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ABSTRACT: Quantification of daily physical activity is of clinical interest in chronic obstructive

pulmonary disease (COPD). Objective measures using activity monitors may take several days to

obtain reliable results. The aim of our study was to evaluate the Stanford Seven-Day Physical

Activity Recall questionnaire (PAR) against the SenseWear armband (SWA) and compare its

validity with three other physical activity questionnaires.

43 COPD patients wore the SWA for 7 days. Patients completed the PAR, Baecke, Physical

Activity Scale for the Elderly (PASE) and Zutphen questionnaires. Spearman rank correlation,

intraclass correlation coefficients (ICC) and receiver-operating characteristics (ROC) curves were

used to assess the relationship between the questionnaires and SWA.

Assessed by PAR, time spent at o3.0 metabolic equivalents (METs) correlated significantly

(r50.54, p,0.001) with equivalent measures from SWA, with an ICC of 0.40. No relationship was

seen between the other questionnaires and the SWA. The PAR predicted active patients (o30 min

at o3.0 METs or a physical activity level (PAL) o1.55) and very inactive patients (PAL ,1.40) with

an area under ROC curve of 0.83, 0.77 and 0.70, respectively.

While the PAR did not measure physical activity sufficiently accurately to make individual

recommendations, it was able to identify COPD patients at extremes of the physical activity

spectrum, potentially reducing the number of patients requiring direct measurement.

KEYWORDS: Activity monitors, chronic obstructive pulmonary disease, physical activity,

questionnaires

P
hysical inactivity is a leading cause of
mortality in the western world [1]. Chro-
nic obstructive pulmonary disease (COPD)

is characterised by breathlessness and limited
functional capacity. Patients often have signifi-
cantly reduced daily physical activity levels
compared with age-matched controls [2], even at
early stages of the disease [3]. Physical activity is
of prognostic significance in COPD [4]. Patients
who perform some level of physical activity have
lower risk of hospital admission and mortality [5],
whilst those who remain inactive after a severe
exacerbation have a greater risk of hospital re-
admission [6]. In a prospective study, moderate-
to-high levels of regular physical activity were
associated with reduced lung function decline and
COPD risk among smokers [7]. Hence, increasing
daily physical activity in COPD patients and
smokers is a worthwhile therapeutic aim.

Although direct observation, double-labelled water
and calorimetry are considered the gold standard

for assessing physical activity, they are too time
consuming and expensive to be used in large
population studies [8]. Activity monitors, such as
accelerometers, can measure intensity and quan-
tity of physical activity in an objective way, and
have been shown to detect physical activity more
accurately in sedentary populations than ped-
ometers or subjective measures. Unfortunately,
they are relatively expensive and need to be worn
for several days to obtain meaningful data [9].
Furthermore, compliance with accelerometers in
some studies has been poor [10].

Activity questionnaires are commonly used for
physical activity assessment. The methodology is
cheap allowing application to large populations.
However, disadvantages include the potential for
overestimating or underestimating the amount
of physical activity performed [8], meaning cau-
tion should be exercised when questionnaires are
used to estimate physical activity on an indivi-
dual basis [11]. Despite their widespread use, no
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physical activity questionnaire has been validated in patients
with COPD [9].

Few studies have used objective and subjective measures of
physical activity concurrently in patients with COPD. STEELE

et al. [12] demonstrated no relationship between output from
the Tritrac triaxial accelerometer and the Modified Activity
Recall Questionnaire. MOY et al. [13] showed that an activity
checklist correlated with measured steps per day, but had
accurate data from only 10 of the 17 patients studied, ques-
tioning the validity of these results. Finally, one study demon-
strated that time spent in different activities measured by a
diary correlated significantly with step count from the Yamax
digiwalker pedometer [14]. However, the diary took the same
time to collect data as the inexpensive pedometer limiting its
usefulness.

