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Abstract

Background : When studying physical activity in relation to health it is important to use valid methods.

Objective : To test the relative validity of a short physical activity questionnaire against 3 day physical activity

records, and to describe leisure and occupational physical activity in men and women by body mass index

(BMI).

Design : The validation study included 133 men and 139 women, and the cross-sectional study 1380 men and

2281 women. All subjects were aged 37�/60 years, with a BMI of 17.6�/59.2 kg m�2.

Results : Mean estimated physical activity level (PAL) from the 3 day activity records differed by reported

grade of occupational physical activity from the short activity questionnaire (p B/0.01 in both genders).

Among men PAL values increased with increasing activity grade. The same pattern, although weaker, was

seen for women. Estimated PAL values did not differ significantly by reported grade of leisure-time physical

activity. Gender differences were noted in the 3 day activity records. Men recorded more sitting than women,

whereas women were more engaged in walking and light activities. In the cross-sectional analysis physical

activity, both in leisure time and at work, decreased with increasing degree of overweight and obesity among

both men and women.

Conclusions : Mean PAL values increased with increasing grade of occupational physical activity reported in a

short physical activity questionnaire. Although PAL values were not related to reported leisure-time physical

activity, high BMI was associated with less physical activity both during leisure time and at work in a large

group of men and women with varying BMI.

Keywords: activity record; gender difference; obesity; PAL; questionnaire

Received: 18 Jun. 2004; Revised: 9 Sep. 2004; Accepted: 13 Sep. 2004

Introduction

There is a large body of evidence, going back 50

years, that regular physical activity improves cardi-

ovascular health (for review see ref. 1). Lack of

physical activity may also be an important factor in

the aetiology of obesity, and it has been suggested

that decreasing levels of physical activity and a

sedentary lifestyle are important factors contribut-

ing to the current obesity epidemic and its rapid

distribution worldwide (2). When studying the

impact of physical activity on health, it is important

to use methods that are valid. The doubly labelled

water (DLW) technique is today considered to be

the most accurate method available for measure-

ment of total energy expenditure (3); however, the

method is expensive and it is not possible to study

the frequency, duration and intensity of different

activities. Large epidemiological studies are there-

fore dependent on physical activity questionnaires.

Many more or less detailed physical activity ques-

tionnaires have been designed and used over the

years. Although extensive questionnaires may be

needed to understand further different aspects of

physical activity, complicated questionnaires do not

necessarily measure physical activity better than

simple instruments (4).

In the Swedish Obese Subjects (SOS) study two

four-point scales were used to measure leisure and
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occupational physical activity (5). The questions

were originally developed for men (6) and have been

used in Göteborg, Sweden, to study physical activity

in relation to cardiovascular risk and mortality

among men (7�/9) and women (adapted version)

(10). Similar questions have also been used in

Norwegian (11) and Danish (12) epidemiological

studies. Leisure-time physical activity has been

found to be significantly associated with fitness as

measured by maximal working capacity at a bicycle

ergometer (7, 11) and maximal oxygen uptake (7);

however, no study has analysed the questions in

relation to physical activity level (PAL) or total

energy expenditure. The first aim of the present

study was therefore to test the relative validity of

two physical activity questions measuring leisure-

time and occupational physical activity against 3

day physical activity records. The second aim was to

describe activity patterns in men and women, and

leisure and occupational PAL by degree of obesity.

Subjects and methods

Validation study

Between August 1994 and February 1998, 727

subjects underwent a health examination in the

SOS Reference Study (see below). At the health

examination subjects were asked whether they

wanted to record their physical activity during 3

days. In total, 150 men and 150 women volunteered

and completed 3 day activity records. Of these, 17

men and 11 women had either no regular work or

incomplete activity records and were excluded,

leaving 133 men and 139 women for the analysis.

