X) were used to assess objectively PA during one-week, afterwards PAQ was fi lled by the participants. As participants met or not 
the international PA recommendations for total, moderate-vigorous (MVPA) or light PA, three categorical variables of two levels were created. ROC 
curves procedure were carried out to obtain score cut-off points for identifying the positive category recommendation.

Results: ROC curves analysis estimated 2.75 and 2.73 score cut-off points to discriminate > 60 minutes of MVPA for PAQ-A and PAQ-C 
respectively (PAQ-A AUC = 0.68, p < 0.001 and PAQ-C; AUC = 0.55, p > 0.05). Also 60 minutes of MVPA was achieved with a total volume of 
10,664 steps/day in children and 9,701 steps/day in adolescents.

Conclusions: Our results suggest that PAQ-A can be a useful tool to classify adolescents as active or inactive following international recom-
mendations as criteria. However, we could not fi nd a signifi cant cut-off for PAQ-C score.
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INTRODUCTION

Physical activity (PA) is predictor of cardiovascular (1), skeletal 
(2), and mental health (3), in children and adolescents. Moreover, 
PA has been identified as a behavior that may contribute to the 
prevention of chronic diseases such as obesity, cardiovascular 
diseases, and metabolic syndrome (4,5). However, current youth, 
and especially girls, are often not enough active (6).

PA assessment by questionnaires an useful tool in field studies 
and continue to provide important information to assess activity 
patterns on large populations PA and they enable a convenient way 
to assess activity patterns (7). The Physical Activity Questionnaire 
for children and adolescents (PAQ-C & PAQ-A) are a cost-effective 
tools to assess PA patterns during childhood and adolescence (8) 
and they have been widely used in research and field settings. 
However, a limitation is that the outcome score is not readily 
interpretable (9). The PAQ asks for frequency spent in physical 
activities, which is a subjective rating of intensity, moreover their 
items are scored using ordinal scales (1-5 scale) and the outcome 
measure is computed as a simple mean of the individual items. 
As consequence, it is difficult to relate the PAQ score with the 
established international PA recommendations (10).

Meanwhile, objective measures are often used to validate less 
accurate measures, such as subjective instruments, but this does 
not directly improve the accuracy or precision of the self-report in-
strument. Equivalent estimates of PA could be generate in a more 
efficient and cost- effective way if we use handle self-report in-
struments. In this line, the utility in youth can be greatly enhanced 
by calibrating self-report output against objectively measured PA 
data. Therefore, although objective instruments are now widely 
used, there is a considerable need to improve the utility and ac-
curacy of self-report measures.

Triaxial accelerometers provide an objective indicator of 
free-living PA that can be temporally linked to data from a 
self-report tool (11), so it is an appropriate method to estab-
lish cut-offs points as PA recommended. The most accurate 
method to measure energy expenditure of PA, such as doubly 
labelled water or indirect calorimetry are expensive (12) and 
impractical procedures to achieve this goal. Accelerometry-
derived measures are usually expressed as daily min of light, 
moderate and vigorous physical activity to allow classification 
of PA according to whether health-related PA guidelines are 
met. Thus, it would be possible to carry out the meaningful 
interpretation of PA measurements into active and non-ac-
tive, because this classification is linked with clinically relevant 
health outcomes.

In previous studies, various arbitrary PAQ-score cut-off points 
have been proposed to categorize youth according to their 
self-reported PA. Ogunleye et al. (13) divided youth as “active” or 
“low-active” based on an age-sex-specific median split of PAQ 
scores. Bailey et al. (14) grouped youth into “active,” “average” 
and “inactive” based on age-sex specific PAQ-score quartiles (top, 
middle two, and bottom quartiles, respectively). Chen et al. (15) 
assigned PAQ scores ≤ 2 as “low activity,” > 2 and ≤ 3 as “mod-
erate activity,” and > 3 as “high activity”.

