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Abstract

Objective: To examine the reliability and convergent validity of physical activity
(PA) and inactivity estimates obtained with the past-week Modifiable Activity
Questionnaire (PWMAQ).
Design: The PWMAQ, an interviewer-administered questionnaire, was adminis-
tered twice, one week apart, during visits 3 and 4 of six total visits. Intra-class
correlation coefficients (ICC) between administrations of the PWMAQ were used
to assess the reliability of summary estimates. Spearman rank-order correlation
coefficients (r) were used to examine the associations of PWMAQ summary
estimates with temporally matched and averaged accelerometer data in all
participants and then stratified by whether the data were reflective of usual PA.
Setting: Data were obtained from the Evaluation of Physical Activity Measures in
Middle-Aged Women (PAW) study.
Subjects: Sixty-six women, mean age 52?6 (SD 5?4) years.
Results: The reliability of the PWMAQ physical inactivity estimate suggested
substantial agreement over one week (ICC 5 0?77, 95 % CI 0?57, 0?82; P , 0?0001).
With the exception of light-intensity PA, the PWMAQ leisure PA estimate was
significantly associated with averaged accelerometer data (r 5 0?33–0?76;
P , 0?05). For both temporally matched and averaged accelerometer data, cor-
relation coefficients were higher between the PWMAQ estimate and moderate-
walk- to vigorous-intensity PA in those who indicated that reported activity was
reflective of usual PA; however, the association with moderate-lifestyle-intensity
PA was higher in those reporting that data were not reflective.
Conclusions: The PWMAQ is a reliable and valid measure of leisure PA levels in
middle-aged women and supports subsequent studies evaluating this questionnaire
in other population subgroups.
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For decades, researchers have been interested in detecting

and quantifying physical activity-related energy expendi-

ture in order to examine the relationship between physical

activity and health-related outcomes. If researchers are

interested in measuring movement, rather than physical

activity behaviour, then objective activity monitors (i.e.

accelerometers) are optimal. However, objective measures

may not be appropriate for all research applications due to

the lack of contextual information (i.e. activity type) that

they provide. Thus, subjective measures are still needed

to estimate participants’ physical activity levels in settings

where objective methods may not provide meaningful

information to appropriately address study objectives.

Self-report measures of physical activity have their own

set of limitations, however, that can undermine the pre-

cision of the derived estimate (e.g. recall bias, language

and educational barriers). Further, the overall quality of

many commonly used physical activity questionnaires,

including the reproducibility and validity of computed

summary estimates (i.e. MET?h/week), is often not well

understood in middle-aged women. Furthermore, most

questionnaires used in epidemiological studies of middle-

aged women have not been evaluated against objective

measures of physical activity(1). Limited agreement between

a questionnaire and a direct measure of physical activity

may influence the interpretation of the findings in any
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situation where physical activity is used as an outcome,

exposure or confounding variable(2). The lack of accurate

physical activity measures used across studies could lead

to inconclusive associations between physical activity and

health-related outcomes of interest.

The Modifiable Activity Questionnaire (MAQ) was

originally developed by Kriska et al.(3) to assess physical

activity in American Indian populations and used one

form to assess historical leisure physical activity, current

(past-year and past-week) leisure and occupational

physical activity, and physical inactivity levels. The MAQ

was designed for easy modification of included activities

to maximize its use in a variety of populations(4). When

examining the psychometric properties of the past-week

component in Pima American Indians, correlation co-

efficients (r) ranged from 0?35 to 0?77(3). Kriska et al.(3)

also examined the validity of the past-week MAQ leisure

physical activity estimate against the Caltrac activity

monitor (average counts/h) with walking included and

excluded from the summary estimate, and showed

moderate to high validity (r50?80 and 0?62, respectively;

both P , 0?05).

Since the initial evaluation of the MAQ(3), the past-year

component of the MAQ has been widely used in epide-

miological studies(5–8), including the Woman On the

Move through Activity and Nutrition (WOMAN) study,

a clinical trial of early postmenopausal women(5,9–11).

