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Abstract

compared to NOPAQ scores at visit 2.

0.001) were also demonstrated.

Norwegian population.

Background: Accurate measurement of physical activity (PA) is critical to establish dose-response relationships with
various health outcomes. We compared the self-administered PA questionnaire from the Norwegian Women and
Cancer Study (NOWACQC) with a criterion method in middle-aged Norwegian women.

Methods: A sample of 177 randomly recruited healthy women attended two clinical visits approximately 4-6
months apart. At each visit, the women completed the NOWAC PA gquestionnaire (NOPAQ), rating their overall PA
level on a 10-category scale (1 being a “very low” and 10 being a “very high” PA level) and performed an 8-minute
step-test to estimate aerobic fitness (VO,max). After each visit, the women wore a combined heart rate and
movement sensor for 4 consecutive days of free-living. Measures of PA obtained from the combined heart rate
and movement sensor, which were used as criterion, included individually calibrated PA energy expenditure (PAEE),
acceleration, and hours/day of moderate-to-vigorous intensity PA (MVPA). These were averaged between visits and

Results: Intra-class correlation coefficients for objective measures from both free-living periods were in the range
of 0.65-0.87 (P < 0.001), compared to 0.62 (P < 0.001) for NOPAQ. There was a moderate but significant (P < 0.001)
Spearman’s rank correlation coefficient in the range of 0.36-046 between NOPAQ and objective measures of PA.
Linear trends for the association between the NOPAQ rating scale with PAEE, hours/day of MVPA and VO,max (P <

Conclusions: Self-reported PA level measured on a 10-category scale appears valid to rank PA in a female

Keywords: Accelerometry, combined sensor, heart rate, physical activity, self-report, validation

Background

In large-scale epidemiologic studies, physical activity
(PA) is often assessed using questionnaires [1,2]. Self-
report methods as global questionnaires are commonly
used to assess the relationship with health outcomes in
order to rank or classify individuals as either physically
active or inactive [3,4]. Indeed, a number of different PA
questionnaires have been developed for various purposes
such as surveillance, etiological investigation and risk
stratification [5]. PA is a complex multidimensional
behavior characterized in terms of volume, domain, type,
duration, intensity and frequency [6], which makes PA
inherently difficult to assess accurately in epidemiologic
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studies. Particularly challenging is the estimation of PA
energy expenditure (PAEE) [4,7]. Nonetheless, documen-
tation of a questionnaire’s precision is important to inter-
pret the information it provides. Independent criterion
methods that can accurately assess PAEE is key when
examining the validity of PA questionnaires that aim to
estimate PAEE as an integrated measure of self-reported
duration, intensity and frequency of PA [3]. The gold
standard for measuring PAEE during free-living condi-
tions is the doubly-labeled water method, combined with
an assessment of resting metabolic rate. However, this
approach is expensive and does not provide any informa-
tion on intensity and frequency patterns. Therefore, the
most commonly used measures are derived from accel-
erometry, heart rate monitoring, or combined heart rate
and movement sensing.
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The Norwegian Women and Cancer (NOWAC) Study is
a population-based, nation-wide cohort study that was
initiated in 1991 [8]. The study was originally set up to
estimate the risk of breast cancer and its association with
oral contraceptive use, and has since been expanded to
examine the possible association between several expo-
sures and different types of cancer and other chronic dis-
eases [8]. The NOWAC PA questionnaire (NOPAQ) is a
unique and simple self-report instrument for ranking of
PA level using a 10-category scale. It was mainly devel-
oped to enable adjustment for PA as a confounding vari-
able when examining associations between other health-
related exposures and disease. PA exposure as assessed by
the NOPAQ has not been previously validated. We there-
fore aimed to evaluate the criterion-related validity of the
NOPAQ against objective estimates of PA, as assessed by
individually-calibrated combined heart rate (HR) and
movement sensoring. In addition, we examined the influ-
ence of aerobic fitness (VO,max). The results from this
study will provide useful knowledge regarding PA assess-
ment methodology within a female population.

