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PAPER

Leisure-time physical activity and regular walking or
cycling to work are associated with adiposity and 5y
weight gain in middle-aged men: the PRIME Study

A Wagner!, C Simon?*, P Ducimetié¢re®, M Montaye®*, V Bongard®, J Yarnell®, A Bingham?,
G Hedelin', P Amouyel®, J Ferriéres®, A Evans® and D Arveiler't

!Laboratoire d’Epidémiologie et de Santé Publique, Faculté de Médecine, Strasbourg, France >Groupe d’Etudes et de Recherche en
Nutrition, Hopitaux Universitaires, Strasbourg, France; 3INSERM U258, Hopital Paul Brousse, Villejuif, France; 4INSERM U508,
Institut Pasteur, Lille, France; >INSERM U518, Département d’Epidémiologie, Faculté de Médecine, Toulouse, France; and
Department of Epidemiology and Public Health, The Queen’s University of Belfast, Belfast, Northern Ireland, UK

OBJECTIVE: To examine the influence of physical activity on body mass index (BMI), waist circumference (W) and body mass
changes (ABMI) in middle-aged men, with special regard to moderate-intensity activities.

DESIGN: Longitudinal study of adults who participated in the PRIME Study.

SUBJECTS: A cohort of 8865 men aged 50-59y, free of coronary heart disease.

MEASUREMENTS: BMI and W at baseline, body mass changes over a 5y period. Detailed baseline assessment of net energy
expenditure due to physical activity (PAE) in the preceding year, according to category of activity, by means of the MOSPA
Questionnaire. PAE was expressed in weekly metabolic equivalent scores (MET h/week).

RESULTS: After adjustment for confounders, the multiple regression analyses indicated that BMI, W and ABMI were inversely
associated with PAE spent in getting to work (P< 107>, <102 and 0.04, respectively) and practice of high-intensity (> 6 MET)
recreational activities (< 0.01, <1073 and < 0.01). Men who regularly spent more than 10 MET h /week in walking or cycling to
work had a mean BMI, W and ABMI respectively 0.3 kg/m?, 1 cm and 0.06 kg/m? lower than those who did not expend energy
in getting to work. In the subgroup of subjects who did not perform high-intensity activities, the level of recreational PAE was
inversely associated with BMI and W but not with subsequent weight-gain.

CONCLUSION: These findings indicate that, in middle-aged men, physical activities of moderate-intensity, which are probably
easier to promote than more vigorous activities and, in particular, a more current daily activity, walking or cycling to work, may
have a favourable effect on body fat markers and body mass gain.
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Introduction

Several prospective studies indicate that regular exercise is
associated with a decreased risk of premature death and
cardiovascular disease.!? This association is thought to be
partly related to improvement in fitness and in different
cardiovascular risk factors including lipid profile, blood pres-
sure, insulin resistance and diabetes, and haemostasis.?
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In contrast, some controversy exists about the relationship
between physical activity and obesity or body fat distribu-
tion, both being also significant risk factors for diabetes and
coronary heart disease.

Short-term intervention studies suggest that exercise
training of various intensities is a major strategy for weight
control.*3  Similarly, cross-sectional studies consistently
report lower body weight among people with higher
reported physical activity.>® However, prospective observa-
tional population-based studies are scarce and the results
somewhat confusing. An inverse association between physi-
cal activity and subsequent weight gain is suggested by
several studies,® especially for activities of high intensity.



However, the impact of activities of low or moderate inten-
sity, probably easier to promote, is less well established. The
new physical activity recommendations for improving
health have underlined the importance of moderate inten-
sity activities practised on a regular basis.” However, con-
cerning weight control, the question as to whether a
minimum exercise intensity is required in order to maintain
weight and body composition remains open. Some experi-
mental data indicate that high-intensity activity may confer
substantial benefits for weight control,® but it is unclear
whether the intensity of the physical activities instead of
the total energy expended is important in maintaining
weight loss” or preventing weight gain in free-living subjects.

The purpose of this study was to investigate at a popula-
tion level, the relationship between physical activity and
body weight, body fat distribution and 5y weight gain, with
special regard to regular walking or cycling to work and to
activities of moderate intensity. We analysed data from The
Prospective Epidemiological Study of Myocardial Infarction
(The PRIME Study), a prospective study conducted in a large
cohort of 50 to 59-y-old men free of coronary heart disease.'°
Since fat accumulates with increasing age, better knowledge
of physical activity patterns and their associations with body
fat markers at this age may have public health implications.