However, physical activity questionnaires that utilize a

longer time frame may be limited by inaccurate partici-

pant recall(12) and poor temporal relationship between

one’s past-year physical activity and current physical

activity status(13). A stand-alone version of the past-week

MAQ (PWMAQ) was developed for the WOMAN study

to provide a supplemental measure of current leisure

physical activity levels intended to track adherence to

physical activity goals. The global reliability and validity

results of the PWMAQ leisure physical activity estimate

have been reported previously(1). The purpose of the

current study was to extend upon the earlier results to

evaluate the one-week test–retest reliability of the phy-

sical inactivity estimate and in addition give a comparison

of leisure physical activity estimates with accelerometer

data averaged over 5 weeks in middle-aged women.

The relationship between the PWMAQ leisure physical

activity estimate and bouts of moderate- to vigorous-

intensity physical activity (MVPA) and vigorous-intensity

physical activity, and the utility of an additional question

relating to whether reported activity was reflective of

usual physical activity levels, were also examined.

Experimental methods

The evaluation of the PWMAQ was conducted within the

larger Evaluation of Physical Activity Measures in Middle-

Aged Women (PAW) study. The PAW study was designed

to evaluate the psychometric properties of six physical

activity measures (i.e. five questionnaires and a walking-

based performance measure) used in epidemiological

studies of physical activity and health. The protocol used

in the PAW study has been reported previously(1,14). All

participants provided written informed consent, and the

study protocol was approved by the institutional review

board at Arizona State University. Participants completed

six consecutive weekly visits from August 2007 to May

2008, each lasting 30–60 min. Seventy-seven women were

screened, and sixty-six (85?7 %) enrolled into the study.

Among those who were not enrolled (n 11), reasons

included lack of time (n 9), family obligations (n 1)

and pre-existing health condition (n 1) that precluded

participation in the study.

Past-week Modifiable Activity Questionnaire

The PWMAQ is an interviewer-administered survey that

assesses leisure physical activities over the past 7 d (i.e.

week), time spent watching television (TV) and non-

occupational computer use, and extreme levels of inactivity

due to disability. The structure of the PWMAQ is similar to

the past-year version of the MAQ(3); however, the occupa-

tion and transportation sections are omitted because pre-

vious research has shown little variation in these physical

activity components among middle-aged women(11,15). The

PWMAQ includes information on thirty-eight leisure physical

activities common among this population subgroup. Leisure

physical activity levels were calculated as the product of

the duration and frequency of each activity (in h/week),

weighted by an estimate of the metabolic equivalent (MET)

of that activity(16) and summed for all activities performed.

Estimates for total leisure physical activity (all thirty-eight

activities) were computed and data are expressed as MET

hours per week (MET?h/week)(3).

In the PAW study, the PWMAQ was administered by

a trained interviewer. During the interview, a calendar

was placed near the participant so that she could use it to

refer back the actual days that made up the recall time

frame. This technique was incorporated to assist recall

and improve the precision of the computed estimates.

Participants were asked whether they had participated

in any of the thirty-eight leisure physical activities for

at least 10 min at a time during the previous 7 d. If the

participant responded in the affirmative, the interviewer

went through each day, one by one, and information

regarding the duration of the activity on each of the seven

days was queried. Since the PWMAQ utilizes a past-week

recall which may not reflect usual physical activity levels

due to acute changes in health status, seasonal variation

or other causes of short-term variability in physical

activity, a question was added to examine the degree to

which the summary estimates were influenced by these

issues. This question was phrased as: ‘Was this week

reflective of your usual physical activity levels?’ Following

survey administration, the interviewer checked a box that
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best reflected the months that the physical activity

data were collected (i.e. June to August, September to

November, December to February, or March to May). This

question was added to the PWMAQ so that summary

estimates could be adjusted for the possible influence

of seasonality. In the PAW study, the PWMAQ was

administered twice during weeks 3 and 4 of the 6-week

study and the test–retest reliability of the physical activity

and inactivity summary estimates were established over a

1-week interval.

Objective measures of physical activity

Objective physical activity data were collected using the

ActiGraph GT1M accelerometer (Pensacola, FL, USA).

The ActiGraph is a small (3?8 cm 3 3?7 cm 3 1?8 cm),

uniaxial piezoelectric accelerometer, typically worn at the

waist, which measures acceleration in the vertical plane.