Methods

Study Design

The study was carried out from March 2007 to March
2008, covering all four seasons. It consisted of two clinical
visits, approximately 4 to 6 months apart (mean time
between visits = 4.99 (0.92 months). Each clinical visit
included completion of the NOPAQ and an 8-minute
step-test. Each clinical visit was followed by combined
heart rate (HR) and movement monitoring for at least 4
consecutive days and nights of free-living. This study fol-
lowed the protocol of The InterAct validation study [9],
which aimed to validate different PA questionnaires within
the European Prospective Investigation into Nutrition and
Cancer, of which the NOWAC study is part.

Study population

Tromse is a city located at latitude 69°N in the county of
Troms, an area characterized by large seasonal variations.
A random sample of 600 women between 40-55 years of
age and living in Tromse was drawn in 2007 from the
National Population Registry, Statistics Norway. Due to
emigration and unknown addresses, 589 women were
invited to participate in this study. The participants had to
live in the same municipality as the investigation premises
at the University of Tromse to match the original sample
in the NOWAC study [8]. Exclusion criteria were condi-
tions that had led to mobility limitations, which made
walking unaided impossible. A total of 221 women agreed
to participate; however 23 women did not come to the
first clinical visit, resulting in an initial study sample of
198 women (overall response rate 33.6%). Following the
two clinical visits complete data was available for 177
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women: 4 did not provide sufficient free-living data at visit
1 and a further 17 had missing data at visit 2 (Figure 1).
Participants taking medications that affected heart rate
(use of beta blockers, 50% or more of maximum dose, n =
1) were excluded from the step-test, but were included in
all other parts of the study. Written informed consent was
obtained from each participant and ethical approval for
the study was obtained from the Regional Committee for
Medical Research Ethics, North of Norway, and the Nor-
wegian Data Inspectorate.

Anthropometrics

Height (to the nearest mm) and weight (to the nearest
0.1 kg) were measured by a Seca 764 electronic body
height and weight measuring instrument (Seca gmbh &
co.kg, Hamburg, Germany). Both were measured with
the participant in light clothing and without shoes. Body
mass index was calculated as weight in kilograms
divided by height in meters squared (kg/m?), and cate-
gorized into three levels; normal (< 25 l<g/m2), over-
weight (25-30 kg/m?) and obese (> 30 kg/m?).

Measures of PA

Objective measures of PA and fitness

Eligible participants were fitted with a combined heart
rate and movement sensor (Actiheart, CamNtech, Cam-
bridge, UK), which was attached to the chest via two
standard electrocardiogram electrodes [10].

Study participants performed an 8-minute ramped step-
test using a 200-mm step (Reebok, Lancaster, UK) to
determine the individual relationship between heart rate
and workload [11]. Specifically, participants were asked to
step up and down following a timed voice prompt at a
step frequency that began at 15 body lifts per minute (60
steps/min) and increased linearly to a maximum of 33 lifts
per minute, immediately followed by a 2-minute seated
recovery phase. In addition to their utility for individual
calibration of free-living heart rate data, the parameters of
the step test were used to estimate VO,max (mL/kg/min)
by extrapolating each individual’s sub-maximal HR-PAEE
relationship to age-predicted maximum HR [12] and add-
ing an estimate of resting metabolic rate [13].

Following each step-test, the combined heart rate and
movement sensor was downloaded and re-initialized for
long-term recording on a 1-minute epoch and partici-
pants were instructed to wear the monitor continuously
for a minimum of 4 consecutive days and nights. Data
collected during these free-living periods was down-
loaded to a computer database and the heart rate trace
was processed using a robust Gaussian Process regression
method to handle potential measurement noise [14]. PA
intensity (J/min/kg) for each time point was estimated
from the combination of individually calibrated heart rate
and movement data [11] using a branched equation
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Figure 1 Flow chart - inclusion of the study participants.

framework [15]. Periods of non-wear were inferred from
the combination of non-physiological heart rate and pro-
longed periods of inactivity, which were taken into
account to minimize diurnal information bias when sum-
marizing the intensity time-series into PAEE (kJ/kg/day),
hours per day of light intensity PA (< 3 metabolic equiva-
lent of task units, MET), moderate-to-vigorous PA
(MVPA, > 3 MET), and average acceleration (m/s).

