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Abstract: Background: Physical activity (PA) is difficult to assess and few instruments are relevant to older people. We
have developed a self-administered PA questionnaire (HPAQ) for the Hertfordshire Cohort Study; we report its feasibility

and validity and describe PA participation in older people.

Methods: 525 participants completed the HPAQ; 15 women also completed the EPAQ-2 for validation. Activity participa-
tion was described using percentage participation, estimated energy expenditure and cluster analysis.

Results: Most participants found the HPAQ simple to complete. Agreement between the HPAQ and EPAQ-2 was good.
Activities with highest participation rates and energy expenditures were walking (99.6%, 149.8 MET.h/mth) for men and
home activities (100%, 287.1 MET.h/mth) for women. Clustering identified three patterns of activity participation for men
(“Keep Fit”, “Indoors” & “Less active”), and two for women (“Keep Fit” & “Indoors”).

Conclusions: The HPAQ is a feasible and valid PA questionnaire for older people. Clustering identified different patterns

of PA participation.
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INTRODUCTION

Physical activity may be defined as all forms of activity
resulting in body movement including cardio respiratory
fitness, physical fitness and exercise [1]. Maintaining regular
physical activity has many health benefits including mainte-
nance of muscle and bone strength, stamina and physical
performance; reduced risk of obesity, type 2 diabetes and
cardiovascular disease; and enhanced well being and quality
of life [2-9]. Many studies have demonstrated that these
benefits extend into later life when patterns of physical activ-
ity characteristically change [10, 11] and that an increased
level of physical activity is an important contributor to
healthy aging specifically in terms of maintaining good
physical performance and reducing the risk of ill health [4, 7,
12]. Assessing physical activity in older people is therefore a
priority.

The choice of methods for assessment of physical activ-
ity range from subjective questionnaire assessment to newer
objective monitoring of activities by specialist equipment
using monitors such as the Actiheart or Actigraph which
measure a number of parameters including activity, heart
rate, calories burned, limb movement and sleep levels. The
reduction in measurement error is the major advantage of
objective over subjective measures of physical activity but
they can be expensive, time consuming and require trained
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observers to implement, download and interpret data [13-
22]. This can limit their use in large population based studies
though they are used to validate subjective measures [14,
23]. Physical activity can also be assessed indirectly using
measures of cardiorespiratory fitness. However this requires
maximal performance which can be difficult to attain in
older people where multiple co-morbidity and impaired
physical function are more common.

Questionnaire assessment of physical activity has been
widely used in epidemiological research because it is feasi-
ble, acceptable and cost effective. However few question-
naires have been designed specifically for use in older co-
horts [24, 10, 13, 25-28]. The Baecke questionnaire [28] was
modified for use in elderly [27] and elderly retired people
[10], however it failed to include categories for home activi-
ties and the questions were not appropriate for studies which
included a combination of working, semi-retired and fully
retired older people.

Questionnaires tend to focus on specific categories of
physical activity such as occupational and recreational activ-
ity [28-30] but it has been suggested that questionnaires
should try and encompass all types of activity additionally
including domestic, travel, and resting “activity” [23, 31].
The Epic Norfolk physical activity questionnaire, version 2
(EPAQ-2) attempted to address these issues by incorporating
all aspects of activity, and could also be used with activity
compendia to convert the answers into energy expenditure
[32]. However, the authors acknowledged its limitations. The
questionnaire was found to have good reliability but poor
validity for home activities when assessed against objective
measures of energy expenditure [32, 33] a problem previ-
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ously reported with the use of physical activity question-
naires [34]. It has been suggested that the validity, but not
necessarily the reliability, could be improved, by shortening
the frame of reference to 4 weeks using a modified Recent
Physical Activity Questionnaire (RPAQ) [35].

The Minnesota leisure time physical activity question-
naire has been widely used and has been extensively vali-
dated in younger people [36-38]. It has been modified for
use in older people utilising a compendium of physical ac-
tivities devised in 1993 [39], updated in 2000 [40], and con-
taining an extensive list of physical activities with calculated
estimates of the activity’s metabolic energy expenditure
(MET code). The questions were chosen to be appropriate
for older men and women who were working, semi-retired or
fully retired. Additional activities incorporated in the modi-
fied questionnaire were those involving household activities
and there was expansion of the gardening, Do-It-Yourself
home improvements (DIY) and sports sections. This ques-
tionnaire was termed the Hertfordshire Physical Activity
Questionnaire (HPAQ) and was piloted in older men and
women participating in the Hertfordshire Cohort Study
(HCS). The objective of this study was to assess feasibility
and validity of the HPAQ as a self-administered question-
naire for the assessment of activity levels in older people and
to characterise physical activity participation in this age