Data output from the ActiGraph accelerometer are activity

counts, which quantify the amplitude and frequency of

detected accelerations. Activity counts are summed over a

user-specified time interval (i.e. epoch). In the current

study, an epoch of 1 min is reported. The sum of the

activity counts in a given epoch is related to activity

intensity and can be categorized based on validated

activity count cut-off points(17). Technical specifications,

as well as reliability and validity of the ActiGraph(17,18),

have been described previously.

Participants wore the ActiGraph (dominant hip) every

day during the 6-week study and were asked to record

the time at which they put on the monitor in the morning

and the time they took off the monitor at night in a

physical activity diary provided by study staff. At the end

of each week, the participant returned the physical

activity diary to study staff and was given another diary

to complete during the following week. Data from the

accelerometer were downloaded and processed weekly.

Data from the accelerometer were downloaded and

screened for wear time using methods consistent with

publicly available SAS code developed to process the

2003–2004 National Health and Nutrition Examination

Survey(19). Each day, a minimum of 10 h of wear time

was required for data to be considered for further use in

calculating accelerometer-determined variables. Average

total activity counts per day were calculated using sum-

med daily counts detected over wear periods as a mea-

sure of physical activity volume. Time (i.e. minutes) spent

in moderate- and vigorous-intensity physical activity was

estimated using Freedson et al.’s(20) cut-off points and

moderate-lifestyle-intensity activities were estimated

using cut-off points proposed by Matthews(17). Resulting

count ranges for activity of light (100–759 counts/min),

moderate-lifestyle (760–1951 counts/min), moderate-

walk (1952–5724 counts/min) and vigorous ($5725

counts/min) intensity were computed for each day with

$10 h of wear time. Two distinct MVPA categories were

computed: lifestyle-MVPA and walk-MVPA(1,17,20). Data

were also summarized using methods described by

Troiano et al.(2) as bouted physical activity and were

defined as ten or more consecutive minutes above a

relative cut-off point, with allowance for interruptions

of 1–2 min below a cut-off point (referred to as a ‘mod-

ified activity bout’). Mean times spent in lifestyle-MVPA,

walk-MVPA and vigorous-intensity modified activity

bouts were calculated. To examine the validity of the

TV watching/non-occupational computer use question,

categories of physical inactivity (,100 counts/min) and

the proportion of physical inactivity to total wear time

were also computed. Weekly summary accelerometer-

determined physical activity estimates were compiled

for all participants with at least four valid days of 10 h or

more of wear time.

Potential confounding factors

Age (years) and demographics including race/ethnicity,

educational attainment and health behaviour information

(i.e. smoking status) were collected using a standardized

questionnaire. Regarding anthropometric measures, height

(m) and weight (kg) were measured with a stadiometer and

calibrated balance beam scale, respectively, from which

BMI (kg/m2) was calculated.

Statistical methods

Univariate analyses were conducted on measured para-

meters including demographics, anthropometric mea-

sures, and physical activity and inactivity levels. All

variables were assessed for normality. Normally dis-

tributed variables are reported as mean and standard

deviation, non-normally distributed variables as median

with interquartile range (IQR), and proportions are noted

for categorical variables. The test–retest reliability of the

physical inactivity summary estimates was evaluated

using the intra-class correlation coefficient (ICC). The

strength of agreement for the ICC ranges were interpreted

as follows: ,0?00, poor; 0?00–0?20, slight; 0?21–0?40, fair;

0?41–0?60, moderate; 0?61–0?80, substantial; and 0?81–

1?00, almost perfect(21). Spearman rank-order correlation

coefficients were used to determine the association

between the total leisure physical activity estimate from

the first administration of the PWMAQ and accelerometer-

determined data. Partial correlations were used to further

explore whether the results warranted further adjustment

by age and BMI. All correlations between the physical

activity questionnaires and objective physical activity

measures were based on: (i) comparable reporting and

data collection intervals for data accumulated as modified

bouts; and (ii) accelerometer data averaged over the

duration of the study (i.e. 5 weeks) for all data to provide

a measure of usual activity. ICC were estimated using the

SPSS statistical software package version 15?0 (SPSS Inc.,

Chicago, IL, USA) and all remaining statistical analyses

were conducted using the SAS statistical software package

version 9?1 (SAS Institute, Cary, NC, USA).
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Results

