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Introduction
▼
The possible link between levels of physical 
activity (PA) and cancer is receiving increasing 
attention. So far, research has shown a rising inci-
dence of both cancer and physical inactivity, and 
the latter has been held accountable for 10 +  % of 
the disease burden of breast and colon cancer, 
both of which are highly prevalent in the devel-
oped world [27]. It has been estimated that ~1/3 
of adults worldwide engage in  < 150 min · week − 1 
of moderate-intensity PA such as brisk walking 
[17]. Higher levels of regular PA have been associ-
ated with: (i) a lower cancer risk in the general 
population [1, 3, 4, 6, 13, 32, 48, 55, 56] and (ii) a 
lower mortality risk among cancer survivors, 
particularly of breast and colorectal cancer 
[8, 20, 46]. Further, there are also data to support 
an overall dose-dependent benefit of PA, at least 
for the risk of breast cancer [26, 30, 31, 55].
Thus, besides a need for effective PA assessment 
in cancer-related epidemiological research, ade-
quate tools for this purpose would be useful to 
monitor cancer survivors or populations at can-

cer risk [29, 44]. In effect, PA can be objectively 
quantified through accelerometry [10] whereby 
minute-by-minute recordings of PA can be made. 
Notably, accelerometers were used to show that 
PA levels were low, i. e., well below minimum 
recommendations of 150 min · week − 1, in US [35,  
36, 50] or Canadian and Australian cohorts of 
cancer survivors [34]. At least 3–5 days of accel-
erometer monitoring is required to reliably esti-
mate habitual PA [49] and it is generally accepted 
that the device should be worn for a minimum of 
10 h per day [39]. To simplify data collection, the 
more conventionally used method of obtaining 
self-reported PA data through questionnaires 
may be used. This method is also inexpensive 
and generally well-accepted by participants, 
although the validity of obtained data is more 
questionable [41]. Of several questionnaires 
developed for PA assessment [51], 2 have been 
widely used: the International Physical Activity 
(IPAQ) and Global Physical Activity (IPAQ) ques-
tionnaires. The IPAQ was originally developed as 
an instrument for cross-national records of PA 
[9]. Today, a simpler, short form (IPAQ-SF) and a 
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Abstract
▼
Regular physical activity (PA) decreases mortal-
ity risk in survivors of breast and colorectal can-
cer. Such impacts of exercise have prompted 
initiatives designed both to promote and ade-
quately monitor PA in cancer survivors. This 
study examines the validity of 2 widely used self-
report methods for PA determination, the Inter-
national Physical Activity Questionnaire short 
version (IPAQ-SF) and Global Physical Activity 
Questionnaire (GPAQ). Both instruments were 
compared with the triaxial accelerometry (Acti-
graph) method as an objective reference stand-
ard. Study participants were 204 cancer survivors 
(both sexes, aged 18–79 years). Compared with 
accelerometry, both questionnaires significantly 

overestimated PA levels (across all intensities) 
and underestimated physical inactivity levels. No 
differences were detected between the 2 ques-
tionnaires except for a shorter inactivity time 
estimated by GPAQ (p = 0.001). The Bland and Alt-
man method confirmed that both questionnaires 
overestimated all PA levels. Receiver operating 
characteristic (ROC) analysis classified IPAQ and 
GPAQ as fair and poor predictors, respectively, of 
the proportions of survivors fulfilling interna-
tional PA recommendations ( ≥ 150 min · week − 1 
of moderate-vigorous PA). IPAQ-SF showed a 
higher sensitivity but lower specificity than 
GPAQ. Our data do not support the use of IPAQ-SF 
or GPAQ to determine PA or inactivity levels in 
cancer survivors.
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long form (IPAQ-LF) exist, both of which involve 7-day recall of 
PA. The short version is recommended for national monitoring 
[9]. Other than a recent study reporting that IPAQ-LF overesti-
mated PA levels in women with breast cancer [21], no study has 
assessed the validity of IPAQ in cancer survivors. The other ques-
tionnaire, GPAQ, was developed by the World Health Organiza-
tion for PA surveillance across countries and no validation data 
are available for cancer survivors.
The present study was designed to determine the validity of 
IPAQ-SF and GPAQ in a Spanish population of cancer survivors 
using accelerometry as the reference standard.

