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Resumen: La versién corta del International Physical Activity Questionnai-
re (IPAQ-SF) ha sido recomendada como un método eficiente para evaluar
la actividad fisica (AF), pero su validez no ha sido analizada en adolescentes
espafoles. Este articulo, el cual estd compuesto de dos estudios, pretende en
primer lugar testar la validez del IPAQ-SF en una muestra de adolescentes
espafioles, y en un segundo lugar testar y comparar la validez del IPAQ-SF
utilizando una versién modificada del protocolo adaptada a adolescentes.
Dado que este trabajo se divide en dos estudios, se utilizaron dos muestras
independientes. Una muestra de 270 adolescentes en el estudio I (55% chi-
cos), y otra de 151 adolescentes en el estudio I (44.6% chicos), con una
edad entre 11 y 14 afios de seis institutos de Huesca (Espaiia). Los parti-
cipantes llevaron un acelerémetro durante siete dias consecutivos y com-
pletaron el IPAQ-SF el tltimo dfa. Se calculé el coeficiente de correlaciéon
de Pearson entre ambos métodos. Se utilizé el método Bland-Altman para
proporcionar el error total entre los dos métodos en ambos estudios.

Se encontraron correlaciones significativas entre el IPAQ-SF y el aceleréme-
tro para la AF moderada, vigorosa, y moderada-vigorosa. La AF moderada-
vigorosa fue significativamente sobreestimada por el IPAQ-SF. Los grificos
Bland-Altman mostraron que los resultados del IPAQ-SF realizado con el
protocolo modificado obtuvieron mejores niveles de acuerdo para la AF vi-
gorosa y moderada-vigorosa.

El IPAQ-SF puede ser una herramienta vélida para medir la AF en jévenes
adolescentes, especialmente cuando se aplican modificaciones metodolégi-
cas en el protocolo de recogida de datos.

Palabras clave: Acelerometria, Evaluacion, Cuestionario, Actividad Fisica,
Validacién.

Abstract: The short version of the International Physical Activity Question-
naire (IPAQ-SF) has been recommended as an efficient method to assess
physical activity (PA), but its validity has not been investigated in Spanish
adolescents. This article, which is comprised of two studies, pursues firstly
to test the validity of the IPAQ-SF in a sample of Spanish adolescents, and
secondly to test and compare the validity of the IPAQ-SF using a modified
protocol version specifically adapted to adolescents.

Given that this work is divided into two studies, two independent samples
were used. One sample of 270 adolescents for Study One (55% males), and
another sample of 151 adolescents for Study Two (44.6% males), aged 11—
14 years old, were recruited from six secondary schools in Huesca (Spain).
All subjects wore an accelerometer for seven consecutive days and com-
pleted the IPAQ-SF on the last day. Pearson correlation coefficients were
calculated between both methods. The Bland and Altman method was also
used to provide the total error between the two methods in both studies.
Significant correlations between IPAQ-SF and accelerometer data were
found for time spent on moderate, vigorous and moderate-to-vigorous PA.
Moderate-to-vigorous PA levels were significantly overestimated by IPAQ-
SF. Bland Altman plots showed that results from the IPAQ-SF, conducted
with a modified adapted protocol for early adolescents, obtained much bet-
ter levels of agreement for vigorous and moderate-to-vigorous PA intensities.
The IPAQ-SF may be a valid tool to measure PA levels in early adolescents,
especially when methodological modifications are applied in the data col-
lection protocol.

Keywords: Accelerometry, Assessment, Questionnaire, Physical Activity,
Validity.

Introduction

Regular physical activity (PA) has consistently been asso-
ciated with physical health benefits (Borrego-Balsalobre,
Lépez-Sénchez y Diaz-Sudrez, 2015a; Borrego-Balsalobre,
Lépez-Sénchez y Diaz-Sudrez, 2015b; Borrego-Balsalobre,
Lépez-Sénchez y Diaz-Sudrez, 2015¢; Lépez-Sinchez , Bor-
rego-Balsalobre y Diaz-Sudrez, 2013). Comparing global
surveillance and international physical activity (PA) levels
between different populations is difficult due to the use of
different measurement techniques (Montoye, Cunninghan,
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Hugh y Epstein, 2000). The International Physical Activ-
ity Questionnaire (IPAQ) is a self-report measure that has
been developed to estimate regular PA levels across different
countries in the world and in different socio-cultural envi-
ronments (Craig et al., 2003).