Mean age9/SD (range), body weight (kg) and body

mass index (BMI) (kg m�2) were 49.49/6.2 (38.1�/

60.9), 84.29/13.2 (60.4�/137.6) and 26.09/3.6 (18.6�/

41.0) for men, and 47.89/6.1 (37.2�/60.7), 65.99/

10.1 (46.0�/99.8) and 24.19/3.7 (17.6�/38.0) for

women, respectively. The validity of the physical

activity questionnaire was tested against 3 day

activity records.

Cross-sectional study

Subjects participating in the SOS Reference Study

(13) and the SOS Registry Study (5) constitute

the cross-sectional study group. In the SOS Refer-

ence Study 524 men and 611 women randomly

selected from the communities of Göteborg and

Örebro underwent a health examination between

August 1994 and December 1999 (13). Mean9/SD

BMI was 25.89/3.4 kg m�2 for men and 24.79/4.1

kg m�2 for women. In the SOS Registry Study 6328

obese men and women from all over Sweden

underwent a health examination between 1987 and

2000. In the present analysis 856 men and 1670

women who underwent a health examination be-

tween August 1994 and December 1999 were

included. Mean9/SD BMI was 38.09/4.4 kg m�2

for men and 41.99/4.5 kg m�2 for women. Ages

ranged from 37 to 60 years in both groups. The

study groups were merged together and subjects

were stratified by BMI based on the current World

Health Organization (WHO) criteria for classifying

normal weight, overweight and obesity (14). The

BMI categories (and numbers of men/women) were

1: 18.5�/24.9 (220/370);

2: 25.0�/29.9 (250/177);

3: 30.0�/34.9 (263/82);

4: 35.0�/39.9 (424/608); and

5: ]/40.0 (223/1044).

Thus, altogether 1380 men and 2281 were included

in the cross-sectional analysis of leisure-time physi-

cal activity. When studying occupational physical

activity 182 men and 303 women without regular

work were excluded from the analysis. The subjects

reported their PAL in a short questionnaire includ-

ing two questions measuring leisure and occupa-

tional activity.

Three day physical activity record

Three day activity records were kept for 3 con-

secutive days according to a modified version of the

method proposed by Bouchard et al. (15). The

subjects were told to include one Saturday or

Sunday and two weekdays. Every hour of the 3

days was divided into 15 min periods. The recording

began at 06.00 h on the first morning and ended at

06.00 h on the last morning. During the registration

period the subjects could choose between eight

different metabolic equivalent (MET) factors repre-

senting multiples of basal metabolic rate (BMR)

(16). The letter codes were: L: lying down /resting,

including sleeping (MET factor 1.0); S: standing

and sitting without any heavy arm work, e.g. eating,

reading, watching TV, strolling (MET factor 1.4);

LW: light work, e.g. doing the dishes, light house-

work, household shopping (MET factor 2.0); HW:

heavy work, e.g. cleaning the house, wiping carpets,

carrying boxes (MET factor 3.5); W: walking (MET

factor 2.9); LE: low-intensity exercise, e.g. bowling,

playing golf, sailing, brisk walking (MET factor
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3.2); ME: medium-intensity exercise, e.g. dancing,

playing tennis, swimming, cycling (MET factor 5.3);

and HE: high-intensity exercise, e.g. playing foot-

ball, jogging, rowing, skiing, aerobics (MET factor

7.4). Based on the recorded time in each activity a

mean individual PAL value was calculated.

Self-administered physical activity questionnaire

The questionnaire consists of two questions, one

covering leisure-time physical activity and the cover-

ing occupational physical activity. The questions are

graded from 1 (low physical activity) to 4 (very high

physical activity). For occupational physical activity

there is also an option for no work. The ques-

tionnaire is shown in Table 1.

Ethical considerations

The ethics committees of all universities in Sweden

approved the protocols from the SOS study. The

ethics committees of the Medical Faculty of Göte-

borg University, Sweden, approved the protocols

from the population-based study. All subjects gave

their consent to participate.