PA questionnaire (NOPAQ)

Study participants completed the NOPAQ at both clinical
visits. The questionnaire asks the participant to rate their
PA level at age 14 and 30 years, as well as “today” (the
time of completion) on a scale of 1 to 10, where 1 corre-
sponds to a “very low” PA level and 10 corresponds to a
“very high” PA level. PA was described in the question-
naire as “By physical activity we mean both work in and
outside the home, as well as training/exercise and other
physical activity, such as walking, etc. Mark the number
that best describes your level of physical activity.” (See

additional file 1 showing questionnaire excerpt). The
response given for the PA level at the time of question-
naire completion ("today”) was evaluated in this validation
study.

Statistical analysis

Descriptive data (age, height, weight, body mass index, fit-
ness, and objective physical activity measures) were first
summarized on an individual level based on measures
from both clinical visits and the sample mean + standard
deviation (SD) was then reported. Outcomes from the
NOPAQ were described with frequency distribution.
Responses from the NOPAQ completed at visit 2 were
used in the comparison with objective measures. Relative
agreement between visit 1 and visit 2 measures were
examined by Intra-class correlation coefficients (ICC).
Time between assessments did not influence these results,
so they were left unadjusted. Criterion validity of the
NOPAQ against objective measures (PAEE, accelerometry,
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MVPA and VO,max) was examined by Spearman’s rank
correlation coefficient (5). The NOPAQ was analyzed
using each level of the 10-category scale as a categorical
variable in correlation analyses. Since participants may
also take their perceived fitness level into account when
self-reporting their PA level, we also combined the
VO,max estimate and the PAEE estimate into a new vari-
able by averaging their z-scores (zPAFIT), and compared
with the NOPAQ. Linear regression analysis was used to
examine relationships between the PAEE and zPAFIT
measures and the NOPAQ (self-reported PA level treated
as a continuous variable) at three levels of adjustment;
unadjusted, age and BMI adjusted, and with additional
adjustment for VO2max (PAEE model only). Assumptions
of linear regression analysis (i.e., normally distributed resi-
duals) was examined by the Shapiro-Wilk W test. For all
analyses, the level of significance was set at P < 0.05.
STATA version 11.0, special edition (StataCorp, College
Station, TX, USA) was used for the statistical analyses.

Results
Characteristics of the study participants and PA level
Table 1 presents descriptive characteristics of study par-
ticipants. The median self-reported PA level was 5 on
the 10-category scale, with 41.2% of participants ranking
their PA level as 5 or 6, 28.3% as 1 to 4 and 30.5% rank-
ing their PA level as 7 or higher. The participants spent
on average 41% of their time at sedentary (< 1 MET)
and 53% at low (1-3 METSs) PA intensity according to
combined sensor measures of PA. The monitor was
worn by participants for an average of 4.7 (0.22) days
and nights during each of the two measurement periods.
Table 2 displays the ICC for PAEE, acceleration,
MVPA, VO,max, zPAFIT and the NOPAQ (all P <
0.001). It indicates a moderate agreement for all activity
measures, and similar between objective and self-report

Table 1 Descriptive characteristics of study participants,
n = 177 women

Characteristics Mean SD Min Max

Age (years) 475 44 40 55
Height (m) 1.7 0.06 1.51 1.8
Weight (kg) 711 109 47 1153
BMI (kg/m?) 26.1 35 188 375
PAEE (kJ/kg/day) 449 144 175 %6
Acceleration (m/s?) 0.1 004 002 03
Sedentary time (hours/day) 99 14 6.6 154
Low intensity PA (hours/day) 126 14 75 16.0
MVPA (hours/day) 15 09 02 6.5
VO,max (mIlO,/min/kg) 319 48 228 539
NOPAQ* 5 3 1 10

*Self-reported PA level median (interquartile range)

Page 4 of 8

Table 2 Relative agreement between measures obtained
from the two visits

Outcome Icc* 95% CIt

PAEE 0.65 [0.56, 0.74]
MVPA 0.66 [0.56, 0.74]
Acceleration 0.65 [0.56, 0.73]
VO,max 087 [0.81, 0.89]
zPAFIT 084 [0.79, 0.88]
NOPAQ 062 [0.52, 0.71]

*Intraclass correlation coefficient
fConfidence interval

measures. VO,max measures at first and second clinical
visit were more strongly correlated, with an ICC of 0.87.