The short version of IPAQ (IPAQ-SF) was developed to
be used by public health institutions to monitor entire world-
wide populations. Its reliability and validity has initially been
tested on 18 to 65 year-old adults in diverse settings in more
than a dozen of countries (Craig et al., 2003). Later on, several
studies replicated its validation in other countries (Hallal y
Victora, 2004; Qu y Li, 2004) and/or other populations, such
as adolescents (Guedes, Lopes y Guedes, 2005; Lachat et al.,
2008; Rangul, Holmen, Kurtze, Cuypers y Midthjell, 2008).
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However, it should be pointed out that the IPAQ-SF has still
not been validated in a Spanish adolescent population.

It should be known that despite the fact that the IPAQ-
SF is widely used in current international research (Medina,
Janssen, Campos y Barquera, 2013; Rosenberg, Bull, Mar-
shall, Sallis y Bauman, 2008) due, in part, to the general in-
herent positive features linked to self-report questionnaires
(Kemper, Montoye, Saris y Washburn, 1996), such as its
accessibility and its data collection simplicity, several stud-
ies have documented some limitations in its use (Faulkner,
Cohn y Remington, 2006; Lee et al, 2011; Medina, Barquera
y Janssen, 2013). It is possible that the IPAQ-SF may over-
estimate (Ainsworth et al., 2006; Rzewnicki, Van den Au-
weele y De Bourdeaudhuij, 2003), or even underestimate
(Hallal y Victora, 2004; Qu y Li, 2004; Rutten et al., 2003)
PA levels. These limitations become especially important in
adolescent populations (Guedes et al., 2005; Rangul et al.,
2008), who may have conceptual difliculties in differentiat-
ing some terms, such as vigorous or moderate PA (Bauman
et al., 2009; Hagstromer et al., 2008; Papathanasiou et al.,
2009), especially depending on the fitness level of partici-
pants (Johnson, Tillgren y Hagstromer, 2009). Likewise, and
also considering our previous experience with the application
of the IPAQ-SF, people may have some limitations recalling
their weekly activities. These limitations may also possibly be
greater in early adolescents (Guedes et al., 2005). It should be
finally noted that, in order for adolescents to obtain health
benefits, the World Health Organization (WHO, 2010) has
made official international PA recommendations proposing
60 minutes of moderate-to-vigorous PA per day.

This study, which is comprised of two independent stud-
ies, pursues two main goals. These objectives are two-fold:
firstly, to test the validity of the IPAQ-SF in a Spanish ado-
lescent sample. Secondly, to test and compare the validity of
the IPAQ-SF using a modified protocol version, specifically
adapted to an adolescent population.

Materials and methods
Study sample and design

Two independent samples were used for each study. One sam-
ple of 270 adolescents for Study One (55% males), and another
sample of 151 adolescents for Study Two (44.6% males), aged
11 — 14 years old, were recruited from six urban secondary
schools in Huesca (Spain), on the basis of their willingness to
cooperate in the study. Before participating in these studies,
parents had to provide written informed consent, and adoles-
cents had to give written assent. These studies were approved
by the Ethics Committee of the University of Zaragoza.

To make it easier to compare data between the self-report
IPAQ-SF and the accelerometer data, different inclusion criteria
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were established in both studies. Before further processing, each
self-report IPAQ-SF had to satisfy criteria according to Guide-
lines for Data Processing and Analysis of the IPAQ Committee
(2005). It should be pointed out that, in order to be registered, a
period of activity had to last for at least 10 minutes. Moreover,
each accelerometer file had to satisfy the following criteria before
further processing: (1) the subject must have worn the moni-
tor for 7 consecutive days (including weekends), except at night
while sleeping or during water-based activities; (2) a “full day of
wearing” was defined as at least 10 hours’ continuous monitor-
ing per day during weekdays, and at least 8 hours” continuous
monitoring at weekends (Rowlands, 2007). These accelerometer
criteria are consistent with wearing compliance recommenda-
tions and reliability of PA variables derived from free-living
conditions (Ward, Evenson, Vaughn, Rodgers y Troiano, 2005).
The 7-consecutive-day criterion was quite restrictive. However,
owing to the fact that the IPAQ-SF gave us 7-day output data,
we considered it important to preserve the same number of days
from the accelerometer data. Time spent on light physical ac-
tivity (LPA), moderate physical activity (MPA), vigorous physi-
cal activity (VPA) and moderate-to-vigorous physical activity
(MVPA) was averaged across all subjects” “ full wearing days’.