As shown, it is a weakness of the PAQ that there is a lack of 
uniformity and information about the meaning of final score which 
would differentiate youth active and non-active. Therefore, the aim 
of this study was to determine PAQ-C and PAQ-A score cut-off 
values using PA thresholds objectively measured as reference 
criteria based on international recommendations.

MATERIAL AND METHODS

SAMPLE

An invitation to participate in the study was sent to all parents who 
had their children and adolescents in different schools of primary and 
secondary education (Málaga, Jaen and Galicia, Spain). Four-hun-
dred and forty potentially eligible subjects responded, and gave their 
written informed consent after receiving detailed information about 
the aims and procedures of the study. Subjects with incomplete PA 
data (n = 18) or technical errors in the instrument (n = 42) were 
excluded. A final sample of 146 children (n = 83 boys, n = 63 girls) 
and 234 adolescents (n = 115 boys, n = 119 girls) participated in 
this study. There were no differences on age and body mass index 
(BMI) between the excluded participants and the final sample.

The research protocol was reviewed and approved by the Eth-
ics Committee of the Sports Medicine School, at the Faculty of 
Medicine (Málaga, Spain). The study was developed following 
the ethical guidelines of the Declaration of Helsinki-Seoul, last 
modified in 2008.

MEASURES

Body composition

Participant´s heights were measured with socks and shoes 
removed using a stadiometer (SECA Leicester, Birmingham, UK). 
A Tanita UM-050 digital weighing scale (Tanita UK Ltd, Yiewsley, 
Middle-sex, UK) was used to measure body mass. Body mass 
index (BMI; weight/height; kg/m2) was then calculated.

Anthropometric measurements, including skinfolds, height 
and body mass, were performed by a level 3 certified anthropo-
metrist according to standards for anthropometric assessment 
of International Society for the Advancement of Kinanthropom-
etry. Fat mass percent (FMP) was calculated using Slaughter´s 
equation (16).

Physical Activity Questionnaire

PA was assessed using the PAQ-C and PAQ-A (17). The PAQ 
have acceptable reliability and convergent validity (18,19) and 
the administration and scoring are described below. In brief, 
the self-administered, 7-day recall questionnaire comprises 
nine or eight items (PAQ-C includes an additional item on re-
cess), respectively, and collects information on participation in 
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different types of activities and sports (activity checklist), effort 
during physical education classes, and activity during lunch, 
after school, evening and at the weekend during the past 7 days. 
Each item is scored between 1 (low PA) and 5 (very high PA) and 
the average score denotes the PAQ score. A high score indicates 
higher levels of PA. The ninth (PAQ-A) and tenth (PAQ-C) item 
are not used in calculation of the activity score, asks children 
and adolescents if they were sick or otherwise prevented from 
engaging in regular PA. Once a value from 1 to 5 for each of 
the 8-9 items used in the PA composite score is obtained, the 
mean of these 8-9 items is taken, which results in the final PAQ 
activity summary score.

Cultural adaptation of the Spanish PAQ was performed fol-
lowing the basic steps of standardized questionnaires cultural 
adaptation process (20). The original Spanish translation was 
made by the research team members. Subsequently, two bilingual 
researchers outside the group performed the reverse translation. 
The differences between the original version and the translations 
were reviewed and discussed by the research group and external 
researchers.

Triaxial accelerometry

The Actigraph GT3X monitor device (Actigraph, Pensacola, FL, 
USA), was used to assess PA objectively. The accelerometer is 
lightweight (27 g), compact (3.8 × 3.7 × 1.8 cm) and has a re-
chargeable lithium polymer battery. It uses a solid-state tri-axial 
accelerometer to collect motion data on three axes: vertical (Y), 
horizontal right-left (X) and horizontal front-back axis (Z). The GT3X 
measures accelerations in the range of 0.05 g to 2 g, which is 
digitized by a 12-bit analog-to-digital converter at a rate of 30 Hz. 
Once digitized, the data are filtered using a band-limited frequency 
of 0.25 to 2.5 Hz. The Actigraph accelerometer has been shown 
to be a reliable and valid tool for the assessment of different types 
of physical activities (21).