Statistical analysis

Gender-specific analyses of variance (ANOVAs)

were used to test the validity of the two four-point

graded physical activity questions. Individual PAL

values estimated from the 3 day physical activity

records were used as the dependent continuous

variable and physical activity during leisure time

or at work as the independent categorical variable.

When the overall test was statistically significant

(p B/0.05) Tukey’s post hoc tests were applied.

Grades 3 and 4 in the short questionnaire were

combined in the analysis since grade 4 included very

few subjects (two men and no women for leisure-

time activity, and seven men and three women for

occupational activity). Student’s t-test was used to

compare physical activity patterns between men and

women and a logistic regression model to compare

the proportion of subjects who were physically

active (grades 3�/4) or sedentary (grade 1). Over-

weight (BMI category 2) and obese (BMI categories

3�/5) subjects were compared with normal-weight

subjects (BMI category 1). The analyses were

adjusted for age and education, and results are

presented as odds ratios with 95% confidence

intervals (95% CI). The statistical packages SAS

8.1.0 and JMP 5.1.1 were used.

Results

In Table 2 mean PAL values estimated from the 3

day physical activity records are presented by grades

of leisure and occupational physical activity from

the short questionnaire. For leisure-time physical

activity PAL values did not differ significantly

by grade of activity in either men nor women.

For occupational activity, however, mean PAL

values differed significantly by activity grade in

both genders. Among men, R2 for the overall model

was 27.1% and mean PAL values increased by

Table 1. Physical activity questionnaire

(a) These questions refer to your physical activity during your leisure time

during the last 12 months . If your activity varies a lot between, for instance,

summer and winter, please try to average.

Please choose the group that best describes your own physical activity.

a (one cross)

Group 1: Sedentary leisure I

You spend most of your leisure time reading, knitting and watching

TV or film or the like

Group 2: Moderate exercise I

You walk, cycle or are active in other ways, for at least 4 hours a

week; for instance walking or cycling to and from your job,

Sunday walks, gardening, fishing or bowling

Group 3: Regular exercise or training I

You are, for instance, engaged in running, swimming, tennis,

badminton or heavy gardening for at least 3 hours a week

Group 4: Strenuous exercise or competition I

You are engaged in strenuous exercise or competition in, for

instance, running, skiing, skating, swimming, soccer or handball

regularly, at least 4 times a week

(b) These questions refer to your degree of physical activity at work during the

last 12 months . We want to know how much you walk, run, climb and lift when

you are at work. Below we have mentioned a few jobs as examples.

Please choose the group that best describes your own physical activity at work

b (one cross)

Group 0: No paid job I

Retired, pensioner or without a job for other reasons

Group 1: Sedentary work I

Most of your time you are sitting and you don’t walk much at

work. For instance, desk workers and assembly-line workers

Group 2: Rather sedentary but not sitting I

At work you walk around but you don’t have to carry around

heavy things. For instance, housewife, shopkeeper, teacher

Group 3: Moderately heavy work I

At work you walk a lot and also carry weight burdens or often

walk upstairs or up hills. For instance, postman, heavy industrial

worker

Group 4: Heavy work I

At work you carry heavy loads and in other ways have a very heavy

physical job. For instance, forest work, heavy farming, fishing,

carrying heavy tools, house builder
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increasing activity grade. The same pattern

was noted for women, but R2 was lower (8.3%)

and the mean PAL value for grades 3�/4 did not

differ significantly from the mean PAL value for

grade 2.

The estimated PAL value, mean9/SD (range),

from the 3 day physical activity records was 1.619/

0.20 (1.31�/2.29) and 1.629/0.18 (1.31�/2.25) for

men and women, respectively, in the validation

group (not significant). Table 3 presents the time

in minutes spent in the eight specified activities.

Although mean PAL values were similar, gender

differences in minutes spent in specific activities

were observed. Men reported significantly more

sitting activities than women (p B/0.01), whereas

women reported more walking and light work (p B/

0.01 for both comparisons).