The Stanford Seven-Day Physical Activity Recall questionnaire
(PAR) is interviewer led and is widely used in epidemiological
studies [15]. This questionnaire has not previously been
validated in COPD patients, although a comprehensive review
did identify its potential [9]. The aim of our study was to com-
pare four physical activity questionnaires (the PAR; BAECKE
[16]; Physical Activity Scale for the Elderly (PASE) [17]; and
Zutphen Physical Activity questionnaire (ZPAC) [18]), against
a validated activity monitor, the SenseWear Armband (SWA),
in a cohort of well-characterised patients with COPD. The
SWA is a biaxial accelerometer and motion sensor that has
previously been used in large cohorts of COPD patients [3, 19]
and validated against indirect calorimetry [20, 21]. We
hypothesised that the PAR would correlate better with output
from the SWA than the other questionnaires. We further
hypothesised that the PAR could be a useful stratification tool
in predicting active and very inactive COPD patients.

METHODS
Subjects
45 patients with COPD were recruited from respiratory clinics
at Harefield Hospital, London, UK. All patients except two
had completed an 8-week outpatient pulmonary rehabilitation
programme within the last 12 months. Participants were ex-
cluded if they had a diagnosis of heart, renal or liver failure,
a metabolic disorder or had experienced an exacerbation in
the previous 4 weeks. The study was approved by the local
research ethics committee. All patients gave informed written
consent.

Measurements
The study consisted of two visits, 1 week apart. At the first
visit, participants underwent the following measurements:
spirometry; height, weight, body mass index (BMI); 6-min
walk test (6MWT) [22]; health status using the St George’s
Respiratory Questionnaire (SGRQ) [23]; Medical Research
Council (MRC) dyspnoea scale [24]; and calculated BODE
(body mass index (B), the degree of airflow obstruction (O) and
dyspnoea (D), and exercise capacity (E)) index [25]. Following
assessments, patients wore the SWA over the triceps muscle of
their right arm for 7 days until the next visit, as previously
described [3]. At visit 2, the participants completed the
interviewer-led PAR questionnaire with updated protocol (see
online supplementary material) [26], and three self-complete
questionnaires (PASE [27], BAECKE [28] and ZPAC [29]). Both

patients and interviewer were blinded to the output of the SWA
at the time of completion and analysis of the PAR.

Indices of physical activity
Participants wore the SWA 24 h a day except when performing
any tasks that might put the armband at risk of getting wet.
When ,22.5 h of armband use were recorded during the day,
data was excluded from analysis as described by WATZ et al.
[3]. Physical activity indices recorded from the SWA wereas
follows. Total energy expenditure (TEE, total number of
calories used per day); physical activity level (PAL, defined
as total energy expenditure per minute divided by sleep
energy expenditure per minute) as previously described [19];
and time spent in at least moderate physical activity (time
o3 metabolic equivalents (METs), defined as number of
minutes per day in activity o3 METs). Although the SWA
also records step counts, this outcome was not used for
analysis as it underestimates true step counts at low walking
speeds [20].

The PAR allowed calculation of total energy expenditure and
time spent in moderate (mean METs), hard (mean 6 METs) and
very hard physical activity (mean 10 METs). From this, time
spent in at least moderate activity (o3 METs) was calculated.

The PASE and BAECKE questionnaires produce a physical
activity score without specific units. The outputs from the
ZPAC are energy expenditure in physical activity, and time
spent in light, moderate and heavy physical activity. Unlike the
SWA, moderate activity is defined by ZPAC as o2 METs [26].
Therefore, when comparing data output from the SWA and
ZPAC the definition of time spent in moderate activity
produced by the SWA was changed using the ‘‘professional’’
software module to time spent o2 METs [26].