Researchers distributed pre-initialized accelerometers face-to-
face at schools. Participants wore the accelerometers on the right 
side of the hip, secured with an adjustable elastic belt, under-
neath clothing, near to the center of gravity. Participants received 
a demonstration from a trained researcher on how to wear the 
accelerometer. They were asked to only remove the device when 
sleeping and engaging in water-based activities. Additionally, chil-
dren received a brochure about accelerometer use including the 
instructions. Accelerometers were set to register 1-second epoch 
cycles, and were programmed to start recording at 12 midnight of 
the day following they receive the monitor and to record activity 
for the following 7 days.

The version 6.11.1 of Actilife Software (Actigraph, Pensacola, 
FL, USA) was used to process the accelerometer data. Periods of 
≥ 60 minutes of zero values, allowing for 2 minutes of non-zero 
interruptions, were defined as accelerometer “non-wear” time and 
were removed from the analyses. The first day of recording was 
not included in the analysis. Only participants with ≥ 4 complete 
days, including one weekend day, were included (22). A day was 

considered valid if it contained ≥ 10 hours of wear time for week-
days and ≥ 8 hours for weekend days considering different sleep 
patterns at weekends (23).

We selected the cut points for children from Evenson et al. 
(24) to determine the time spent on different intensity levels of 
PA for children: ≤ 100 cpm for sedentary behavior, < 2,296 cpm 
for light, < 4,012 cpm for moderate, and ≥ 4,012 cpm for vig-
orous PA. These cut-offs values were subsequently validated for 
adolescents (25).

A recording of more than 15,000 counts per minute was con-
sidered as a potential malfunction of the accelerometer and the 
value was excluded from the analyses, based on the recommen-
dations from Esliger et al. (26).

PROCEDURE

Each participant received an information sheet and consent 
form for parents, and were asked to return the forms to their 
school. Children and adolescents with signed consent forms 
were subsequently assessed (initial measurements) and re-
ceived an accelerometer and later eigth-days later completed 
PAQ-C and/or PAQ-A questionnaire. As much time as necessary 
time was taken to fully explain the questionnaire and examples 
were provided. After the trial period, the material and question-
naires were collected by the researcher, and the data was stored 
in a database for further analysis.

STATISTICAL ANALYSIS

The characteristics of participants were described as mean 
and standard deviation (SD). A descriptive statistical analysis 
was performed for all quantitative variables and an analysis of 
the normal distribution was carried out using the Kolmogor-
ov-Smirnov test. The relationship between the PAQ and minutes 
of PA from accelerometers was performed using Spearman’s 
rank correlation coefficients (rho).

Based on international recommendations (10) three factors 
of two levels were developed as participants met or not the 
PA recommendations and discriminate between “active” and 
“non-active” youth (MVPA > 60 min/day, vigorous PA > 30min/
day, and light PA > 116 min/day; respectively). Receiver operat-
ing characteristic (ROC) curves (27) were carried out to identify 
PAQ-C and PAQ-A score cut-off point for each factor. Accuracy 
of classification for each set of cut-points was evaluated by 
calculating weighted statistics, sensitivity, specificity, and area 
under the receiver operating characteristic curve (AUC). An area 
of 1 represents perfect classification, whereas an area of 0.5 
represents an absence of classification accuracy. ROC-AUC 
values of > 0.90 are considered excellent, 0.80-0.89 good, 
0.70-0.79 fair, and < 0.70 poor (28).