Fig. 1(a) shows unadjusted proportions of the

1380 men and 2281 women who reported low (grade

1) or high leisure physical activity (grades 3 or 4). In

both men and women, the proportion of subjects

who reported low leisure activity increased with

increasing BMI category, i.e. with increasing degree

of overweight (p for trend B/0.001, both genders).

Similarly, the opposite trend was observed for

subjects reporting active leisure activity, i.e. the

proportion of subjects who were active decreased

with increasing degree of overweight (p for trend

B/0.001, both genders) (Fig. 1a). In a logistic

regression model, controlling for age and education,

men and women in BMI categories 3, 4 and 5 were

less likely to report high leisure activity than

normal-weight subjects in BMI category 1 (for

details see Table 4).

Fig. 1(b) shows the unadjusted proportions of

men and women who reported low (grade 1) or high

occupational activity (grades 3 or 4). When con-

trolling for age and education the proportions of

men and women who reported low work activity

were similar across the BMI categories. However,

men in BMI category 5 (]/40 kg m�2) were

more likely to report a lower work activity than

Table 2. Physical activity level (PAL) from 3 day activity records (y ) by grades of leisure and occupational physical activity from a short physical activity questionnaire (x )

Men Women

Leisure physical activity Occupational physical activity Leisure physical activity Occupational physical activity

n Mean PAL n Mean PAL n Mean PAL n Mean PAL

Grade 1 9 1.64 51 1.50a 13 1.54 31 1.53a

Grade 2 90 1.59 43 1.63b 104 1.63 74 1.63b

Grades 3�/4 34 1.68 39 1.75c 22 1.63 34 1.68b

p -Value �/0.054 B/0.001 �/0.236 B/0.003

R2 4.4% 27.1% 2.1% 8.3%

The models are based on 133 men and 139 women in the validation group. For more detailed information on grades 1�/4 in the short questionnaire, see Table 1.

Grades 3 and 4 were combined because there were very few subjects in grade 4.
a,b,cSignificant difference between physical activity levels (ANOVA with Tukey’s post hoc tests). Values in the same column with different superscript letters are significantly

different (p B/0.05).

Table 3. Time (min day�1) spent in each of eight types of activity from 3 day physical activity records in 133 men and 139 women in the validation group.

Men Women

Activity Mean (SD) Range Mean (SD) Range p

Lying down 485 (59) 280�/680 490 (66) 170�/800 �/0.47

Sitting 561 (186) 115�/1074 499 (158) 134�/945 B/0.01

Walking 46 (50) 0�/285 64 (52) 0�/295 B/0.01

Light work 225 (178) 0�/280 290 (148) 0�/650 B/0.01

Heavy work 92 (128) 0�/515 70 (105) 0�/525 �/0.11

Light exercise 13 (25) 0�/135 10 (18) 0�/80 �/0.25

Medium exercise 10 (19) 0�/90 11 (22) 0�/105 �/0.88

Heavy exercise 7 (15) 0�/75 6 (12) 0�/40 �/0.65
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normal-weight men (OR: 1.77, 95% CI 1.16�/2.71).

The relationship between BMI category and high

occupational activity is shown in the lower part of

Fig. 1(b). The highest proportion reporting high

occupational physical activity was noted in BMI

category 2 for men and BMI category 3 for women,

suggesting a curvilinear relationship. However, the

differences were not statistically significant and

when further controlling for age and education,

the odds ratios for men in category 2 and women in

categories 2 and 3 were not statistically significantly

different to those for normal-weight men and

women (Table 4). In addition, when controlling

for age and education, men and women in BMI

categories 4 and 5 were less likely to report a high

physical activity at work than were normal-weight

subjects (Table 4).