Comparing self-reported PA level and objective measures
Sensor-based measures of PA and fitness were stratified
by self-reported PA levels (Table 3). Overall, significant
linear trends of PAEE, acceleration, MVPA, VO,max
and zPAFIT across self-reported PA levels were
observed. Self-reported PA level was positively asso-
ciated with level of PAEE, and a trend of increasing
acceleration from the lowest to the highest self-reported
PA level was also observed. Higher self-reported PA
level was associated with higher durations of MVPA
(> 3 METs). Similarly, those who characterized them-
selves as less active accumulated less MVPA. Further-
more, higher self-reported PA levels were associated
with higher VO,max estimates and lower body mass
index.

The associations between the NOPAQ and criterion
measures were significantly correlated, with Spearman’s
rank correlation coefficients of 0.36-0.46, depending on
the criterion measure: PAEE (¢ = 0.39), MVPA (c = 0.42),
VO,max (o = 0.36) and zPAFIT (c = 0.41). The strongest
correlation was observed for accelerometry (o = 0.46).

Relationships between the NOPAQ and the criterion
measures PAEE and zPAFIT were examined by linear
regression analysis (Table 4). Self-reported PA level con-
tributed significantly to explain variance in both PAEE
and zPAFIT at all levels of adjustment.

Discussion

The present study examined the criterion validity of a
simple self-reported ranking instrument, the NOPAQ,
which was aimed at ranking overall PA level in Norwe-
gian women aged 40-55 years. In general, the results
showed significant but moderate Spearman’s rank corre-
lation coefficients in the range of 0.36-0.46, and linear
trends in the relationship between self-reported PA level
and objective measures of PA derived from registration
of heart rate and movement during free-living, including
PAEE, acceleration, and MVPA. In addition, NOPAQ
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Table 3 Objective measures of physical activity and fitness by self-reported PA level among 177 women

PA level % PA (N) PAEE MVPA Acceleration VO,max zPAFIT BMI

1 1.7 (3) 31.8 (4.50) 80 (.10) .07 (003) 29.1(1.10) -70 (33) 29.1(2.68)
2 5109 357 (3.17) 87 (19 .08 (.006) 299 (95) -42 (19) 25.0(1.16)
3 74 (13) 37.7 (5.01) 1.16 (31) .08 (.006) 224 (89) -59 (27) 27.5(96)
4 14.1(25) 393 (2.07) 131 (15) .09 (007) 299 (67) -43 (1) 274 (72)
5 23.2(41) 424 (1.97) 1.38 (.10 11 (.006) 316 (91) -13(15) 26.7 (60)
6 18.1(32) 47.7 (2.62) 149 (13) 13 (009) 334 (65) 35 (13) 24.1 (53)
7 17.5(31) 1(243) 1.98 (.15) .12 (006) 33.8 (84) 32 (14) 264 (.60)
8 10.2(18) 47.7 (239 167 (14) .14 (008) 323 (.70) 10 (12) 257 (63)
9 1.1 57.1(17.91) 244(.1.30) 13 (01) 29.7(3.72) 12 (81) 250 (81)
10 1.7 3) 70.4(14.40) 342 (1.58) 16 (04) 41.1(7.15) 1.84(1.14) 25.1(1.86)
Test for trend P < 0.001 P < 0.001 P < 0.001 P < 0.001 P < 0.001 P = 0047

correlates positively with VO,max. The results also
showed that stability statistics were comparable for both
objective and subjective activity measures over a period
of 4-6 months, as assessed using ICCs (0.62-0.65). Tak-
ing into account that PA is a modifiable behavior, this
indicates that physical activity level of middle-aged
women may be relatively stable over a time period of 4
to 6 months, and across large seasonal variations in
Norway, although not as stable as fitness.