The analyses were performed using SPSS 22.0 (Chicago, Illi-
nois) and MedCalc 14.12.0 (Mariakerke, Belgium) for ROC curves. 
The level of significance was set at p < 0.05.
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RESULTS

Characteristics of the participants (children and adolescents) 
for both sex combined and separately are presented in table I. 
All values are reported as mean and standard deviations (SD). 
Significant differences between boys and girls were found in ad-
olescents for weight, height, FMP, PAQ-A score, all PA intensities 
and number of steps, with higher values for boys, except for FMP. 
No differences between sexes were found in children. 53.4% 
of children met the 60 minutes of MVPA recommended; while 
41.9% of adolescents met this recommendation. PAQ score was 
positively associated with vigorous PA, MVPA and number of steps 
(rho = 0.19, rho = 0.17, rho = 0.16, respectively; all p < 0.05) for 
children. In adolescents, PAQ score was positively associated with 
all intensities (light, moderate, vigorous and MVPA) and number 
of steps supplied by the accelerometer (rho = 0.33, rho = 0.21, 
rho = 0.39, rho = 0.36 rho = 0.41, respectively; p < 0.001).

PHYSICAL ACTIVITY QUESTIONNAIRE FOR 
CHILDREN (PAQ-C)

Details for AUC, as well as PAQ-C scores and number of steps 
equivalent to the coordinates with the greatest sum of sensitivity 
and specificity are shown in tables II and III.

AUC of PAQ-C score for MVPA > 60 min/day, vigorous PA > 
30 min/day, and light PA > 116 min/day were no significant (p > 
0.05) and only weak (AUC < 0.7) discriminators between “active” 
and “non-active” individuals. However, AUC of number of steps for 
all intensities were significant (p < 0.001) and good (AUC > 0.8 
for 60 minutes of MVPA) discriminators. ROC analysis showed 
PAQ-C score cut-off points > 2.75 to discriminate active children. 
60 minutes of MVPA in children appears to be achieved, on av-
erage, within a total volume of 10,664 steps/day; 30 minutes of 
vigorous PA within a total volume of 11,038 steps/day; and 116 
minutes of light PA within a total volume of 10,190 steps/day. 

Table I. Characteristics of study participants by age and sex (n = 480)

Children Adolescents

 All (n = 146) Girls (n = 63) Boys (n = 83) All (n = 234) Girls (n = 119) Boys (n = 115)

Age (years) 10.8 ± 1.3 10.7 ± 1.3 10.9 ± 1.2 15.3 ± 1.4 15.2 ± 1.4 15.4 ± 1.3

Weight (kg) 41.5 ± 11.7 40.0 ± 12.7 42.7 ± 10.8 59.5 ± 13.3 57.5 ± 1.7 61.5 ± 13.7*

Height (cm) 144.6 ± 10.5 143.2 ± 10.9 145.6 ± 10.1 163.9 ± 8.2 160.2 ± 6.0 167.6 ± 8.4***

BMI (kg/m2) 19.5 ± 3.7 19.1 ± 4.0 19.9 ± 3.4 22.1 ± 4.4 22.4 ± 4.6 21.8 ± 4.2

FMP (%) 22.9 ± 9.2 22.9 ± 6.6 22.9 ± 10.9 18.9 ± 8.0 21.2 ± 7.7 16.6 ± 7.6***

PA Score (PAQ-C) 3.09 ± 0.64 3.11 ± 0.60 3.07 ± 0.66 - - -

PA Score (PAQ-A) - - - 2.51 ± 0.72 2.29 ± 0.68 2.73 ± 0.70***

Sedentary time (min/day) 603.5 ± 60.9 609.0 ± 61.2 599.3 ± 60.7 642.9 ± 75.7 642.7 ± 83.4 643.1 ± 67.2

Light PA (min/day) 120.3 ± 33.8 121.7 ± 46.2 119.3 ± 20.3 92.7 ± 28.4 88.0 ± 27.4 97.6 ± 28.7*

Moderate PA (min/day) 33.7 ± 6.8 33.6 ± 6.2 33.8 ± 7.3 33.8 ± 12.8 31.5 ± 11.9 36.2 ± 13.4**