Data analysis
Statistical analysis was undertaken using SPSS software
version 18 (SPSS Inc., Chicago, IL, USA). For a significant
Pearson correlation between questionnaire and SWA at the
0.05 level, a power of 90% and a large effect size (r50.5), a
minimum of 38 patients was needed. Assuming a study
dropout rate of 15%, 45 patients were recruited. Spearman
Rank correlation was actually performed to assess the relation-
ship between questionnaires’ output and SWA physical
activity indices as data was not normally distributed. When
comparing time spent in moderate physical activity between
SWA and the PAR and ZPAC questionnaires, Bland–Altman
plots were constructed and intraclass correlation coefficients
(ICC) were calculated. ICC results were interpreted using
recommendations by FLEISS [30], which define ICC at ,0.40 as
poor–fair, 0.40–0.74 as fair–good and o0.75 as excellent.
Receiver operator characteristics (ROC) curves and area under
curve (AUC) were used to assess the ability of the ques-
tionnaires to predict ‘‘active’’ and ‘‘very inactive’’ patients with
COPD. ‘‘Active’’ was defined in two ways: 1) spending at least
30 min in at least moderate physical activity (o3 METs) as per
current recommendations [31]; and 2) achieving a PAL o1.55,
the mean baseline PAL of a cohort of COPD patients alive after
4 yrs of follow-up [4]. ‘‘Very inactive’’ was conventionally
defined as a SWA-derived PAL ,1.4 as previously described [3,
4, 32]. A binary logistic regression model was used to assess
whether the PAR time o3 METs offered additional information
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over 6MWT in predicting active patients with COPD. Percen-
tage of variance explained by the model was estimated using
the Nagelkerke R2 statistic. For the two factors, b-coefficients,
Wald statistics, Wald statistic significance levels and odds ratios
were obtained.

RESULTS
Two of the 45 patients recruited failed to complete the study
(one developed severe headaches requiring hospital admission
and the other withdrew because of discomfort from wearing
the SWA). Baseline characteristics of the remaining partici-
pants are outlined in table 1.

SWA monitor data
Mean daily usage was 23 h and 31 min. Median (interquar-
tile range) TEE, PAL and time o3 METs were 1,910 (1707–
2208) kcal?day-1, 1.41 (1.33–1.64) and 37 (25–72) min?day-1,
respectively.

Physical activity questionnaires
The data generated by the questionnaires are summarised in
table 2.

Relationship between physical activity questionnaires and
SWA
TEE derived by PAR correlated significantly with TEE measured
by SWA (r50.83, p,0.001). Bias was 410 with 95% limits of
agreements from -262 to 1,082. PAR-derived time o3 METs
correlated significantly with SWA-derived time o3 METs
(r50.54, p,0.001) and with SWA-derived PAL (r50.46,
p50.002) (fig. 1a and b). ICC for time o3 METs between PAR
and SWA was 0.40. Bias for time o3 METs was 0.89 with 95%
limits of agreements were from -112.9 to 114.7 (fig. 2a).

No significant association was seen between PASE score,
BAECKE score or ZPAC physical activity energy expenditure
with TEE or PAL derived from SWA (fig. 1c–e). The PASE
score, BAECKE score and ZPAC time at o2 METs did not
correlate significantly with time in moderate activity derived

by the SWA (fig. 1f). The ICC for the ZPAC and SWA time at
o2 METs was 0.37.

ROC and logisitic regression
The ROC curve for PAR predicting patients with COPD
achieving at least 30 min of moderate activity recorded by the
SWA is shown in figure 3a. A PAR time spent in physical
activity (o3 METs) of o30 min had a sensitivity and speci-
ficity of 0.79 and 0.80, respectively, and an AUC of 0.83. With
PAR time set at o33 min, AUC was 0.84 with a sensitivity of
0.79 and a specificity of 0.93. PASE, BAECKE and ZPAC had
AUCs of 0.63, 0.64 and 0.57, respectively. A 6MWT .330 m
had an AUC of 0.72 with a sensitivity of 0.66 and a specificity
of 0.64 (fig. 3a).

The ROC curve for PAR predicting a PAL o1.55 is shown in
figure 3b. A PAR time spent in o3 METs of .35 min had an
AUC of 0.77, a sensitivity of 0.85 and a specificity of 0.63.
PASE, BAECKE and ZPAC had AUCs of 0.64, 0.64 and 0.66,
respectively. A 6MWT of .330 m had an AUC of 0.64, with a
sensitivity of 0.69 and specificity of 0.53 (fig. 3b).