Descriptive statistics

The mean age of participants was 52?6 (SD 5?4) years;

most were non-Hispanic white, college-educated and

non-smokers (Table 1). Median total leisure physical

activity levels obtained from the first and second admin-

istration of the PWMAQ were similar, 21?5 (IQR 8?6, 34?9)

and 22?4 (IQR 9?9, 36?3) MET?h/week, respectively(1).

Participants also reported the same amount of time spent

watching TV or non-occupational computer use on each

administration of the survey, i.e. median 2?0 (IQR 1?0,

3?0) h/week. During the first administration of the survey,

54?6 % of study participants indicated that their reported

physical activity was reflective of usual physical activity

participation; 67?7 % responded in this manner during the

second administration. Regarding questions that pertain

to extreme levels of inactivity due to disability, 3?0 % of

PAW study participants reported being confined to a bed

or chair as a result of injury, illness or surgery on at least

one of 7 d during week 3; 6?2 % reported at least one day

of bed or chair rest during week 4. Only one participant

(1?5 %) reported difficulty getting into or out of a bed or

chair during the first administration of the survey.

In the current report, descriptive accelerometer data

are presented two ways: every minute above a specified

cut-off point (i.e. temporally matched) and accumulated

in modified activity bouts lasting at least 8 min in duration

(i.e. temporally matched and averaged over 5 weeks)

(Table 2). Averaged accelerometer data presented as

every minute within ActiGraph cut-off points have been

reported previously(1). Based on these data, PAW study

participants were active, but on average did not meet

the 2008 Physical Activity Guidelines for Americans,

which recommend at least 150 min of moderate-intensity

physical activity per week(22).

Reliability

The reproducibility of the total leisure physical activity

estimate from the PWMAQ has been reported before(1).

The test–retest reliability of the TV watching/non-

occupational computer use question was ICC 5 0?77 (95%

CI 0?57, 0?82; P , 0?0001), which suggests substantial

reproducibility.

Validity

The relationship between the total leisure physical activity

estimate from the first administration of the PWMAQ and

temporally matched accelerometer data that included

every minute within intensity cut-off point thresholds has

been previously reported(1). The PWMAQ leisure physical

activity estimate was significantly related to average

accelerometer counts per minute per day (counts/min per

d) and time spent per day (min/d) in moderate-lifestyle-,

moderate-walk- and vigorous-intensity physical activity

(all P , 0?05; Table 3). The total leisure physical activity

estimate from the PWMAQ was also significantly related

to time spent (min/d) in lifestyle- and walk-MVPA (both

P , 0?0001), as well as bouts of lifestyle- and walk-MVPA

and vigorous-intensity physical activity (all P , 0?001).

In general, when compared with temporarily matched

accelerometer data, averaged accelerometer data elicited

Table 1 Descriptive characteristics of study participants: the Evaluation of Physical Activity Measures in Middle-Aged Women (PAW) study

Visit 1

n Mean or % SD

Age (years) 66 52?6 5?4
BMI (kg/m2) 66 26?8 5?1
White (%) 66 81?8 –
$4-Year college degree (%) 66 51?5 –
Current smoker (%) 66 9?1 –

Visit 3 Visit 4

Past-week Modifiable Activity Questionnaire n Median or % IQR n Median or % IQR

Inactivity
TV watching/non-occupational computer use (h/week) 66 2?0 1?0, 3?0 65 2?0 1?0, 3?0
Reported data reflective of usual leisure PA? (% yes) 66 54?6 – 65 67?7 –
Confined to a bed or chair as a result of injury, illness

or surgery? (% yes)
66 3?0 – 65 6?2 –

Difficulty getting into or out of a bed or chair? (% yes) 66 1?5 – 65 0?0 –
Difficulty walking across a small room without resting? (% yes) 66 0?0 – 65 0?0 –
Difficulty walking for 10 min without resting? (% yes) 66 0?0 – 65 0?0 –