Discussion

In the present study, two simple questions on

occupational and leisure physical activity were

compared with 3 day physical activity records. It

was found that estimated PAL values differed

significantly by reported grade of occupational

physical activity for both men and women. Mean

PAL value also increased by increasing activity

grade. For women, however, the mean PAL value

for grades 3�/4 did not differ significantly from the

value for grade 2. For leisure-time physical activity,

PAL values did not differ significantly by grade of

activity in either men nor women. Furthermore,

gender differences were noted in the 3 day physical

activity records. Although mean PAL values were

similar, minutes spent within specific activities

differed between men and women. Finally, differ-

ences in leisure-time and occupational physical

activity were found between normal-weight, over-

weight and obese subjects. Leisure-time physical

activity decreased with increasing degree of over-

weight and obesity and the most obese subjects were

less likely to report high occupational physical

activity.

Questions that grade leisure and occupational

physical activity with four-point scales have pre-

viously been shown to be associated with physical

fitness (7, 11). When physical working capacity was

measured using a bicycle ergometer, Wilhelmsen et

al. found an association between maximum oxygen

consumption (VO2max) and both occupational and

leisure activity, whereas physical workload capacity

was only associated with leisure-time activity (7).

Thune et al. also found an association between a

physical workload test and leisure-time activity

among women (11). In contrast to these results,

the present study suggests that occupational activity

is more important for total physical activity than

leisure-time activity. In view of the many hours per

week spent at work it is not surprising that

occupational activity predicts total physical activity

better than leisure activity. The associations found

between physical fitness and leisure activity can be

explained by the fact that cardiovascular fitness

primarily reflects heavy-intensity activity rather

than total energy expenditure (4). The use of

cardiovascular fitness as a tool to validate total

physical activity is also limited by the large indivi-

dual variations in metabolic response to regular

exercise due to genetic diversity (17).
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Fig. 1. (a) Leisure-time physical activity and (b) occupational

physical activity by five body mass index (BMI) categories in men

and women. BMI category 1: �/24.9 kg m�2; 2: 25.0�/29.9 kg m�2;

3: 30.0�/34.9 kg m�2; 4: 35.0�/39.9 kg m�2; 5: ]/40.0 kg m�2.
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The four-graded question regarding occupational

physical activity seemed to capture physical activity

better among men than among women. Grades 3

and 4 in the four-point scale specifically concentrate

on paid work that is traditionally performed by

men, e.g. heavy industrial worker, forestry worker,

heavy farmworker and house builder. Owing to the

omission of traditional female occupational activ-

ities, also seen in other commonly used physical

activity questionnaires (4), women with heavy work

may underestimate their PAL. Furthermore, it is

likely that more women than men work part-time

and a smaller proportion of the total physical

activity is therefore derived from occupational

activities.

Although the present 3 day records cannot

separate activities at work from home activities,

gender differences were noted. Men recorded more

sitting activities than women, whereas women

recorded more walking and light work than men.

Unfortunately, it is not possible to know whether

light work recorded in this study refers to work at

home or to occupational activities. Other studies

also indicate gender differences in physical activity

patterns (4, 18�/20). Thus, the activity patterns of

women need to be considered to obtain valid data

on physical activity from women.

In the present analysis 3 day activity records were

used to validate the four-point questions on leisure

and occupational physical activity. Using activity

records as a reference can be questioned. Activity

records may not reflect habitual physical activity

owing to changes in activity behaviour during the

recording period. In addition, activity records may

be subjected to recording bias and may thus not

reflect true physical activity. The validity of physical

activity records has been tested against the DLW

method. These studies have shown that average

energy expenditure calculated from activity records

is comparable with measured energy expenditure

and that subjects can be ranked by activity level.

This suggests that physical activity records can be

used as a valid reference method.

One problem when using activity records is the

crude division of the activities and the choice of

MET factors to calculate energy costs (21). The

MET factors chosen for specific activities differ

between studies (15, 22) and there may also be

individual variations. Although MET factors were

originally considered to be constant across a wide

range of body weights (16), a recent study has

shown that the energy cost of different activities

expressed as multiples of BMR increases with

increasing BMI (23).