Vigorous PA (min/day) 29.1 ± 8.9 27.8 ± 8.3 30.1 ± 9.2 23.0 ± 14.9 16.6 ± 10.4 29.7 ± 15.8***

MVPA (min/day) 62.8 ± 13.9 61.3 ± 12.7 63.9 ± 14.7 56.9 ± 22.9 48.1 ± 18.9 65.9 ± 23.3***

Steps/day 10,668 ± 1,938 10,556 ± 1,594 10,752 ± 2,170 9,320 ± 3,561 8,434 ± 3,682 10,264 ± 3,180***

BMI: body mass index; FMP: fat mass percent; PA: physical activity; *p < 0.05; **p < 0.01. ***p < 0.001; independent sample t test between boys and girls.

Table II. Area under the ROC curve of PAQ-C score and steps/day, based on PA 
recommendations

PA recommendations 60 min MVPA 30 min vigorous PA 116 min light PA

Score Steps Score Steps Score Steps

AUC 0.551 0.896 0.545 0.879 0.527 0.756

EE 0.0483 0.0259 0.0488 0.0278 0.0482 0.0408

95% CI 0.467 to 0.634 0.835 to 0.940 0.460 to 0.627 0.815 to 0.927 0.443 to 0.610 0.678 to 0.823

p 0.2896 < 0.0001 0.3579 < 0.0001 0.5728 < 0.0001

Youden index 0.1572 0.6497 0.1659 0.6575 0.1269 0.439

PA: physical activity; MVPA: moderate to vigorous physical activity; AUC: area under the curve; EE: standard error; CI: confidence interval; p: significance level. 
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The sensitivity associated with the different factors were mod-
erate for PAQ-C score and steps/day. However, the specificity 
associated were low for PAQ-C score (42.7%, 41.2% and 43.9%, 
respectively) and high for steps/day (86.8%, 87.1% and 65.2%, 
respectively). This shows the low capacity of the PAQ-C to identify 
inactive children. An example ROC curves is illustrated in figure 1.

PHYSICAL ACTIVITY QUESTIONNAIRE 
FOR ADOLESCENTS (PAQ-A)

Details coordinates with the greatest sum of sensitivity and 
specificity are shown for AUC, as well as PAQ-A scores and num-
ber of steps equivalent to the in tables IV and V.

AUC of PAQ-A score for all factors were significant (p < 0.01) but 
only weak (AUC < 0.7) discriminators between “active” and “non-ac-
tive” youth. AUC of number of steps for all intensities were significant 
too (p < 0.001) and excellent (AUC > 0.9 for 60 minutes of MVPA) 
discriminators. ROC analysis showed PAQ-A score cut-off points > 
2.73 to discriminate active adolescents. Regarding steps analysis, 60 
minutes of MVPA in adolescents appears to be achieved, on average, 
within a total volume of 9,701 steps/day; 30 minutes of vigorous PA 
within a total volume of 9,806 steps/day; and 116 minutes of light 
PA within a total volume of 12,511 steps/day. The sensitivity asso-
ciated with the different factors were low for PAQ-A score and high 
for steps/day (except for 116 minutes of light PA). The capacity of 
the PAQ-A to identify inactive adolescent (specificity) was moderate 
(77.9%, 75.1% and 68.8%, respectively) and moderate-high for 
steps/day (93.1%, 77.1% and 68.8%, respectively). An example 
ROC curves is illustrated in figure 2.

The capacity of number of steps to determine “active” or “inac-
tive” youth was greater than the capacity of the questionnaire score, 
as observed by the higher positive likelihood rations and lower likeli-
hood negative ratios for all factors. The same applies to positive and 
negative predictive values, as well as with sensitivity and specificity 
values (except for sensitivity of PAQ-A for 116 minutes of light PA).