group.
MATERIALS AND METHODOLOGY

Physical activity was assessed in men and women taking
part in the HCS [41]. From 1911-1948, midwives collected
detailed records on infants born in Hertfordshire, UK. In
1998, the NHS central registry used these records to trace
men and women born in Hertfordshire between 1931-1939.
955 men and 835 women were still living in the county and
registered with a General Practitioner in West Hertfordshire.
Permission to contact these participants was obtained from
their general practitioners and participants were invited to
take part in a home interview and subsequent clinic ap-
pointment via a letter from their general practitioner. All
participants gave full written informed consent. The Bed-
fordshire and Hertfordshire local research ethics committee
reviewed and approved the study. This study is based on a
sub-group of participants living in West Hertfordshire who
completed physical activity questionnaires.

The self administered physical activity questionnaire was
distributed at a home interview where a trained research
nurse also collected detailed information on health, diet and
lifestyle. The 69 items on the questionnaire were organised
into 12 groups of activity type, for example walking, cycling
and conditioning exercises. Participants indicated the
months, duration and frequency per occasion that they had
carried out each of the 69 activities over the previous 12
months. The metabolic equivalent (MET code) of each of the
activity groups was derived from standardised tables [40].
This MET code was then multiplied by monthly participation
in the activity and expressed as an estimate of the number of
hours of energy expended per month (MET.h/mth). An over-
all estimate of energy expenditure was also derived from the
HPAQ. Patterns of activity participation were explored using
cluster analysis, this uses a statistical approach to group peo-
ple according to the types of activity they participate in.
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The questionnaire was validated against another com-
monly used physical activity questionnaire (EPAQ-2) [32].
This questionnaire was chosen instead of the Minnesota in-
strument as it contains more relevant questions on home ac-
tivities such as housework and gardening. Furthermore the
wording of these questions was similar to those on the
HPAQ allowing for more direct comparisons to be made
between the two questionnaires. The EPAQ-2 is also a well
validated questionnaire for large population studies [32].
Questions on the HPAQ were compared with the EPAQ-2, in
a subset of women participating in the HCS. The first few
clinics of the study were less busy, therefore both question-
naires were offered to the fifteen women who participated in
these early clinics. Half the participants completed the
HPAQ first followed by the EPAQ-2 and the other half com-
pleted the EPAQ-2 first followed by the HPAQ. A period of
1-14 days elapsed before completion of the second question-
naire. Data was entered onto computer and the results com-
pared. Twenty nine individual questions in the HPAQ were
identified as similar to those in the EPAQ-2 and therefore
allowed direct comparison between the answers. In order to
compare the energy expenditure estimation from similar
questions in the two questionnaires, both questionnaires had
to have had answers of “yes” indicating that the activity had
been done. Questions that had a sufficient number of people
reporting participation (i.e. >10), allowed comparison of the
estimated energy expenditure from the two questionnaires.

STATISTICAL METHODS

Analysis was performed using STATA version 8. Valid-
ity of the HPAQ was assessed using a Kappa coefficient to
calculate the agreement between participation in the activi-
ties matched from the EPAQ-2 and the HPAQ. A Wilcoxon
matched-pairs signed-ranks test was used to assess agree-
ment between the median metabolic energy expenditure
(MET.h/mth) for activities reported on the EPAQ-2 and the
HPAQ. Physical activity participation was described as per-
centage participation in the twelve groups of activities. En-
ergy expenditure was calculated for: each of the twelve
groups of activities; and for the questionnaire as a whole, by
summing the frequency with which the activity was reported
and multiplying this by the metabolic cost (MET) of the ac-
tivity to produce the energy expended in hours per month
(MET.h/mth). Cronbach’s alpha was used to calculate the
internal validity of the HPAQ using the twelve group-level
energy expenditure variables. Clustering of physical activi-
ties was conducted using Ward’s hierarchical agglomerative
strategy, and the L2-squared distance measure, in STATA 8.
Cluster analysis of physical activities is a novel technique
that looks at patterns of people’s activity participation and
groups people according to the types of activities they par-
ticipate in. Clusters were selected based on visual inspection
of the distances on the cluster dendrogram.

RESULTS

Of those who were alive and still living in West Hert-
fordshire, a target group of 238 men and 321 women were
approached to complete the HPAQ. A total of 525 (94%)
questionnaires were returned from 235 men (mean age 67.9
years, SD 2.5) and 290 women (mean age 68.2 years, SD
2.6).
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Fig. (1). Prevalence of activity participation.