Table 4. Frequency of high reported physical activity level (grades 3 and 4 for leisure and occupational activity in the short physical activity questionnaire) in 1380 men and

2281 women in each BMI category; also shown are the odds ratio (OR) and 95% confidence interval (95% CI) of reporting a high physical activity level in each BMI category

compared with BMI category 1

BMI (kg m�2) Men Women

High leisure activity ORa(95% CI) High leisure activity ORa(95% CI)

Yes No Yes No

1. 18.5�/24.9 55 165 1.00 71 299 1.00

2. 25.0�/29.9 60 190 0.99 (0.65�/1.51) 24 153 0.80 (0.48�/1.34)

3. 30.0�/34.9 19 244 0.25 (0.14�/0.43) 6 76 0.38 (0.16�/0.91)

4. 35.0�/39.9 21 403 0.16 (0.09�/0.27) 21 587 0.16 (0.09�/0.26)

5. ]/40.0 8 215 0.12 (0.05�/0.26) 16 1028 0.07 (0.04�/0.12)

BMI (kg m�2) High occupational activity ORa(95% CI) High occupational activity ORa(95% CI)

Yes No Yes No

1. 18.5�/24.9 53 155 1.00 81 281 1.00

2. 25.0�/29.9 70 157 1.16 (0.72�/1.74) 44 117 1.11 (0.72�/1.71)

3. 30.0�/34.9 60 168 0.73 (0.46�/1.15) 23 48 1.34 (0.77�/2.34)

4. 35.0�/39.9 92 265 0.60 (0.39�/0.91) 115 393 0.70 (0.50�/0.97)

5. ]/40.0 41 131 0.36 (0.91�/0.95) 176 690 0.57 (0.42�/0.78)

aAdjusted for age and education.
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The aim of the second part of this study was to

study differences in PAL among men and women

with different degrees of overweight and obesity.

Physical activity was reported with the two ques-

tions on leisure and occupational physical activity.

In this analysis it was clearly demonstrated that the

proportion of men and women who reported low

leisure physical activity increased with increasing

degree of obesity, whereas the opposite trend was

noted for regular physical exercise during leisure

time. The associations were independent of age and

education and also strong among women, despite

the much weaker association between the leisure

activity question and activity records. Several stu-

dies have shown an inverse association between

leisure-time physical activity and BMI (e.g. 18, 24�/

26). Thus, the present study, which also included a

large proportion of extremely obese subjects, con-

firms earlier results from population studies.

Because of the cross-sectional nature of the present

analysis it is not possible to make any causal

inference, i.e. whether the obese subjects have

become obese owing to a low PAL or whether

the obese subjects are inactive owing to their

obesity.

Differences in occupational physical activity by

degree of obesity were less clear-cut. The proportion

of men who reported high occupational activity

showed a curvilinear relation between BMI group

and activity level. However, when controlling for

age and education, men and women with BMI�/35

kg m�2 and above were less likely to report high

physical activity at work. This suggests that there is

a social gradient in the relationship between occu-

pational physical activity and degree of overweight.

The relationship between BMI and occupational

physical activity has been less explored than that

between BMI and leisure-time physical activity.

Livingstone et al. (18) found an inverse association

between BMI and occupational activity, whereas

Gutiérrez-Fisac et al. found no association after

controlling for a number of confounding factors

(26). It should be noted that the studies referred to

are population based and are likely to include a very

small number of subjects above BMI 35 kg m�2.

The present study includes a large proportion of

subjects with high BMIs and the analysis showed

that the most obese subjects are less likely to report

high occupational physical activity, independent of

age and educational level. A possible explanation is

that these extremely obese subjects are physically

restrained by their obesity.

In summary, PAL estimated from 3 day activity

records increased with increasing grade of reported

occupational activity from a short questionnaire.

Although PAL values did not differ by activity

grade for leisure-time activity, high BMI was

associated with less physical activity both during

leisure time and at work in a large group of men and

women with varying BMI.
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