Applying these criteria, a total of 40 adolescents (55%
male) and 67 adolescents (37.32% male) with valid IPAQ-
SF and accelerometer data were included in Study One and
Study Two, respectively.

Measurement

Self-report physical activity questionnaire

IPAQ-SF was used (Craig et al., 2003) to assess PA of the last
7 days. It should be noted that in Study Two the IPAQ-SF was
also applied to evaluate PA using a modified version of the
protocol, thus becoming the IPAQ-SE-MP. The modified pro-
tocol will be explained in the following sections. Nevertheless,
it should be noted that the structure of the questionnaire was
entirely similar. The IPAQ-SF is made up of eight open-ended
questions and its information permits estimating the time spent
per week on PA at different intensities. The Spanish version of
IPAQ-SF was used by following the procedures recommended
by the International Consensus Group (www.ipaq.ki.se).

Accelerometer

‘The uni-axial GT1M accelerometer (Actigraph, Pensacola, Flo-
rida, USA) was used to continuously assess objective PA during
waking hours, over a 7-day period. The GTIM accelerometer
is widely used in PA research and has been shown to be a valid
and reliable tool for quantifying PA (Freedson, Pober y Janz,
2005; Reilly et al., 2006). The accelerometer was attached to an
adjustable elastic belt and worn on the right side of the hip in
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accordance with the guidelines suggested by Trost, Mciver and
Pate (2005). For this study, monitors were initialised as descri-
bed by the manufacturer, and the epoch was set at 30 seconds.

Procedure

After the 7-day monitoring period, accelerometers were collected
and data were immediately downloaded and filed. Data were
analysed using specific software and “activity counts” were trans-
lated into time (min/day) spent on PA at different intensities (vi-
gorous, moderate and MVPA) according to Treuth cut-points
(Treuth et al., 2004) due to their applicability to children of any
age (Andersen et al., 2006). It should be pointed out that data
with time periods of more than 20 minutes of zero values were
excluded from the analysis and that a recording of more than
20,000 counts per minute was seen as a potential malfunction
of the accelerometer and was also excluded from the analysis.
For the IPAQ-SF application in Study One, the adoles-
cents were gathered into groups of 25 subjects. Participants
received the questionnaire with instructions on how to fill
it in as well as recommendations (www.ipaq.ki.se). No time
limit was given for the task and possible doubts were prompt-
ly explained by the professional in charge of the data collec-
tion. Whilst filling in the questionnaire, the adolescents had
no communication with other participants, in an attempt to
avoid possible undesirable interferences in their responses.

Statistical analysis

Means, standard deviations and differences were calculated for
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minutes of light, moderate, vigorous and moderate-to-vigorous
physical activity (LPA, MPA, VPA, MVPA) per week, using
data obtained from each one of the two instruments in the
two studies. Owing to the normal distribution of the PA data,
Pearson correlation coefficients were calculated between total
minutes of different PA intensities measured by the accelero-
meter and the IPAQ-SF (both with its original protocol and its
modified protocol). We used Cohen’s guidelines (Cohen, 1998)
for classifying correlation values: (i.e. r < 0,30, small; 0,31 > r <
0,50, moderate; r > 0,51, large). The Bland and Altman method
(Aleman, 1991; Atkinson y Nevill, 1998) was used to provide
the total error between the two methods in both studies. An
indication of the systematic random error and the 95% limits of
agreement were used in order to describe it. Bland and Altman
analyses were conducted on minutes spent on MPA, VPA and
MVPA. Statistical significance was set at p< 0,05. The Statistical
Package for Social Sciences (SPSS, version 19.0) for Windows
and the Analyse-it Software for Microsoft Office Excel 2007 for
Windows were used to perform all statistical analyses.