Season of data collection 66 65
June–August (%) 1?5 – 0?0 –
September–November (%) 39?4 – 35?4 –
December–February (%) 31?8 – 29?2 –
March–May (%) 27?3 – 35?4 –

TV, television; PA, physical activity; IQR, interquartile range.
Normally distributed variables are reported as mean and standard deviation; non-normally distributed variables are reported as median and interquartile range;
proportions are noted for categorical variables.
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higher correlations with the PWMAQ. When the correla-

tions were adjusted for age and BMI, the findings were

similar (Table 3). Reported time spent watching TV/non-

occupational computer use was not significantly related

to time-matched (r: 20?21 to 0?08 (moderate-walk- and

light-intensity physical activity, respectively); all P . 0?05)

or averaged accelerometer-determined estimates of phy-

sical inactivity or activity (r: 20?13 to 0?10 (walk-MVPA

and light-intensity physical activity, respectively); all

P . 0?05). Additional adjustment for age and BMI did not

elicit strikingly different findings.

Total leisure physical activity was significantly related

to time spent in moderate-walk- and vigorous-intensity

physical activity regardless of whether reported data were

indicative of usual physical activity levels; however, the

relationship with vigorous-intensity activity was statisti-

cally significant only in those who indicated that reported

activity was reflective of usual physical activity levels

(r: 0?53 v. 0.18 and 0?45 v. 0.18 for temporally matched

and averaged accelerometer data, respectively; Table 4).

In contrast, the relationship between the PWMAQ phy-

sical activity estimate and moderate-lifestyle-intensity

activity was higher in those reporting that the reported

data were not reflective of their usual physical activity

levels (r: 0?02 v. 0?47 and 0?14 v. 0.?3 for temporally

matched and averaged accelerometer data, respectively).

Table 2 Accelerometer-determined data during weeks 2–3 and averaged over 5 weeks in study participants (n 64): the Evaluation of
Physical Activity Measures in Middle-Aged Women (PAW) study

Time-matched 5-Week average

Median or mean SD or IQR Median or mean SD or IQR

Every minute within ActiGraph cut-off points
Average wear time (min/d) 870?6 810?8, 912?2 864?8 823?2, 909?8
Average counts (countst/min per d) 305?2 219?9, 385?5 297?5-

-

235?2, 358?7
Physical inactivity (0–99 counts) (min/d) 538?7 73?8 538?3 63?0
Physical inactivity/average wear time- 0?62 0?07 0?63 0?07
Light-intensity PA (100–759 counts) (min/d) 214?1 194?3, 257?4 217?6-

-

187?9, 256?9
Moderate-lifestyle-intensity PA (760–1951 counts) (min/d) 66?3 49?8, 81?7 66?0-

-

51?2, 81?3
Moderate-walk-intensity PA (1952–5724 counts) (min/d) 25?1 13?5, 38?6 23?1-

-

14?1, 34?6
Vigorous-intensity PA ($5725 counts) (min/d) 0?1 0?0, 3?5 0?4-

-

0?0, 2?3
Moderate-lifestyle- to vigorous-intensity PA ($760 counts) (min/d) 96?7 70?3, 118?0 100?3-

-

74?4, 113?9
Moderate-walk- to vigorous-intensity PA ($952 counts) (min/d) 26?1 14?2, 43?7 24?3-

-

15?9, 41?6
Modified activity bouts

Moderate-lifestyle- to vigorous-intensity PA ($760 counts) (min/d) 32?7 16?6, 58?3 33?6 18?2, 54?6
Moderate-walk- to vigorous-intensity PA ($1952 counts) (min/d) 13?3 3?8, 23?7 11?3 5?2, 19?2
Vigorous-intensity PA ($5725 counts) (min/d) 0?0 0?0, 1?9 0?0 0?0, 2?0

IQR, interquartile range; PA, physical activity.
Data are reported as median and interquartile range or mean and standard deviation.
-Calculated as physical inactivity (min/d) divided by average wear time (min/d).
-

-

Results published previously in Pettee Gabriel et al.(1).