Our results are in agreement with previous studies
examining the validity of other self-reported ranking
instruments to measure global PA. In a review [16] on
self-reported PA questionnaires comparing different objec-
tive measures of PA (e.g., doubly-labeled water method,
accelerometry, and HR monitoring) with self-reported PA,
the correlation coefficients ranged between 0.14-0.36.
More complex questionnaires have been compared with
relatively simple measures of global PA and correlation
coefficients were reported in the range of 0.14-0.41 [17].
Long and complex PA questionnaires may be demanding
for the respondents and may therefore explain why some
of the highest coefficients for reliability and validity are
seen for global PA questionnaires [17]. A validation study
of the International Physical Activity Questionnaire
against accelerometry across 12 countries reported a

Table 4 Relationship between self-report and objective
measures of physical activity

PAEE zPAFIT

Model B 95%Cl R2 B 95%Cl R2

NOPAQ 0.049 [0.029, 012 018 [0.12, 0.15
0.069] 0.26]

NOPAQ 0.039 [0.021, 034 015 [0.09, 0.34

(w/BMI and age) 0.056] 0.21]

NOPAQ 0.021 [0.005, 0.48

(w/BMI, age, and 0.038]

VO,max)

The B-coefficient denotes the difference in the outcome variable by a 1-unit
difference in the NOPAQ scale. Cl = Confidence Interval. R2 = model
explained variance

criterion validity by Spearman correlation with a median
of 0.30 [18]. It is interesting that the simple NOPAQ rank-
ing instrument correlates quite strongly with the criterion
measures, even higher than some PA questionnaires that
aim to measure different dimensions of PA. However, an
alternative explanation is that the lower correlations
observed in other studies are due to limitations of the cri-
terion method used for comparison; even though the cor-
relation with accelerometry in our study was also high,
this criterion measure may have been stronger in our
study since the participants wore the monitor 24 hours a
day during two 4-day observation periods. We cannot
however compare correlations directly to ascertain which
self-reported instrument may be superior. One exception
is the recent report by the InterAct Consortium on validity
of the short EPIC questionnaire, carried out in 10 Eur-
opean countries and including the present sample of Nor-
wegian women [9]. This study, using the same criterion
measures and sampling protocols, reported Spearman cor-
relations of 0.32 and 0.35 in the Norwegian sample for the
best indices derived from that questionnaire, which is
almost identical to the NOPAQ result. The acceptable
measurement properties of the NOPAQ compared to
other more established self-reported instruments could be
due to the simplicity of its design. It may be easier for the
participant to answer questions on PA when only one gen-
eral dimension of PA is sought [19]. The NOPAQ includes
several dimensions collapsed into one global PA measure,
and could be considered beneficial. To this end, face valid-
ity of the NOPAQ was recently demonstrated in a follow-
up within the original NOWAC study, in that PA level
was predictive of mortality and also inversely associated
with BMI [20].

Strengths of the present study include the criterion
method of individually calibrated HR and movement
sensing in a repeated measurement study design. Using
multiple measures will most likely provide a more
robust estimate of “true” PA, as compared to using a
single measure. Apart from the doubly-labeled water
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method, combined HR and movement sensoring is
probably the most accurate criterion method available
from which to derive PAEE measures [5]. Indeed, a
combined sensor that provides estimates of PAEE using
accelerometry and heart rate monitoring data may over-
come some of the limitations associated using these
methods separately. Accelerometry, for example, is lim-
ited for assessing PAEE of certain types of activities
such as cycling and carrying heavy loads. Heart rate
monitoring is limited when measuring low-intensity
activity due to stronger relative influence of stress and
relies more heavily on individual calibration [15]. A
combined monitor with individual calibration of the
heart rate-PAEE relationship and branched modeling for
combining the physiological and biomechanical informa-
tion recorded has been shown to reduce the error of
predicted PAEE [11]. The criterion measure of PA
intensity and its time-integral, PAEE, has been success-
fully validated against indirect calorimetry during simu-
lated daily living activities [21-23] and during free-living
against the doubly-labeled water method [24].

Between 3 and 5 days is usually considered appropriate
for providing reliable measures of free-living PA by accel-
erometry [25]. In this study, the participants wore the
monitors for > 4 days including nights after each clinical
visit, which is also considered sufficient for obtaining reli-
able PAEE estimates. This protocol also provided data on
sleeping heart rate which, in addition to aiding individual
calibration, improved the precision of PAEE estimates
[15]. Another important strength of this study includes a
24-hour protocol which makes non-wear time less of an
issue. The monitors were given to participants during a
face-to-face clinical visit and this approach made certain
that care and use of the monitor was explained adequately.