A PAR calculated time spent in o3 METs of ,33 min had an
AUC of 0.70 in predicting ‘‘very inactive’’ patients (PAL ,1.4)
with a sensitivity of 0.73 and a specificity of 0.76 (fig. 3c).
PASE, BAECKE and ZPAC had AUCs of 0.60, 0.55 and 0.49,
respectively. A 6MWT of ,330 m had an AUC of 0.60 in
predicting very inactive patients with a sensitivity of 0.59 and a
specificity of 0.61 (fig. 3c).

The PAR measured time spent in moderate physical activity
(Wald Chi-squared test 5.194, p,0.05) was significant in
predicting patients achieving o30 min of moderate activity
measured by the SWA, with an odds ratio of 1.051 (95% CI
1.007–1.097). This is in contrast to the 6MWT (Wald Chi-
squared teat 2.744, p.0.05), which was not significantly able to
predict active patients with an odds ratio of 1.008 (95% CI
0.999–1.018). The Nagelkerke R2 for the model was 0.47,
suggesting that 47% of the variance was accounted for.
Sensitivity for the model was 0.90 and specificity was 0.71.
Percentage correct classification was 83.7%.

DISCUSSION
This is the first study to simultaneously assess the validity of
four physical activity questionnaires in COPD patients. Data
from three of the four questionnaires bore no relationship to

TABLE 1 Patient demographics

Sex M//F n 18/25

Age yrs 68¡9

FEV1 L?min-1 1.12¡0.52

FEV1 % pred 46¡22

BMI kg?m-2 25.9¡5.6

Smoking history pack-yrs 37 (7–67)

6MWT m 341¡103

MRC dyspnoea scale 3 (2–4)

BODE score 4 (2–7)

St George’s Respiratory Questionnaire 48.5¡21.9

Data are presented as mean¡ SD or median (interquartile range), unless

otherwise stated. M: male; F: female; FEV1: forced expiratroy volume in 1 s; %

pred: % predicted; BMI: body mass index; 6MWT: 6-min walk test; MRC:

Medical Research Council; BODE: body mass index, degree of airflow

obstruction and dyspnoea, and exercise capacity.

TABLE 2 Data generated by the questionnaires

Stanford 7-day Physical Activity Recall questionnaire

Total daily energy expenditure kcal?day-1 2228 (1885–2897)

Time in at least moderate activity min?day-1 36 (15–69)

Physical Activity Scale for the Elderly

Score 122 (70–156)

Modified Baecke Physical Activity questionnaire

Score 1.70 (1.35–3.86)

Zutphen Physical Activity questionnaire

Physical activity energy expenditure kcal?day-1 574 (159–855)

Time in at least moderate activity (o2.0 METs) min?day-1 120 (26–210)

Data are presented as median (interquartile range). METs: metabolic equivalents.
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any activity index measured using a validated activity moni-
tor. In contrast, data from the PAR questionnaire correlated
significantly with equivalent indices of physical activity, al-
though the ICC for PAR and SWA was at best fair. Further-
more, the PAR had reasonable predictive power in identifying

active and very inactive COPD patients. Taken together, these
results suggest that while the PAR may not be suitable for
assessing physical activity on an individual level it may be a
potentially useful tool for immediate stratification of COPD
patients according to activity levels.
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FIGURE 1. Spearman rank correlations between a) the Stanford 7-day Physical Activity Recall questionnaire (PAR) and SenseWear armband (SWA) time in o3 metabolic
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Critique of the method
In this study, we used data from the SWA as the criterion
method to compare questionnaires. Although the traditional
gold standard measurements of physical activity include direct
observation, double-labelled water and calorimetry, these
techniques are not possible in large numbers of patients due
to expense, impracticality and patient tolerability. HILL et al.
[21] demonstrated that energy expenditure measured by SWA
was sensitive to small but important changes, had good re-
peatability and agreed well with energy expenditure measured
by indirect calorimetry. LANGER et al. [20] also demonstrated
good agreement between SWA and indirect calorimetry in
measuring energy expenditure and time spent in at least mo-
derate physical activity (o3 METs). Our cohort was sedentary
with a median physical activity level of 1.41. They spent a
median of 37 min per day in at least moderate physical
activity. Mean daily use of SWA was .23 h. To date, these

results are comparable with the data from the largest cohort of
COPD patients using the SWA [3, 19].