Study One Results

Table 1 includes a summary of subjective (i.e., IPAQ) and ob-
jective (i.e., accelerometer) data of time spent at different PA
intensities (study one and study two). Study one showed that,
in comparison with the ActiGraph, self-reported levels of vi-
gorous (54,50 + 36,00 vs. 6,37 + 5,33 min/week) and MVPA
(68,03 + 42,66 vs. 39,39 + 17,05 min/week), were significantly
overestimated, while MPA (13,53 + 18,97 vs. 23,02 + 12,66
min/week) were substantially underestimated by IPAQ-SF.

Table 1. Mean scores and Standard Deviations (SD) of the PA data obtained by the IPAQ and the accelerometer Actigraph in trial one and

trial two.
Study One (n=40) Study Two (n=67)
ActiGraph IPAQ-SF ActiGraph IPAQ-SE-MP
Boys Girls Boys Girls Boys Girls Boys Girls
Al (n=;2) (n=18) Al (n=§2) (n=18) Al (n=;5) (n=42) Al (n=§5) (n=42)
Light activity
Weekday 266.83*** 279.67*** 251.13*** 36.85 44.55 2744  282.36*** 295,76*** 274.38*** 37.22 25.61 44.13
(47.30)  (41.81)  (50.00) (39.16) (39.97) (37.06) (47.16)  (49,23) (44.57) (25.89) (26.57) (23.12)
Weekend 288.22*** 313.92*** 256.81*** 4544  53.52 35.56  247.64*** 261,82*** 239.20*** 50.82 45.00 54.29
(78.17)  (76.21)  (70.33) (49.74) (53.73) (43.82) (75.52) (77.26)  (74.09) (47.18) (45.02) (48.63)
Total 272.94*** 289.45*** 252.75*** 39.30  47.11 29.76  272.44%** 286,06*** 264.33*** 41.11 31.15 47.03
(49.66)  (49.66)  (52.45) (39.09) (38.87) (38.25) (48.11)  (47,38) (47.24) (27.47) (27.20) (26.17)
Moderate activity
Weekday 23.02**  27.31** 17.77 13.53 15.41 11.22 29.87***  43,09** 22.01 20.51 26.08 17.19
(12.66) (1378)  (8.94) (1897) (22.81) (13.12) (1572) (1434) (10.37) (14.16) (16.87) (11.22)
Weekend 27.53 36.49 16.58 20.44  19.20 21.94 19.73 28,07** 14.76 15.63 12.80 17.32
(18.89)  (16.63) (15.68) (37.58) (41.80) (32.82) (13.98) (14,37) (11.22)  (21.39) (15.21) (24.36)
Total 24 31%*%  29.94** 17.43 1550  16.50 14.29 26.98** 38,80*** 19.94 19.12 22.29 17.23
(13.44)  (14.06) (8.89) (19.13) (23.16) (13.21) (13.69) (11,85) (9.13) (12.38) (13.23) (11.59)
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Study One (n=40) Study Two (n=67)
ActiGraph IPAQ-SF ActiGraph IPAQ-SE-MP
Boys Girls Boys Girls Boys Girls Boys Girls

All (n:;IZ) (n=18) All (n:;’2) (n=18) Al (n=;5) (n=42) Al (n=;75) (n=42)

Vigorous activity
6.37 8.17 54.50%** 65.64*** 40.89***  6.20 25.31%%* 35.32%*¢* 19.36***
Weekday (533 (64g) #1021 36000 36.02) (183 (573 20 G0OAIETD 080 (2603 (18.63)
6.66 9.66 3.00  43.63***52.39*** 32.92* 4.04 2.68  18.02*** 25.70** 13.45**
Wekend 53 048 @7)  @sy @e3n @ @sh PO Gs7) @s10) esen L)
Total 6.45 8.59 3.83  51.39*** 61.85*** 38.61*** 558 8,42 (5,13) 390  23.23%* 32.57%F* 17.67***
(5.60) (6.63) (2.08) (33.80) (32.58) (31.59) 4.97) ’ ’ (4.06) (18.99) (18.58) (17.14)