Methods
▼
This cross-sectional study examined a cohort of cancer survivors 
undergoing follow-up at a large hospital in Madrid (Hospital 
Universitario de Fuenlabrada, Madrid, Spain). Accelerometry PA 
data for this cohort have been recently reported by our group 
[42]. The study protocol met the ethical standards of the journal 
[18] and adhered to the tenets of the Declaration of Helsinki and 
the statements in Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) [52, 53]. The study received 
Institutional Review Board (Hospital Universitario de Fuen-
labrada) approval. Written informed consent was obtained from 
all participants.
As detailed elsewhere [42], cancer survivors (n = 204) were 
recruited from the hospital’s Oncology Department between 
May 2011 and June 2012 if they met the following criteria: aged 
18–79 years; able to walk independently and understand 
requirements for valid accelerometry; time after cancer diagno-
sis  ≥ 1 year; time after last anti-cancer treatment (chemother-
apy, radiotherapy or surgery)  ≥ 3 months; no evidence of tumor 
recurrence or metastasis.
All accelerometry data (see below) were analyzed by the same 
experienced observer (C.F.-L.). To check the reliability of these 
measurements, data from 18 randomly selected participants (9/
group) were analyzed by an external observer who was blinded 
to the results obtained (N.G.). A third researcher with expertise 
in accelerometry recordings compared the results obtained by 
the 2 independent observers (A.S.-L.). All subjects wore a triaxial 
Actigraph GT3X monitor device (Actigraph, Pensacola, FL, USA) 
for a minimum of 5 (and a maximum of 10) consecutive days. 
The validity of this device to quantify free-living PA, at least 
within frequencies (~2–4 Hz) common to most types of daily 
activities, has been previously shown by our group [45]. In each 
participant, monitoring was continued for a minimum of 5 days 
including 2 weekend days, and a minimum of 10 h of complete 
accelerometry data were recorded per day. For participants pro-
viding more than 5 consecutive days of recordings, only the data 
for the last 5 days including 2 weekend days were used [42]. The 
predefined epoch and sample rate were 15 s and 30 Hz, respec-
tively. Data were analyzed using ActiLife5 LITE software (Acti-
graph, Pensacola, FL, USA). Outcome variables were expressed as 
average intensity (counts · min − 1) and counts were transformed 
into time (average min · day − 1 and total min · week − 1) engaged in 
either physical inactivity or light, moderate and vigorous PA 
using the following cut-offs [14]: inactivity < 100 counts · min − 1; 
light PA = 100–1 951 counts · min − 1; moderate PA = 1 952–5 724 
counts · min − 1 [corresponding to 3–5.9 metabolic equivalents 
(METs), where 1 MET is equivalent to an oxygen consumption of 
3.5 ml · kg − 1 · min − 1]; and vigorous PA ≥ 5 725 counts · min − 1 ( ≥ 6 

METs). For any PA to be considered ‘moderate PA’, 10 consecutive 
minutes of observation had to exceed the moderate intensity 
cut-off, with allowance for a maximum of 2 observations falling 
below the cut-off during that period (8 out of 10 min had to be 
above the cut-off).
All participants completed the Spanish versions of IPAQ-SF [38] 
and GPAQ upon return of the accelerometers (within the same 
day and with no predetermined or randomized order for the 2 
questionnaires) [2].

Data analysis
Outliers in questionnaire and accelerometry data, i. e., data out-
side the inter-quartile range, were removed by constructing box 
and whisker plots. Since PA data did not follow a normal distri-
bution, we used the Wilcoxon signed-rank to compare the dif-
ferences between questionnaire and accelerometry data. 
Agreement between the 2 questionnaires (IPAQ-SF and GPAQ) 
vs. accelerometry was assessed with the Bland-Altman tech-
nique [5]. Association between the difference and magnitude of 
measurements (i. e., heteroscedasticity) was examined by regres-
sion analysis, entering the difference between the 2 methods 
(IPAQ-SF or GPAQ vs. accelerometry) as the dependent variable 
and the averaged value between them as the independent vari-
able [45].
The χ2 test was used to evaluate the difference between: i) the 
percentage of subjects who fulfilled minimum PA recommenda-
tions according to IPAQ-SF, GPAQ and accelerometry data and  
ii) the sensitivity and specificity of the IPAQ-SF and GPAQ. 
Finally, receiver operating characteristic (ROC) curves were con-
structed to determine the areas under the curve (AUC) and 95 % 
confidence intervals, specificity and sensitivity. According to 
AUCs, the 3 methods were classified as excellent (≥ 0.90), good 
(0.80 to 0.89), fair (0.70 to 0.79) or poor (< 0.70) predictors of the 
fulfillment of minimum PA recommendations. All statistical 
tests were performed using PASW software (v. 22.0 for MAC, 
Chicago).