This study has the usual limitations of cross-sectional studies.
First, our cohort had moderate–severe disease (mean forced
expiratroy volume in 1 s was 46% predicted), so the results
may not be applicable to the general COPD population; indeed
limits of agreement widened as function improved. Secondly,
our patients were in the stable state and, hence, our study
cannot shed light on what might happen during recognised
triggers of physical inactivity, such as acute exacerbations.
Thirdly, as mentioned previously, our study did not assess the
reliability or responsiveness to change of the questionnaires.

PAR questionnaire
The PAR is a semi-structured interview that was originally
developed in the early 1980s [15] and has since been widely
used in clinical studies. To our knowledge, the PAR has been
used once in a small study of patients with COPD [33]. There
has been no previous attempt to validate the PAR in COPD
patients, but data from other populations support its validity.
In a validation study of five questionnaires against a uniaxial
accelerometer, the PAR had the best correlation coefficient
[34]. Furthermore, in a validation study of 10 questionnaires
completed by healthy elderly males, the PAR correlated
significantly with total energy expenditure measured by
double-labelled water and compared favourably with the
other questionnaires [35].

We found a significant (although relatively modest) correlation
between output from the PAR and equivalent measures from
the SWA in our COPD cohort. This is in contrast to the other
three questionnaires evaluated. This may reflect the interview-
led, semi-structured nature of the PAR in comparison with the
other questionnaires, which were self-completed and unsu-
pervised. The PAR adheres to the cognitive model of question
response. The comprehension and decision making stages are
aided by the use of unambiguous questions with clearly defined
time scales and activity levels. Guided memory techniques are
used to minimise recall error [36].
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In clinical trial design, the sample size (and costs) can be
reduced if the outcome measure occurs frequently in the study
population. Since physical inactivity is associated with
mortality [4], then a therapeutic trial that used mortality as
an outcome could be performed more efficiently if the
participants were restricted to those who were physically
inactive. In the current study, the PAR had a reasonably good
sensitivity and specificity in predicting both active and very
inactive COPD patients. This suggests that it may have a
potential role in stratifying COPD patients for clinical trials,
either directly or as a screen prior to objective measurement.
As a stratification tool, the PAR has some advantages over
more objective measures of physical activity. First, it is cheap
in comparison to most accelerometers used in COPD studies
[9]. Although we did not make a formal economic evaluation,
apart from the cost of the SWA itself, other associated costs
include a personal computer and the necessary software, as
well as investigator time required to measure basic anthropo-
metric measurements, input patient details into the SWA and
calculate the PAL (which is not automated by the current
software). Secondly, it is a quick method of assessment. The
PAR was generally completed within 15 min in our cohort.
This is in comparison with a minimum of five consecutive days
of measurement required for the SWA [3]. Thirdly, calculation
of the data did not require any expensive software, as is the
case with some activity monitors [9]. Finally, there was a 100%
completion rate of the PAR. Although the SWA was very well
tolerated in this and previous studies [3], patient compliance
and technical issues have been noted with some activity
monitors [10, 13].

Some argue that functional measures, such as 6MWT, may
predict physical activity with similar accuracy to physical
activity questionnaires, such as the PAR. In our study cohort,
the PAR had a better combined sensitivity and specificity, and a
higher AUC than 6MWT. Furthermore, the model describing a
combination of 6MWT and PAR suggested that only the PAR
was an independent predictor of active patients, lending support
to the hypothesis that indirect measures of physical activity are
epiphenomenon. They can also provide no information on the
intensity or domain of physical activity the patient performed.

Conclusions
In summary, the estimation of physical activity by the PAR
correlates with data from a validated activity monitor in COPD
patients, and had a reasonably good sensitivity and specificity
in identifying active and very inactive COPD patients. The
PAR, although unlikely to be able to measure PA usefully on
an individual basis, may be a useful tool to stratify COPD
patients according to their level of physical activity.
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