Fig. (1) shows the prevalence of activity participation in
men and women. Men and women in this age group tended
to participate mainly in home activities, walking, and gar-
dening. Winter activities and fishing/hunting were the least
frequently reported types of activity in men and women. Ta-
ble 1 shows the estimated energy expenditure (MET.h/mth)
in men and women participating in the groups of activities.
In men, most of their energy expenditure came from walking
activities (149.8 MET.h/mth), which included walking to and
from work, walking indoors and walking for pleasure out-
doors. In women, high median energy expenditure (287.1
MET.h/mth) was obtained for home activities, which in-
cluded ironing, general cleaning, and cooking, perhaps indi-
cating over reporting of this activity group in the women.
Overall women had significantly higher energy expenditure
than men (median MET.h/mth 466.4 and 659.3 in men and
women respectively, p<0.0001 from Mann-Whitney rank
sum test). In men and women, the activities where the least
amount of energy was expended were cycling activities (8
and 3 MET.h/mth in men and women respectively).

Figs. (2) and (3) show the results of the cluster analysis
of physical activity participation in men and women respec-
tively. Three clusters were identified in men, which broadly
related to a group of men doing more “indoors” types of ac-
tivities, “keep fit” activities, and those who were “less ac-
tive”. In men, Fig. (2) shows that the “indoors” group tended
to be doing more home based activities such as home activi-
ties and gardening. The “less active” group tended to be do-

ing less of all of the activities and the “keep fit” group were
doing more sports, water activities, cycling and golf. Two
clusters were identified in women which broadly related to a
group of women doing more “indoors” activities and a group
doing more “keep fit” types of activities. Similar to the men
the “indoors” group were doing mainly home based activities
and less outdoor activities. The “keep fit” group took part in
more sports, cycling, conditioning exercises and water ac-
tivities such as swimming. In men and women, walking ac-
tivity was conducted by almost 100% of people, therefore it
was impossible for the cluster analysis to discriminate people
on this activity.

Validation of the HPAQ

Twenty-nine activity items from the HPAQ were com-
pared to similar items on the EPAQ-2 in fifteen women,
mean age 69 years. Nineteen (66%) of the items from the
HPAQ produced exactly the same data as the equivalent on
the EPAQ-2. The remaining items showed good agreement,
median Kappa statistic 0.6 (data not shown). A sufficient
number of people (>10) reported participation in walking,
weeding, cooking and laundry/ironing activities and there-
fore estimated energy expenditure for these activities could
be derived for each of the HPAQ and EPAQ-2 and com-
pared. There were no statistically significant differences be-
tween estimated energy expenditure from the two question-
naires for walking, weeding and cooking (Table 2). Laundry
on the EPAQ-2 did differ slightly from ironing on the HPAQ
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Table1. Estimated Energy Expenditure for Men and Women Participating in the Activity Groups
Men N=235 Women N=290
3 Interquartile 3 Interquartile

N MET himh Range N MET bl Range
Walking 234 149.8 82.4,326.5 289 188.0 96.2,356.6
Cycling 32 8.0 2.67,25.5 23 3.0 0.75, 16
Conditioning 99 233 7.5,52.5 123 15.0 6.3,26.8
Water activity 66 39 1.5,21.6 96 5.9 1.5,24.8
Winter activity 6 324 8.2,50.6 3 21.0 47,263
Sports 84 15.6 1.8,61.6 101 9.0 0.9,39.1
Golf 41 42.0 11.3,104.6 12 28.9 114,112.1
Gardening 224 47.8 17.9,110.8 249 299 10.9,76.8
Home activity 219 72.1 37.3,152.2 290 287.1 185.9,432.5
Repair/DIY 173 16.5 6.8,45.6 73 44 2,92
Fish/hunting 21 58.3 17.7,77.0 1 9.3 n/a
Other activity 60 18.4 6.4,50.6 67 18.0 42,552
Total MET.h/mth 235 466.4 284.6,772.7 290 659.3 417.3,948.4

MET.h/mth = Metabolic equivalent of each activity multiplied by participation and expressed as an estimate of the number of hours of energy expended per month.
N= the number of people participating in the groups of activity. This figure is out of a total possible number of 235 men and 290 women who completed the questionnaire.

(median MET.h/mth 13.8, 19.8 for the HPAQ and EPAQ-2
respectively, p=0.03). The Cronbach alpha coefficients for
the twelve group-level energy expenditure variables in the
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Fig. (2). Activity participation according to physical activity cluster in men.