Results
▼
 ●▶  Table 1 shows the main clinical characteristics of study cohort. 
Patients did not have any evidence of cancer and all had com-
pleted the treatment. Almost half (46 %) of the total sample had 
breast cancer and 26 % had colorectal cancer. Outliers were iden-
tified from IPAQ-SF, GPAQ and accelerometer data, resulting in 
11 values from 204 ( ●▶  Fig. 1). Finally, complete accelerometer 
data were available for 177 cancer survivors whereas complete 
IPAQ-SF and GPAQ data were available for 183 participants.
Levels of PA obtained through IPAQ-SF, GPAQ and accelerometry 
and χ2 test for adherence to minimum PA recommendations are 
provided in  ●▶  Table 2. Compared with the accelerometry data, 
both questionnaires significantly overestimated PA levels across 
all intensities and underestimated inactivity levels (p < 0.01). No 
differences were detected between the 2 questionnaires except 
for a shorter inactivity time estimated by GPAQ (p = 0.010). The 
aforementioned results did not change essentially when analyz-
ing both sexes separately or the most frequent type of cancer in 
the present cohort (breast cancer) vs. the other type of tumors) 
(Supplementary File 1).
The Bland and Altman procedure ( ●▶  Table 3 and Supplementary 
File 2) confirmed that both questionnaires overestimated all 
intensities of PA. According to the heteroscedasticity data, the 
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difference and the average total time estimated by GPAQ/IPAQ-
SF vs. accelerometry in all PA intensities were only significantly 
correlated for vigorous PA ( ●▶  Table 3). Moreover, significant pos-
itive association was detected between both questionnaires in 
all PA intensities as well as inactivity ( ●▶  Table 3, right column, 
i. e., all p-values for Pearson correlation coefficients < 0.001). Our 
ROC analysis served to identify IPAQ-SF and GPAQ as fair and 
poor predictors, respectively, of the proportion of patients meet-
ing minimum PA recommendations ( ●▶  Table 4). IPAQ-SF showed 
a higher sensitivity (true positive rate) but lower specificity 
(true negative rate) than GPAQ.

Discussion
▼
This study is the first to compare the performance of 2 widely 
used PA questionnaires (IPAQ-SF and GPAQ) using accelerometer 
data as reference to determine PA and inactivity levels in cancer 
survivors. General agreement between self-reported and accel-
erometer-measured PA levels was poor and correlation coeffi-
cients were lower than recommended [51]. Hence, according to 
our data, these questionnaires cannot be considered the best 
option to assess PA or inactivity levels in this subject population, 
as they tend to overestimate PA levels while underestimating 
inactivity time. A systematic review concluded that IPAQ-SF 