DISCUSSION AND CONCLUSIONS

The present study evaluated the capacity of PAQ-C and PAQ-A 
to differentiate active and non-active youth based on international 
PA guidelines. The main finding of this study was that PAQ-A ques-
tionnaire could be utilized to discriminate active adolescents (60 
minutes of MVPA) using a cut-off point of 2.75. A value for chil-
dren could not be found for PAQ-C score. Additionally, significant 
steps/day cut values were found both for children (10,664 steps/
day) and adolescents (9,701 steps/day).

To our knowledge, this is the first study to define PAQ-C and 
PAQ-A cut-points values by accelerometry based on PA recom-
mendations. Details to assess the PAQ-A score as cardiorespira-
tory fitness parameter have been published for English children. 
Our results are similar to obtained in the study of Voss et al. 
(29), in which a cut-off points of 2.9 for boys and 2.7 for girls 
were established, using cardiorespiratory fitness as the criterion-
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referenced standard. However, the ROC analysis reported differ-
ences between the two questionnaires and these results should 
be interpreted cautiously.

The sensitivity and the specificity analysis revealed that the 
PAQ-C cut-points were no able to distinguish the true negatives, 
but not the true positives. Furthermore, the AUC value indicates 
that the PAQ-C is unable to discriminate inactive children. In case 
of PAQ-A cut-off points, which proved sufficiently specificity to 
discriminate the true negatives but moderately the true positives, 
manifest an AUC value near to 0.7 (p < 0.001). A diagnostic test 
that yields an AUC of < 0.7, as observed here, may be deemed 
unacceptable for clinical use, given the potentially severe reper-
cussions of misclassifying presence or absence of disease. How-
ever, the PAQ is not a clinical diagnostic test and comparatively 

low AUC are often published in a public health context. A plausible 
explanation for our results could be related with the construct 
validity of PAQ in Spanish children and adolescents. While the 
PAQ-A shown reasonable validity for this age range (rho = 0.39; 
p < 0.001) (30); the PAQ-C shown a questionable validity (rho = 
0.28, p < 0.05) for assessing total PA and MVPA in Spanish chil-
dren (31). Our correlation results between both instruments also 
concur with the line of evidence that suggests PA questionnaires 
for adolescents correlated better with accelerometer results than 
PA questionnaires for children (7).

Moreover, discrepancies and high variability in children’s PA 
measured by accelerometers have been reported around the 
world, which may introduce a bias in this study (32). The output 
from accelerometers is a dimensionless unit commonly referred to 

Figure 1. 

Receiver-operator curves for number of steps and the Physical Activity Questionnaire for Children (PAQ-C)’s ability to identify 60 minutes of moderate to vigorous physical 
activity (MVPA) (n = 146).
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Table IV. Area under the ROC curve of PAQ-A score and steps/day, based on PA 
recommendations

PA recommendations 60 min MVPA 30 min vigorous PA 116 min light PA

Score Steps Score Steps Score Steps

AUC 0.677 0.957 0.658 0.879 0.631 0.724

EE 0.0356 0.0124 0.0408 0.0223 0.0476 0.0464

95% CI 0.613 to 0.736 0.921 to 0.979 0.594 to 0.719 0.829 to 0.918 0.565 to 0.693 0.661 to 0.781

p < 0.0001 < 0.0001 0.0001 < 0.0001 0.0061 < 0.0001

Youden index 0.2896 0.7967 0.3252 0.6399 0.2212 0.3836

PA: physical activity; MVPA: moderate to vigorous physical activity; AUC: area under the curve; EE: standard error; CI: confidence interval; P: significance level. 
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as accelerometer counts. Researchers have attempted to calibrate 
these counts with energy expenditure in order to get a biological 
meaning to the output (33). This has resulted in the publication of 
count thresholds relating to various categories of energy expen-
diture, that allow researchers to summarize time spent in a given 
intensity of activity (34). The availability of multiple cut points or 
equations has led to much confusion in the accelerometer litera-
ture (35). We used the Evenson et al. (24) cut points, recommend-
ed in Trost et al. (25) comparative study to estimate time spent 

Figure 2. 