Table 3 Spearman rank-order correlation coefficients between the first administration of the past-week Modifiable Activity Questionnaire
(PWMAQ) and accelerometer-determined data (time-matched to fit the recall time frame and 5-week average) in the study participants
(n 64): the Evaluation of Physical Activity Measures in Middle-Aged Women (PAW) study

PWMAQ leisure PA (MET?h/week)

Unadjusted Adjusted for age and BMI

Time-
matched

5-Week
average

Time-
matched

5-Week
average

Every minute within ActiGraph cut-off points
Average counts (counts/min per d) 0?56****- 0?69**** 0?49***- 0?63****
Light-intensity PA (100–759 counts) (min/d) 0?06- 0?15 0?002- 0?16
Moderate-lifestyle-intensity PA (760–1951 counts) (min/d) 0?25*- 0?33** 0?25- 0?37**
Moderate-walk-intensity PA (1952–5724 counts) (min/d) 0?58****- 0?66**** 0?52****- 0?61****
Vigorous-intensity PA ($5725 counts) (min/d) 0?44***- 0?46**** 0?42**- 0?36**
Moderate-lifestyle- to vigorous-intensity PA ($760 counts) (min/d) 0?52****- 0?67**** 0?54****- 0?64****
Moderate-walk- to vigorous-intensity PA ($1952 counts) (min/d) 0?60****- 0?66**** 0?48***- 0?60****

Modified activity bouts
Moderate-lifestyle- to vigorous-intensity PA ($760 counts) (min/d) 0?72**** 0?76**** 0?67**** 0?73****
Moderate-walk- to vigorous-intensity PA ($1952 counts) (min/d) 0?59**** 0?69**** 0?53**** 0?63****
Vigorous-intensity PA ($5725 counts) (min/d) 0?43*** 0?41*** 0?38** 0?35**

PA, physical activity; MET, metabolic equivalent.
Correlation was statistically significant: *P , 0?05, **P , 0?01, ***P , 0?001, ****P , 0?0001.
-Results published previously in Pettee Gabriel et al.(1).
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The stratified results also suggest that estimated total leisure

physical activity was significantly related to lifestyle- and

walk-MVPA; regardless of whether accelerometer data were

computed to include every minute above a cut-off point

or in modified activity bouts (all P , 0?05). However,

correlations with walk-MVPA were higher in women who

reported that their physical activity was reflective of usual

behaviour. Similar results were obtained when correlations

were further adjusted for age and BMI.

Discussion

In the current investigation the test–retest reliability of

the physical inactivity estimate and validity of the leisure

physical activity and inactivity estimates computed from the

PWMAQ were examined. Findings suggest that although

the physical inactivity estimates were reliable, only leisure

physical activity was significantly related to accelerometer-

determined data. However, when interpreting these results

it is important to note that the PWMAQ queries active and

sedentary leisure activities only, whereas the accelerometer

records activity counts that are accumulated throughout

the entire day. This is a potential source of error in most

validation studies that include activity monitors as the

criterion measure for comparison. That being said, this

may have contributed to the non-significant association that

was observed between the TV watching/non-occupational

computer use question and accelerometer-derived data and

is suggestive of the inability of the accelerometer to differ-

entiate alternative forms of sedentary behaviour from TV

watching or computer use. Further, the lack of association

could have also been the result of the low number of

reported hours that were spent participating in these

sedentary activities or the limited variability of the PWMAQ

physical inactivity estimate across PAW study participants,

which may be suggestive of social desirability bias.

As previously reported(1), the PWMAQ total leisure

physical activity estimate was significantly related to tem-

porally matched raw (i.e. total counts per day) and derived

moderate- to vigorous-intensity accelerometer-determined

physical activity. The current study expands upon these

findings by presenting additional comparisons with MVPA

and vigorous-intensity activity accumulated as modified

Table 4 Unadjusted and adjusted Spearman rank-order correlation coefficients- between the first administration of the past-week Mod-
ifiable Activity Questionnaire (PWMAQ) and accelerometer-determined data, stratified by participants reporting that the week recalled was
reflective or not reflective of usual physical activity levels: the Evaluation of Physical Activity Measures in Middle-Aged Women (PAW) study