overestimated PA as measured by objective criterion by an aver-
age of 84 % [28]. Greatest differences between self-reported and 
accelerometry data were produced for vigorous PA and inactiv-
ity levels. Thus, these questionnaires are not even useful to iden-
tify individuals who do not meet minimum PA recommendations. 
Given the recently reported benefits of PA against cancer risk or 
mortality [44] and provocative data indicating a relationship 
between PA and lower cancer mortality [24, 25, 33], our findings 
have implications for the adequate quantification of PA in cancer 
survivors.
Subjective methods (questionnaires) of PA determination have 
been used in the most influential studies leading to international 
recommendations, and these methods are considered useful for 
large-scale screening as they are inexpensive and easy to admin-
ister. However, questionnaires often seem to overestimate (or 
even underestimate) PA levels [43]. Self-reported PA data are 
susceptible to error due to misreporting because of a tendency 
to reflect social desirability or due to cognitive limitations 
related to recall or comprehension. In effect, self-reporting of PA 
can be particularly difficult in the elderly. Individuals also tend 
to overreport PA and underestimate sedentary pursuits such as 
watching television [23]. Sims et al. noted that people who had 
been specifically encouraged to exercise reported a greater vol-
ume of PA compared with PA levels inferred from heart rate data 
[47]. In a recent report, the authors argued that the use of ques-
tionnaires to estimate PA and inactivity levels could result in 
failure to detect real relationships with metabolic and vascular 
disease risk factors or underestimation of the strength of those 
relationships [8].
IPAQ was developed to evaluate an individual’s level of PA in 
terms of getting around, leisure time activities and household 
tasks. The questionnaire targets the age range 15–65 and until 
further development and testing is undertaken, its use in older 
or younger persons is not recommended. IPAQ-SF was designed 
for surveillance studies in which time is limited and consists of 
8 items to estimate time spent conducting moderate to vigorous 
PA and inactivity (time spent sitting). This short form assesses 4 
PA intensity levels: 1) vigorous PA such as aerobics, 2) moderate-
intensity PA such as leisure-cycling, 3) walking and 4) sitting. 
The first comprehensive validation of IPAQ-SF was conducted 
across 12 countries, and correlations with data obtained using 
the uniaxial CSA model 7164 accelerometer were reported [9]. 
Spain was not included among these countries. However, the 
wide range of Spearman correlations reported raises concerns 
about the validity of the questionnaire for use across popula-
tions. Indeed, the single study using the expensive doubly 
labeled water technique revealed marked underestimation of 
questionnaire-derived energy expenditure at higher PA levels 
[37]. In a systematic review of 23 validation studies of the IPAQ-
SF it was also observed that in most studies, this questionnaire 
only shows discrete correlation with objective measures of PA 
such as accelerometers [28]. Effectively, although some authors 
indicate a few exceptions (with vigorous PA and walking provid-
ing some acceptable correlations), none of the IPAQ-SF studies 
reviewed reached the minimal acceptable correlation standard 
of 0.5 recommended for objective measures. These authors 
make a call for additional well-designed studies. A recent meta-
analysis showed overall convergent validity of IPAQ within each 
PA category; using a short form to estimate the amount of PA as 
a form of continuous measures was found acceptable if the pri-
mary interest of the study is not domain-specific measures [22].

Table 1  Main descriptive and clinical data of the study cohort (initial n = 204).

Gender
Men ( %) 36 %
Women ( %) 64 %
Age (mean ± D) 54 ± 11 yr
BMI (mean ± SD) 27.9 ± 4.9 kg/m2

Overweight ( % with BMI > 25 kg/m2) 40 %
Obese ( % with BMI > 30 kg/m2) 33 %
Smokers
Yes ( %) 22 %
No ( %) 80 %
Remember having received PA recommendation by any health  
practitioner?
Yes ( %) 48 %
No ( %) 52 %
Exercise recommendation registered in medical records
Yes 15 %
No ( %) 85 %
Type of cancer
Breast 46 %
Colon 17 %
Rectal 9 %
Testicular/germinal 5 %
Ovarian 4 %
Lung 4 %
Head and neck 3 %
Uterine cervix 2 %
Bladder 2 %
Stomach 2 %
Other (sarcoma, uterus, pancreas, renal, nasopharynx, 
thymus – each  < 2 %)

6 %

Survival time (median ± SD) 4 ± 4 yr
Time since end-treatment (median ± SD) 3 ± 4 yr
Type of treatment
Surgery 97 %
Chemotherapy 81 %
Radiotherapy 54 %
BMI, body mass index; PA, physical activity
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Our findings are consistent with reports indicating the IPAQ-SF 
questionnaire’s over-reporting of total PA. Johnson-Kozlow et al. 
compared IPAQ-LF with 7-Day Physical Activity Recall (PAR) in 
women diagnosed with breast cancer [21]. Besides poor validity 
correlation (0.33), IPAQ-LF overestimated total PA by 247 % and 

showed poor sensitivity (71 %) and specificity (59 %) for predict-
ing adherence to minimum PA recommendations. After its 
translation and adaptation for use in Latin American subjects 
[38, 40], IPAQ-SF has also shown poor validity for assessing mod-
erate to vigorous PA [40].