MVPA

Weekday 29.39 35.48 2193  68.03***81.05*** 52.11*  36.08 52,35 26.39  45.82**  61.40 36.55**
(17.05) (19.20) (10.22) (42.66) (45.18) (34.13) (20.03) (17,95) (14.13)  (27.21) (29.52) (21.12)
Weekend 34.19 46.15 19.58  64.25** 71.59 55.28* 23.76 34,39 17.44 33.66*  38.50 30.77**
(25.43)  (23.33)  (20.01) (67.09) (69.71) (64.55) (16.84)  (17,57) (12.88) (31.27) (35.00) (28.88)
Total 30.76 38.53 21.26  66.95***78.34*** 53.02* 32.56 47,22 23.83  42.35** 54.86  34.90**

(18.06)  (19.41) (10.46) (42.94) (46.25) (34.85) (17.32) (14,49) (12.29) (23.42) (23.60) (20.11)
*Significantly differences between the IPAQ and ActiGraph within each study. *p<.05; **p<.01; ***p<.001. Data are expressed in minutes.

IPAQ-SE-MP: International Physical Activity Questionnaire short Form Modified Protocol. IPAQ-SF: International Physical Activity Questionnaire Short Form

Note: significant differences are expressed between IPAQ and Actigraph within each study. Study one independent of study two.

Pearson correlation coeflicients (see table 2) between MVPA  tion coeflicients between instruments for time spent on MPA
data of IPAQ-SF and ActiGraph accelerometer were r= 0,55 (1=0,37, p<,05) and VPA (1=0,34, p<.05).

(p<.01). Meanwhile, there were moderate Pearson’s correla-

Table 2. Pearson correlations between the IPAQ and the accelerometer data for Trial one and two.

Study one (n=40) Study two (n=67)
ActiGraph vs IPAQ-SF ActiGraph vs IPAQ-SF-MP
All Boys (n=22) Girls (n=18) All Boys (n=25) Girls (n=42)

Light

Weekday .107 280 -.221 -.164 -.154 -.051

Weekend 231 433 -.237 .037 .069 .042

Total 156 369 -.251 -.188 -.208 -.090
Moderate

Weekday 413 523" .008 114 .030 -.301

Weekend 273 .289 445 .042 .097 113

Total 370* 410 318 036 -.083 -181
Vigorous

Weekday 257 165 119 340** .072 403**

Weekend 237 140 282 398" 521 128

Total 342% 277 154 332%* 077 293
MVPA

Weekday .535%* .534* 264 358** .055 169

Weekend 431 .380 520* 305* 409* 163

Total S47** S521* .387 311 .016 .140

*Significantly correlates between the IPAQ and ActiGraph within each study.
IPAQ-SE-MP: International Physical Activity Questionnaire Short Form Modified Protocol. IPAQ-SF: International Physical Activity Questionnaire Short Form

SPORT TK: Revista Euroamericana de Ciencias del Deporte Analizando la validacién del International Physical Activity Questionnaire en jévenes...

ISSN 2254-4070 / vol. 5, n.° 2 / Murcia / julio 2016 / Pdgs. 123-132 SPORT TK, 5(2), 123-132



Analizando la validacion del International Physical Activity Questionnaire en jévenes adolescentes: Un protocolo modificado para la recogida de los datos

Figures 1, 2 and 3 show the Bland-Altman plots for time
spent on MPA, VPA, and MVPA. The solid line in the plot
reflects the mean of the difference between the questionnaire
and the accelerometer: 16.0 min/week for vigorous PA; -28,7
min/week for moderate PA and 12,7 min/week for MVPA.
The mean differences (bias) of the measurements between
instruments showed acceptable mean bias (ranging from 16
to -28,7 min/week of the mean score). The dashed lines show
the 95% limits of agreement: -15,5 to 47,6 min/week for vigo-
rous PA, -65,6 to 8,2 min/week for moderate PA and -33,7 to
59,0 min/week for MVPA. These limits of agreement values
are larger for MVPA (from -33,7 to 59,0 min/week) than for
vigorous and moderate PA (from -15,5 to 47,6 min/week and
from -65,6 to 8,2 min/week respectively).