Receiver-operator curve for number of steps and the Physical Activity Question-
naire for Adolescents (PAQ-A)’s ability to identify 60 minutes of moderate to vig-
orous physical activity (MVPA) (n = 234).
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in sedentary, light-, moderate-, and vigorous-intensity activity in 
children and adolescents. Other cut points would have yielded 
different results. Nonetheless, the associations and differences 
with total PA will continue to be same since this variable must 
not be highly dependent of cut-off values.

Conversely, the discriminative power of steps/day was excellent, 
as evidenced by the high AUC values (near of 0.9 for PAQ-C and 
> 0.9 for PAQ-A). The AUC provides an estimate of the “goodness” 
of a diagnostic test, whereby a theoretical perfect test with 100% 
specificity and 100% sensitivity yields an AUC of 1, and a non-dis-
criminating test an AUC of 0.5. Sensitivity and specificity obtained 
were 78.2% (95% CI 67.4 to 86.8), 86.8% (95% CI 76.4 to 93.8) 
for 60 minutes of MVPA in children; and 86.6% (95% CI 78.2 to 
92.7), 93.1% (95% CI 87.3 - 96.8) for 60 minutes of MVPA in 
adolescents. The cut-off points associated were 10,664 steps/day 
for children and 9,701 steps/day for adolescents. These values 
are similar to those reviewed by Tudor-Locke (36). These aspects 
are of interest for public health since they corroborate the insights 
into PA needs and recommendations for children and adolescents 
that may be used to evaluate scholar population and implement 
intervention strategies by healthcare workers and physical educa-
tion teachers. In addition, quantifying PA, with a low-cost way, will 
be helpful in order to focus school and community interventions 
on youth with unhealthy lifestyles.

The specific criteria used to categorize individuals as meet-
ing or not meeting PA recommendations were selected based 
on WHO guidelines (10). Recent studies indicate the need to 
increase the recommendation of MVPA. Thus, Jiménez-Pavón 
et al. (37) recommend around 60 and 85 min/day of MVPA, 
including 20 min/day of vigorous PA. On the other hand, data 
from the European Youth Heart Study with objectively measured 
PA suggest 90 minutes of MVPA based on metabolic health and 
the metabolic syndrome (4). Similarly, the criteria applied in 
this study (MVPA > 60 min/day, vigorous PA > 30min/day, and 
light PA > 116 min/day) are in agreement with the proposed 
guidelines, but our approach support the hypothesis that 60 
min or more of MVPA could be enough, if enough vigorous PA 
is accumulated during such period (at least 30 minutes).

LIMITATIONS

This study has several limitations that should be considered. 
First, subjectivity and limited recall ability are known limitations 
of self-reported PA, particularly in young people (38). Limita-
tions of self-reports items include the tendency for people to 
report socially desirable responses. Moreover, although objective 
measures of PA, such as triaxial accelerometry or heart rate 
monitors are ideal, even these methods have their limitations, 
and this practice has been criticized due to the fact that accel-
erometers and self-report instruments measure different things 
(39). Other limitations could explain our results and the capacity 
of discrimination. For example, our sample size was relatively 
small but significant for the purpose of study. However, these 
results should be verified in larger samples.

CONCLUSIONS

In summary, our findings provide normative PAQ scores for 
adolescents. According with the ROC analysis, our results suggest 
that PAQ-A can be a useful tool to classify adolescents as active 
or inactive following international recommendations as criteria. 
It seems, that a 2.75 score can be used to detect adolescents 
performing enough PA. However, this does not apply to the PAQ-C, 
which might not be an adequate tool to classify children as active 
or inactive.

These cut-off points can be useful and a cost-economic way 
to evaluate scholar population and implement intervention strat-
egies. However, as far as possible, we suggest, in accordance 
with recent studies (40), the use of a combination of objective 
and subjective assessment methods.
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