n = 204 

Cancer survivors recruited from the
Hospital Universitario de Fuenlabrada,

(Madrid, Spain) between May 2011 and
June 2012   

Measurements 
n = 204 

IPAQ-SF and GPAQ

n = 204 

Accelerometry (triaxial
Actigraph GT3X) for ≥5
days (2 weekend days)  

n = 10 

Incomplete data 

n = 194 

IPAQ-SF and GPAQ 

n = 183 

IPAQ-SF and GPAQ
Complete data available

for analyses 

n=11

Outliers 

n = 188 

Accelerometry

Complete data  

n = 177 

Accelerometry

Complete data available for
analyses 

n = 11 

Outliers 

n = 16 

Incomplete data 

Continuous 
recording: 

< 3 week days 
(n = 9)  

or 

< 2 weekend days 
(n = 7) 

or  

combinations 
thereof (n = 5) 

n = 177  

Finally analyzed data,i.e.,
subjects with complete data of

IPAQ-SF, GPAQ and
accelerometry 

Fig. 1  Flow diagram of participants and measure-
ments.

Table 2  Physical activity and inactivity levels determined using the 3 assessment methods.

Accelerometry IPAQ-SF GPAQ p-value accelero

metry  vs. IPAQ-SF

p-value accelero

metry  vs. GPAQ

p-value IPAQ-

SF vs. GPAQ

Vigorous PA (min · week − 1) 6 ± 17 37 ± 114 17 ± 47  0.002  0.007 0.182
Moderate PA (min · week − 1) 360 ± 196 650 ± 586 606 ± 637  < 0.001  < 0.001 0.127
Inactivity (min · week − 1) 3 583 ± 1 065 1 793 ± 914 1 635 ± 947  < 0.001  < 0.001 0.010
Adherence to minimum PA 
recommendations ( %)

91 % 87 % 81 % 0.490 0.060 0.330

Data are from cancer survivors with complete data of the 3 methods (n = 177) and expressed as mean ± SD. GPAQ, global physical activity questionnaire; IPAQ-SF, international 
physical activity questionnaire short form; PA, physical activity. Note: Minimum recommendations are  ≥ 150 min · week − 1 of MVPA. Significant p-values are in bold
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The validity of GPAQ determined here with respect to the refer-
ence accelerometry method was similar to that observed for 
IPAQ-SF, and this instrument also returned a poor negative pre-
dictive value [11]. In the present clinical setting, these 2 widely 
used questionnaires failed to identify people who were physi-
cally inactive. We would particularly need to identify these per-
sons to target them for interventions promoting PA. Recent 
epidemiologic studies have reported on the health hazards of 
sedentary behavior especially sitting time. This behavior is per-
haps one of the most difficult domains to assess through ques-
tionnaires as demonstrated by poor correlations with objectively 
measured sedentary time according to Helmerhorst [19] and 
confirmed by our data. A Norwegian study also detected large 
variations between self-reported (IPAQ-SF) and accelerometer-
measured PA and sedentary time [12]. The higher volume of 
self-reported vs. accelerometer-measured vigorous-intensity PA 
detected here is consistent with the findings of others [12, 15, 41]. 
Thus, differences between the 2 types of data were enhanced for 
the higher activity levels, which is also in agreement with the 
results of other validation studies using different IPAQ versions 
[15, 16, 54].
The major strength of our study is that it is the largest to com-
pare self-reported and accelerometry PA data in individuals with 
a history of cancer and the first to compare IPAQ-SF and GPAQ 
against accelerometer data in this type of population. Its main 

limitation is the small geographical area examined, reducing its 
external validity. A further limitation is that reliability was not 
assessed and that the order of questionnaire administration was 
not randomized. Accelerometry also has some inherent limita-
tions including its inability to accurately assess the intensity of 
specific exercise modalities such as weight-lifting, cycling and 
swimming. The choice of somewhat arbitrary cut-offs to classify 
intensities could be viewed as another limitation of this method.
In conclusion, our data do not support the use of IPAQ-SF or 
GPAQ to determine PA or inactivity levels in cancer survivors. 
We propose the use of more objective methods to cover the need 
to accurately quantify PA levels and promote PA both in cancer 
survivors or other target populations and for research purposes.
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Supplementary File 1  Physical activity and inactivity levels using the three methods according to sex and type of tumor (breast vs other than breast).