Figure 1. Bland-Altman plot of VPA minutes estimated by acce-
lerometer and the IPAQ-S7T in the Trial 1.
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Figure 2. Bland-Altman plot of MPA minutes estimated by acce-
lerometer and the IPAQ-S7T in the Trial 1.
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Figure 3. Bland-Altman plot of MVPA minutes estimated by ac-
celerometer and the IPAQ-S7T in the Trial 1.
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Possible sources of self-reported estimation error of IPAQ-SF

Once the IPAQ-SF had been completed in Study One, ado-
lescents were asked open-ended questions about problems or
difficulties that they had found whilst filling in the question-
naire. Researchers retrieved information from this data co-
llection process (Study One), regarding problems or aspects
that may have been misunderstood by students. Afterwards,
several research team meetings took place to analyse and stu-
dy those problems reported by the participants and those pro-
blematic aspects perceived by the researchers. Several requi-
rements were identified (see table 3), namely: a) difficulties
in recalling the activity of the previous week; b) difficulties
in differentiating PA intensities: especially between vigorous
and moderate; ¢) difficulties in estimating the number of mi-
nutes spent at different PA intensities (i.e. MPA and VPA).
Table 3 also shows some hypothetical sources of error that
researchers had detected.

Analizando la validacién del International Physical Activity Questionnaire en jovenes...
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Table 3. IPAQ-SF: requeriments and potential sources of error obtained from Trial one.

Requirements and potential sources of error

IPAQ requirements Potential sources of error

1. Recall of activity during previous
week

1.1. Instructions incorrectly interpreted as meaning the previous full week (Monday to Sun-
day) rather than the previous seven days.

1.2. Instruction incorrectly interpreted due to the high number of people who fill in the ques-

tionnaire at the same time; noisy work environment.

2. Differentiation of PA intensities:
vigorous, moderate and walking.

3. Estimation of the number of minutes
spent in different PA intensities.

moderate PA and walking.

2.1. Lack of understanding of the concept relating to intensity discrimination: Vigorous PA,

3.1. Recall error owing to a lack of encoded information relating to activity frequency and
duration, especially in the walking question.

3.2. Lack of perceived relevance may cause reduced motivation to complete the questionnaire.

Protocol modification: “IPAQ-SE-MP”

In order to test and compare the validity and agreement of
the IPAQ-SF and to reduce hypothetical self-reported recall
errors, a modified protocol was created and used as a ques-
tionnaire for Study Two. From then onwards, the name of
the questionnaire was modified and called the IPAQ-SF-MP
(modified protocol). The modifications were as follows: a)
whereas groups of 25 subjects were established in Study One
to answer the questionnaires, data was collected in groups of
5 subjects in Study Two. Students’ recall was expected to be
favoured with this modification as well as their capacity to
discriminate different PA intensities. b) Before completing the
questionnaire, participants had to recall all the activities that
they had done the previous week and fill in a short weekly log
diary. They had 15 minutes to correctly fill in the log diary.
With this strategy it was hoped that students would find it
easier to recall their daily and weekly routines. ¢) To facilita-
te their capacity of distinguishing between PA intensities. In
order to do that, researchers gave a previous structured image-
support explanation of the different PA intensities, followed
by question time where participants could ask any questions.

Study Two Results

It can be seen in Table 1 how differences between different
PA intensities between IPAQ-SF and accelerometer estimates
are less important in Study Two than in Study One. Study
Two showed that, in comparison with the accelerometer data,
self-reported levels of VPA (23,23 + 18,99 vs. 5,58 + 4,97
min/week) and MVPA (42,35 + 23,42 vs. 32,56 + 17,32 min/
week), were overestimated to a lesser extent than in Study
One. Moreover, the underestimation found in MPA values
(19,12 + 12,38 vs. 26,98 + 13,69 min/week) was also sma-
ller than in Study One. Pearson correlation coefficients in
Study Two (see table 2) did not differ substantially from Stu-
dy One, showing a moderate correlation (r= 0,31, p<0,01) in
the MVPA value. We did not find significant correlations in
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MPA values but correlations in VPA values were greater than
in Study One.