Our results also indicated that higher VO,max was asso-
ciated with higher self-reported PA level. It is a general
understanding among many people that fitness (VO,max)
is the same as PA [26], despite the fact that the constructs
are different, one being a capacity (“can do”) quantity and
the other being a behavioral (“will do”) quantity. It is also
argued that most people have a fairly clear perception of
their fitness level according to their leisure time PA levels
[17] but to generalize such predictions is perhaps ques-
tionable. To correct for the possibility that participants
may take into account their perceived fitness level when
reporting their PA level and the resulting bias, the associa-
tion with PAEE was adjusted for VO,max in the linear
regression analysis, in addition to examining a composite
outcome of PAEE and VO,max in the zPAFIT variable.
The magnitude of the association between NOPAQ and
PAEE was attenuated but still significant after adjusting
for fitness. In addition, the zZPAFIT variable showed only
minor improvement in the correlation with self-reported
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PA level, which suggests that the NOPAQ does not suffer
severely from any bias by VO,max level.

The participants in the present study were representa-
tive of the population of the NOWAC Study in terms of
age and sex. The NOWAC study population is further
considered representative of Norwegian middle-aged
women [8]. Nonetheless, it is important to highlight that
examining agreement between instruments done in one
group may not generalize to others. The NOPAQ was
completed twice, at two separate clinical visits by partici-
pants in this study, and an ICC of 0.62 indicated a moder-
ate agreement; the responses did not differ substantially
over a 4-6 month time period. The participants live in an
area with considerable seasonal variations, which could
explain some of the differences in self-reported PA level
between visits. This is supported by the fact that ICCs
were similar for sensor-based measures of PA.

The main advantages of a PA questionnaire such as the
NOPAQ that uses an ordinal scale are the ease of design,
administration, and data handling. Nevertheless, there
are other challenges associated with the use of a simple
rating scale. Studies have demonstrated that self-reported
PA is usually overestimated when compared with criter-
ion measures of PA [27,28]. Calibrating highly subjective
experiences such as perceived total amount of PA along a
continuum of equal intervals is difficult. Assessment of a
subjective phenomenon will always be a challenge con-
sidering the fact that categorizing and quantification
never will totally embrace a phenomenon [29]. Another
criticism of an ordinal scale is the reluctance of subjects
to make full use of its range, preferring to avoid extreme
responses [30]. A numeric scale will obviously raise diffi-
culties for some individuals in rating a self-perceived
behavior like PA, and reference frames will probably dif-
fer widely. In order to use a scale well, respondents need
a reference frame when choosing PA levels [31]. The
challenge with the NOPAQ is that it uses a numeric scale
to rank PA levels in individuals. It could be difficult for
the respondent to differentiate between and interpret the
10 levels without a reference frame to associate with the
various levels of the scale. Both vigorous PA and seden-
tary behavior are two important sub-dimensions of PA
related to health [32]. Our results suggest that the
NOPAQ is sufficient to rank individuals into categories
of global PA level which is of relevant usability. However,
the scale does not give insight into the type, frequency,
intensity, or duration of PA, nor the domains in which
PA takes place; these characteristics limits the utility of
the NOPAQ. A limitation of the present study was that
there were fewer individuals in the lower and higher self-
reported PA categories. However, we would not expect
many women between 40 and 55 years to be categorized
into either of these groups, and we found the study
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population normally distributed according to self-
reported PA level.

The fact that correlation coefficients are significant does
not automatically imply that the two measures are identi-
cal and the results should be interpreted accordingly. Both
questionnaire- and sensor-based measures of activity
clearly assess PA differently, each with individual strengths
and limitations.

It is important to maintain consistency in surveillance of
PA in a prospective cohort study like the NOWAC Study,
and proceed with the same PA questionnaire for future
follow-up. However, one should consider an alternative
PA questionnaire when it comes to quantifying PA level in
different domains and types, as well as the duration, inten-
sity and frequency that make up the total volume of PA
and help to understand the mechanisms of PA and its
relation to different diseases. As for the continued use of
the NOPAQ in the NOWAC Study, results from our pre-
sent report are encouraging and demonstrate the criter-
ion-related validity of the measure used to define PA level
in this population.

Conclusions

In summary, the NOPAQ was found to be valid, with
modest correlations compared with criterion measures,
making this self-report instrument suitable to differenti-
ate general PA levels in an adult female population in
Norway.

Additional material

Additional file 1: The Norwegian Women and Cancer Study
questionnaire on physical activity (NOPAQ).
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