Physical inactivity and activity levels determined using the 3 assessment methods in women only with complete data of the 3 methods (n = 118).

Accelerometry IPAQ-SF GPAQ p-value  

accelerometry vs. 

IPAQ-SF

p-value  

accelerometry vs.  

GPAQ

p-value IPAQ-

SF vs. GPAQ

Vigorous PA (min · week − 1) 3 ± 10 34 ± 108 13 ± 30  0.001  0.012 0.520
Moderate PA (min · week − 1) 364 ± 181 636 ± 610 610 ± 591  < 0.001  < 0.001 0.875
Inactivity (min · week − 1) 3 653 ± 979 1 644 ± 830 1 582 ± 836  < 0.001  < 0.001 0.172
Adherence to minimum PA  
recommendations ( %)

89 % 85 % 83 % 0.335 0.189 0.723

Physical inactivity and activity levels determined using the 3 assessment methods in men only with complete data of the 3 methods (n = 59).

Accelerometry IPAQ-SF GPAQ p-value  

accelerometry vs. 

IPAQ-SF

p-value  

accelerometry vs.  

GPAQ

p-value  

IPAQ-SF vs. 

GPAQ

Vigorous PA (min · week − 1) 10 ± 26 43 ± 123 26 ± 69 0.353 0.215 0.227
Moderate PA (min · week − 1) 375 ± 246 686 ± 536 609 ± 718 0.001 0.221 0.008
Inactivity (min · week − 1) 3 500 ± 1 140 2 077 ± 1 004 1 739 ± 1 132  < 0.001  < 0.001 0.018
Adherence to minimum PA  
recommendations ( %)

92 % 90 % 80 % 0.752 0.066 0.124

Physical inactivity and activity levels determined using the 3 assessment methods in subjects with breast cancer only with complete data of the 3 

methods (n = 85 (99 % women)).

Accelerometry IPAQ-SF GPAQ p-value  

accelerometry vs. 

IPAQ-SF

p-value  

accelerometry vs.  

GPAQ

p-value  

IPAQ-SF vs. 

GPAQ

Vigorous PA (min · week − 1) 3 ± 10 33 ± 101 11 ± 28  0.020  0.022 0.426
Moderate PA (min · week − 1) 342 ± 163 627 ± 611 577 ± 598 0.001 0.003 0.636
Inactivity (min · week − 1) 3 686 ± 969 1 635 ± 850 1 651 ± 800  < 0.001  < 0.001 0.642
Adherence to minimum PA  
recommendations ( %)

87 % 84 % 82 % 0.516 0.394 0.838

Physical inactivity and activity levels determined using the 3 assessment methods in subjects with tumors other than breast cancer with complete 

data of the 3 methods (n = 92).

Accelerometry IPAQ-SF GPAQ p-value  

accelerometry vs. 

IPAQ-SF

p-value  

accelerometry vs.  

GPAQ

p-value  

IPAQ-SF vs. 

GPAQ

Vigorous PA (min · week − 1) 8 ± 22 40 ± 123 23 ± 58 0.040 0.101 0.292
Moderate PA (min · week − 1) 376 ± 221 669 ± 566 631 ± 670  < 0.001 0.004 0.072
Inactivity (min · week − 1) 3 496 ± 1 135 1 925 ± 949 1 622 ± 1 059  < 0.001  < 0.001 0.003
Adherence to minimum PA  
recommendations ( %)

92 % 88 % 82 % 0.321 0.029 0.218

Data are mean ± SD. GPAQ, global physical activity questionnaire; IPAQ-SF, international physical activity questionnaire short form; PA, physical activity. Note: Minimum recom-
mendations are  ≥ 150 min · week − 1 of MVPA. Significant p-values are in bold

Supplementary Material
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Supplementary File 2  Bland and Altman analyses.
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