Figures 4, 5, and 6 show the Bland-Altman plots for time
spent on MPA, VPA, and MVPA in Study Two respectively.

Figure 4. Bland-Altman plot of VPA minutes estimated by acce-
lerometer and the IPAQ-S7T-MP in the Trial 2.
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Figure 5. Bland-Altman plot of MPA minutes estimated by acce-
lerometer and the IPAQ-S7T-MP in the Trial 2.
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Figure 6. Bland-Altman plot of MVPA minutes estimated by ac-
celerometer and the IPAQ-S7T-MP in the Trial 2.
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The Bland-Altman plots indicated much greater agreement at
vigorous and MVPA intensities in Study Two than in Study
One. The difference between the self-report questionnaire
and the accelerometer was: 3,2 min/week for VPA and 8,4
min/week for MVPA. Meanwhile, we found similar agree-
ment at MPA: -30,90 min/week. As in Study One, limits of
agreement values were greater for MVPA (from -51,9 to 68,6
min/week) than for VPA and MPA (from -16,2 to 22,7 min/
week and from -72,5 to 10,7 min/week respectively).

Discussion

Two main findings can be rescued from these two studies.
Firstly, the findings supported acceptable levels of validity of
the IPAQ-SF when compared with data obtained from the
accelerometers. Nevertheless, it should be pointed out that
MVPA levels were significantly overestimated by IPAQ-SF.
Secondly, results from the IPAQ-SF-MP, conducted with a
modified adapted protocol for early adolescents, obtained
much better levels of agreement for vigorous and moderate-
to-vigorous PA intensities.

PA self-reported validity studies in young people typically
report correlation coeflicients ranging from ,20 to ,60 (Kohl,
Fulton y Caspersen, 2000; Martinez-Gémez et al., 2009).
Correlation coefficients for moderate and vigorous intensity
in the IPAQ-SF were similar to what is typically reported for
these kinds of self-report questionnaires (Bauman y Merom,
2002). Our findings are comparable with other validation
studies conducted worldwide, which show that, when com-
pared with objective PA data obtained from accelerometer,
self-report questionnaires have acceptable validity, but typi-
cally overestimate total PA (Brown, Bauman, Chey, Trost
y Mummery, 2004; Craig et al., 2003; Hagstromer, Oja
y Sjostrom, 2006; Mider, Martin, Schultz y Marti, 2006;
Moy, Scragg, McLean y Carr, 2008). In addition, it has
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been shown in literature that the use of IPAQ-SF specifically
overestimates PA (Ekelund et al., 2006; McFarlane, Lee, Ho,
Chan y Chan, 20006).

Overestimation can be due to a variety of factors. Firstly,
self-report questionnaires are essentially dependent on the
accuracy of participant recall, and for this reason an error
rate may exist. Furthermore, in today’s health and exercise
conscious society, individuals often over-report socially desir-
able behaviours such as PA, thus influencing the outcomes
of self-report research (Adams et al., 2005). Recent data sug-
gests that social-desirability bias is associated with an overes-
timation of PA duration by approximately 411 minutes per
day over a 7-day period (Adams et al., 2005). This problem
could be due to features of the short version of IPAQ, such as
asking for average times or using a criterion of perceived in-
tensity of breathing to estimate time at several PA intensities.
Given that the IPAQ was developed for use in adults from 18
years old, it might not be easy for adolescents to understand
and correctly interpret the PA concepts, either (Hagstromer
et al., 2008). Good measurements of light and moderate PA
using self-report measures have been shown to be the most
difficult to obtain for adolescents (Bassett, 2000; Washburn,
Heath y Jackson, 2000). Moreover, it has been speculated
that individuals with low PA patterns tend to overestimate
their responses in self-report PA questionnaires (Ekelund et
al., 2006; Rutten et al., 2003). According to comparative
international studies, the Spanish adolescent population is
one of the most inactive of Europe (Arribas, Izaskun, Gil
de Montes y Gonzadlez, 2013; Hallal, Victora, Wells y Lima,
2003; Rzewnicki, Van den Auweele y De Bourdeaudhuij,
2003). This factor may also explain the differences between
the two methods. Therefore, if we improve the ability of the
IPAQ to capture moderate and vigorous PA intensities, the
validity of the instrument would be enhanced, especially in a
population with low levels of PA.