HPAQ were 0.33 for men and 0.21 for women. These con-
firm that the energy expenditures estimated from the sub-
sections of the HPAQ were positively correlated.
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Fig. (3). Activity participation according to physical activity cluster in women.

Table2. Comparison of Estimated Energy Expenditure Derived from the EPAQ-2 and the HPAQ
METE:::}? (n=15) MET§11;$31-(2n=15) Significance”
Median IQR Median IQR p-Value
Walking 254 72932 39.7 8.3,77.1 0.51
Weeding 25.1 1.7,50 18.1 3.1,484 0.8
Cooking 75 50,112.5 86 21.5,86 0.82
Ironing/Laundry 13.8 9.2,23 19.8 19.8,44.5 0.03

* P-value was derived from a Wilcoxon matched-pairs signed-ranks test used to assess agreement between the median metabolic energy expenditure (MET.h/mth) for activities re-

ported on the EPAQ-2 and the HPAQ.

DISCUSSION AND CONCLUSIONS

We have described a new physical activity questionnaire
designed for use in older people. The high response rate
(94%) suggests that the questionnaire is feasible and accept-
able in this age group. Few difficulties were reported in its
completion. Validation of the HPAQ showed good agree-
ment with the EPAQ-2 for those questions which could be
directly compared. However there were differences, for ex-
ample estimated energy expenditure from the laundry ques-
tion on the EPAQ-2 differed from that for the ironing ques-
tion on the HPAQ. This is most likely to reflect differences
in wording of the question between the two questionnaires
rather than a genuine difference in activity level. Validity of
physical activity questionnaires is difficult to assess as com-
parison with other instruments where the question wording is
dissimilar, or with objective measures of physical activity
where type of activity measured may vary, can yield differ-

ent results. There are few other studies that have assessed
validity of energy expenditure derived as a single unit from
questionnaire assessment and most have measured activity
by ranking of activity rather than absolute levels. The Godin
Leisure time Exercise questionnaire has been validated [31],
although this questionnaire focuses on leisure activities only.
The next stage is for validation of the HPAQ against an ob-
jective measure of activity such as a movement sensor com-
bined with heart rate monitoring.

Men and women of this age group appear to be partici-
pating in similar types of activities with most reporting walk-
ing, gardening and home activities as their key activities. We
used the questionnaire data to characterise physical activity
in several different ways. This included percentage participa-
tion in the 12 activity groups, the amount of energy ex-
pended in the 12 activity groups, the total energy expended
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for the entire questionnaire and patterns of activity participa-
tion in men and women using cluster analysis.

When total energy expenditure was calculated by sum-
ming energy expenditure for all of the physical activities on
the questionnaire, women unexpectedly had a significantly
higher value than men (Table 1). In women, walking activity
and home activity contributed most towards this value. In
this group of people the women could genuinely have a
greater energy expenditure than the men, although it is per-
haps more likely that these activities were over-reported in
women or perhaps misclassified/duplicated, a common prob-
lem with questionnaire assessment of activities especially for
the reporting of home based activities in women. Bassey
et al. have previously noted gender differences in the report-
ing of walking activity, with women able to cumulate a high
score for walking activity by “pottering around the house all
day” [42].

Difficulties with reporting of activity have been noted by
others especially with the reporting of everyday activities
such as walking and home activities [32, 33]. Wareham ef al.
have suggested that questionnaires should be used to quan-
tify levels of specific categories of activity rather than deriv-
ing overall energy expenditure and thus perhaps this figure is
not representative of women’s activity levels. This may ex-
plain why the “home activities” section from the EPAQ-2
was shown to have poor validity when compared with an
objective activity measure (4-day heart rate monitoring) [32]
and we should interpret our findings with caution.

The novel cluster analysis used in this study appeared to
address the issue of over reporting or misclassification of
physical activity as it used simple binary outcomes of doing
an activity or not. Information on the amount, intensity or
energy expenditure of the activity was not required. Group-
ing people according to similarities in their activity participa-
tion enabled identification of distinct patterns with three dif-
ferent levels of activity. Clustering of activities produces an
alternative approach to summarising physical activity par-
ticipation and may provide a helpful methodological devel-
opment when questionnaires are used to assess physical ac-
tivity in older people.

We have reported the feasibility and validity of this ques-
tionnaire and described ways of interpreting data by using
novel cluster analysis to look at patterns to activity participa-
tion. This questionnaire would be of use in epidemiological
research whereby assessment of activity in a large number of
people is required. Extension of this research to further in-
vestigate this methodology to assess physical activity in
older and frailer people would be of value using the Hert-
fordshire Cohort Study as a prospective ageing cohort.
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