PWMAQ leisure PA (MET?h/week)

Time-matched 5-Week average

Not reflective Reflective Not reflective Reflective
(n 29) (n 35) (n 29) (n 35)

UNADJUSTED
Every minute within ActiGraph cut-off points

Average counts (counts/min per d) 0?48** 0?65**** 0?58*** 0?66****
Light-intensity PA (100–759 counts) (min/d) 0?12 20?19 0?23 20?19
Moderate-lifestyle-intensity PA (760–1951 counts) (min/d) 0?47** 0?02 0?53** 0?14
Moderate-walk-intensity PA (1952–5724 counts) (min/d) 0?47** 0?68**** 0?51** 0?68****
Vigorous-intensity PA ($5724 counts) (min/d) 0?18 0?53*** 0?18 0?45**
Moderate-lifestyle- to vigorous-intensity PA ($760 counts) (min/d) 0?57*** 0?45** 0?65**** 0?54***
Moderate-walk- to vigorous-intensity PA ($1952 counts) (min/d) 0?47** 0?69**** 0?51** 0?68****

Modified activity bouts
Moderate-lifestyle- to vigorous-intensity PA ($760 counts) (min/d) 0?72**** 0?79**** 0?77**** 0?78****
Moderate-walk- to vigorous-intensity PA ($1952 counts) (min/d) 0?41* 0?71**** 0?39* 0?70****
Vigorous-intensity PA ($5725 counts) (min/d) 0?18* 0?51** 0?21 0?44**

ADJUSTED-

-

Every minute within ActiGraph cut-off points
Average counts (counts/min per d) 0?43* 0?58*** 0?58*** 0?66****
Light-intensity PA (100–759 counts) (min/d) 0?04 20?16 0?23 20?19
Moderate-lifestyle-intensity PA (760–1951 counts) (min/d) 0?44* 0?08 0?53** 0?14
Moderate-walk-intensity PA (1952–5724 counts) (min/d) 0?42* 0?61*** 0?51** 0?68****
Vigorous-intensity PA ($5724 counts) (min/d) 0?19 0?44* 0?18 0?45**
Moderate-lifestyle- to vigorous-intensity PA ($760 counts) (min/d) 0?53** 0?41* 0?65**** 0?54***
Moderate-walk- to vigorous-intensity PA ($1952 counts) (min/d) 0?43* 0?62**** 0?51** 0?69****

Modified activity bouts
Moderate-lifestyle- to vigorous-intensity PA ($760 counts) (min/d) 0?69**** 0?74**** 0?77**** 0?68****
Moderate-walk- to vigorous-intensity PA ($1952 counts) (min/d) 0?38* 0?65**** 0?39* 0?70****
Vigorous-intensity PA ($5725 counts) (min/d) 0?20* 0?44* 0?21 0?44**

PA, physical activity; MET, metabolic equivalent.
Correlation was statistically significant: *P , 0?05, **P , 0?01, ***P , 0?001, ****P , 0?0001.
-Correlation coefficients were generated using Fisher’s Z transformation to account for difference in sample size between not reflective v. reflective of
usual activity.
-

-

Adjusted for age (years) and BMI (kg/m2).
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activity bouts. Further, differences in obtained correlation

coefficients between PWMAQ and temporally matched

and averaged accelerometer-derived estimates were eval-

uated. More specifically, in the current study significant

relationships were observed with accelerometer-derived

data regardless of whether the intensity-specific estimates

included every minute within a cut-off point threshold or

were accumulated as part of a modified activity bout.

However, correlations between the leisure physical activity

estimate and averaged accelerometer data were higher

than with data that fit the recall time frame of the ques-

tionnaire. This finding was particularly interesting given

the fact that a calendar was made available to the partici-

pants during the interview to enhance recall of physical

activity and inactivity and frequent reminders regarding the

specific dates for recall were provided by the interviewer

to assist recall. The higher correlations that were observed

with the accelerometer data averaged over the study

duration may support theories regarding the cognitive

processes by which individuals encode, store and retrieve

physical activity information from the autobiographical

memory(23,24).