Several investigations in young people (Troped et al.,
2007) have similarly shown poor agreement between accel-
erometers and self-report PA questionnaires, in particular
with the IPAQ-SF (Rangul et al., 2008). In our study, after
applying a modified adapted protocol for early adolescents,
the agreement between instruments was enhanced, especially
for more intense activities. Whereas the difference between
subjective and objective mean estimates remained the same
at MPA intensity (Liou, Jwo, Yao, chiang y Huang, 2008),
differences decreased in VPA and MVPA. This fact indicates
that applied modifications may have improved the agreement
between the two methods, giving more validity to the use
of the IPAQ-SF in early adolescents. According to Moy et
al. (2008), clarifying the terminology used to define mod-
erate and vigorous PA intensities may possibly have helped
to minimise bias resulting from misinterpretation. Never-
theless, MPA intensity is still possibly difficult to identify in
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free-living activities due to the difficult identification of its
symptoms and the intermittence of these activities in ado-
lescence (Liou et al., 2008). In spite of this fact, we strongly
recommend the use of specific methodological adaptations
in the protocol, as other studies have already implemented
(Rzewnicki et al., 2003; Zanovec, Johnson, Marx, Keenan
y Tuuri, 2009), in order to reduce possible sources of error if
the IPAQ-SF is to be applied in early adolescents.

The Bland-Altman technique presents higher sensitiveness
in the detection of differences between measurement meth-
ods when compared to conventional analyses that involve
parametrical statistical resources, such as, the Pearson cor-
relation coeflicient. In theory, it is admitted that systematic
differences detected between measurement methods should
not affect the magnitude of any correlation coeflicient. How-
ever, they could significantly restrict the concordance degree
between both methods (Atkinson y Nevill, 1998). In our
study, results indicated much better agreement at vigorous
and MVPA intensities with the IPAQ-SF_MP than with the
IPAQ-SF. However, we also suggest caution in the interpre-
tation of the amplitude between the extreme limits of the
confidence intervals due to the reduced number of subjects
involved in this study.

This study has several limitations. Firstly, the sample size of
both studies was small due to the restrictive criteria inclusion.
However, it could be said that both samples were homogene-
ous in terms of age and gender. Secondly, the use of a specific
accelerometer cut-off point to determine moderate and vigor-
ous PA levels may create a measurement error when compar-
ing these results with other studies (Guinhouya et al., 2006).
In this study, we used Treuth et al. (2004) cut-off points, as
they are applicable to children of any age (Andersen et al.,
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2006). Thirdly, although accelerometers are frequently used
in studies as criterion measures of PA to validate self-report
questionnaires, there are a number of limitations associated
with accelerometers. The accelerometer is known to underes-
timate PA levels for specific activities and this may lead to the
underestimation of total energy expenditure (Hendelman,
Miller, Baggett, Debold y Freedson, 2000). The reason for
this is that uniaxial activity monitors can only provide infor-
mation about acceleration on the vertical plane. Moreover, in
our study, the accelerometer was placed on the waist and this
could represent a potential problem for activities requiring
mainly waist movement, or static exercise activities (bike ex-
ercise, water activities or upper limb movements) (Leenders,
Sherman, Nagaraja y Kien, 2001). They may not be sensitive
to many of the complex movement patterns exhibited by chil-
dren during free play. Nevertheless, accelerometers provide
an objective and non-reactive tool for assessing PA and are
considered an acceptable means to validate self-report ques-
tionnaires (Reilly et al., 2006).

In conclusion, our results show that the IPAQ-SF presents
acceptable validity properties for assessing PA levels of Span-
ish adolescents. The IPAQ-SF may be a valid tool to measure
PA levels in early adolescents, especially when methodologi-
cal modifications are applied in the collection data protocol.
Therefore, the IPAQ-SE-MP could allow us to do a better
worldwide measurement and comparison of PA levels in early
adolescents.
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teacher, for their collaboration.
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