After adjustment for age and BMI, the higher correla-

tions that were observed with averaged accelerometer

data, rather than temporally matched data, held true

for all intensity levels except for vigorous-intensity phy-

sical activity. One possible explanation for this finding

relates to the notion that individuals are most accurate

when reporting never participating in a particular beha-

viour(25,26). The low levels of vigorous-intensity physical

activity derived from the accelerometer suggest that par-

ticipation in the higher-intensity physical activities was

not common among PAW study participants. Although

72?7 % (n 48) of PAW study participants recorded some

vigorous-intensity physical activity minutes on the accel-

erometer, the median time spent in vigorous-intensity

activities was less than 2 min/week. Therefore, the task of

accurately recalling no participation in vigorous-intensity

activities via self-report may have been less cognitively

challenging for participants. Also, in general, individuals

are better able to provide accurate estimates of time spent

in vigorous-intensity physical activities because these

activities tend to be more structured in nature, occur less

frequently, and are often stored with contextual infor-

mation (e.g. locations, people or social occasions) that

can be used to aid recall. The improved accuracy with

self-report of higher-intensity physical activities within a

given time frame that was observed in the current report

supports previous research efforts in this area(25,27). More

studies are needed that focus on cognitive aspects of the

recall of physical activity.

In the current report, the correlations between the

leisure estimate from the PWMAQ and accumulated

minutes spent in moderate-lifestyle-intensity physical

activity were moderate to weak (adjusted r 5 0?25 and

0?37 for time-matched and averaged accelerometer data,

respectively). The PWMAQ consists of leisure activities

that require $3 MET, defined as moderate- and vigorous-

intensity physical activity. Therefore, the weak correlations

that were observed with light- and moderate-lifestyle-

intensity physical activity support the goal of the PWMAQ

to assess only moderate- and vigorous-intensity physical

activities and filter out participation in lower-intensity

activities. Further, during the interview participants were

asked to report activities that they participated in for at

least 10min at a time. The higher correlations that were

observed between the total leisure physical activity estimate

and accelerometer data that occurred as part of a modified

activity bout also support compliance to the instructions

given by the interviewer prior to survey administration.

The current study also expands upon the previous

evaluation study of the PWMAQ(1) by evaluating the

practicality and usefulness of an additional question

asking respondents to indicate whether the reported

physical activity data reflected usual behaviour. With the

exception of moderate-lifestyle-intensity physical activity,

the strength of the associations that were observed

between the leisure physical activity estimate and accel-

erometer-derived data was maximized among partici-

pants who stated that the data reported were reflective of

their usual physical activity levels and supports the utility

of this question. Again, given the associated MET value

and structured nature of the activities included in the

PWMAQ, this finding is not particularly surprising. In

practical application, we recommend that researchers use

this question to stratify the study population in order to

more closely evaluate to what extent issues of seasonality

or changes in health status impact the PWMAQ total

leisure physical activity estimate.

Several limitations need to be considered when inter-

preting the study results. It is possible that establishing

reliability over a relatively short interval may be influ-

enced by a learning effect. Further, PAW study partici-

pants were composed of a convenience sample of

healthy, highly educated, relatively active, non-Hispanic

white women, which may limit the generalizability of the

findings to a more diverse group of middle-aged women.

Finally, the use of an accelerometer to validate physical

activity questionnaires is limited in that waist-worn, uni-

axial accelerometers are less accurate when assessing

non-ambulatory (i.e. cycling, weight-lifting) and water

activities (i.e. swimming, water aerobics)(28).

The current study provides an in-depth evaluation of

the test–retest reliability and convergent validity of the

PWMAQ in healthy, middle-aged women. Physical inac-

tivity summary estimates from the PWMAQ were deemed

reliable over one week and the leisure physical activity

estimate was validated against a multitude of accelero-

meter summary scores. Further, results from the current

report support the use of a simple, one-item question

that examines whether self-reported physical activity was

reflective of usual activity. Given the increasing interest in
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examining the role of physical activity on mortality and

health outcomes in women, the present results support

the utility of the PWMAQ to provide a reliable and valid

estimate of leisure physical activity levels among middle-

aged women. Further, these results support future efforts

designed to evaluate this physical activity level in other

adult population subgroups.
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