Physical activity was evaluated by means of the MONICA
(MONItoring of trends and determinants in CArdiovascular
disease) Optional Study of Physical Activity Questionnaire
(MOSPA-Q), a questionnaire developed by the Center for
Disease Control and Prevention (CDC) and the World
Health Organization (WHO) in an attempt to estimate the
usual physical activity amount and pattern of the indivi-
dual.'’ This questionnaire measures the usual time and
energy expended in different activities: sport, but also
other leisure-time, occupational and more daily ones such
as means of getting to work over the past year.

Methods

Sample

The PRIME Study is a prospective study conducted in a
cohort of 50 to 59-y-old men, which was established in
order to evaluate the contribution of risk and genetic factors
to the development of coronary heart disease. It has arisen
from the World Health Organization MONICA Project colla-
boration and is based on the three French Centres (the
department of Bas-Rhin (STR) in the East, the urban com-
munity of Lille (LIL) in the North, the department of Haute-
Garonne (TOU) in the South), and the Northern Irish Centre
(Belfast (BEL)). Detailed information about the aims and
methods has been described elsewhere.!® Recruitment
began in 1991 and was completed in 1993 in all centres.
The sample was recruited to broadly match the social class
structure of the background population and to represent 5-
8% of the total 50 to 59-y-old male population of each
centre; 10 600 men equally distributed between each centre
were finally recruited. Participation was voluntary and a
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formal consent form was signed by the subjects. Each study
centre obtained local approval from the appropriate ethical
committee. After exclusion of 842 men who had a history or
clinical signs of coronary heart disease and of those who died
or presented with a diagnosis of cancer during the 5-y follow-
up, a total of 8865 men constituted the final sample. There
were 796 men for whom weight during follow-up was miss-
ing who were further excluded from the analyses of weight
change. Analysis of anthropometric, lifestyle and socio-eco-
nomical baseline data indicated that they did not differ
significantly from the other subjects.

Study design

Subjects were initially given a morning appointment for
questionnaire administration (health, lifestyle, socio-eco-
nomic and physical activity data), physical and anthropo-
metric examination, and blood sampling; they were then
contacted annually by means of a letter or by telephone and
asked about health events, current weight and changes in
smoking status or employment status.

Lifestyle and socio-economic data

Educational level was classified into three categories (pri-
mary school; secondary school or technical training; uni-
versity). Smoking status was defined by questions on present
and past consumption. Smokers were defined as individuals
currently smoking at least one cigarette per day. Alcohol
consumption was assessed by a quantitative frequency ques-
tionnaire as previously described.'? Subjects were classified
into three groups: teetotallers; consuming less than 30g of
alcohol per day; and consuming 30g per day or more.
Centre, age group (<55y, >55y), marital status (never
married; married; divorced, separated or widowed), pursuit
of weight-control diet (yes or no), socio-occupational class
(three classes), current employment status (yes or no) were
also considered as well as changes in employment and
smoking status during follow-up.

Assessment of physical activity

The MOSPA-Q was used to assess the amount of physical
activity performed during the previous year, according to the
category of physical activity (occupational activity, walking
or cycling to and from work and leisure-time activities).
Briefly, this questionnaire described in detail elsewhere,!!
whose validation and reliability have been reported,’® was
administered by a trained interviewer in order to assess the
time and mean energy expenditure spent on physical activ-
ity at work, during transportation to and from work, and
during leisure-time. Subjects were instructed to make clear
distinctions between each category of physical activity to
avoid possible overlap. They were asked about time spent
sitting, standing, walking, lifting or carrying objects of vary-
ing weight at work during a typical day. Time spent in

941

International Journal of Obesity



Physical activity, adiposity and weight gain in men
A Wagner et al

942

walking or cycling to work was recorded. For leisure-time
activities, walking and the two physical activities that were
most frequently performed (sport, exercise or others, such as
gardening, etc) during the previous year were taken into
account. The intensities of the different activities reported
were derived from the Compendium of Physical Activities'*
and expressed in MET values by reference to the resting
metabolic rate (1 MET or approximately 1kcal/kg/h). Per-
sons reporting no physical activity expend energy with a
MET value of approximately 1; therefore, as previously
proposed,'s we subtracted 1 from each given MET value to
calculate net energy expenditure indices. The average weekly
net energy expenditure due to physical activity, expressed in
MET h/week, was computed for different activities as the
sum of time spent on the activity items multiplied by the
corresponding MET values minus 1:

Net energy expenditure = X((intensity; — 1)
x frequency; x duration;)

where intensity is the energy cost of the activity i in MET,
frequency the weekly average number of occasions of this
activity during the past year and duration its average duration
in hours.

The PAE attributable to occupational activity, walking or
cycling to work and leisure-time activities were computed.
The subjects who did not work (n=1741) were considered as
having a PAE attributable to occupational activity and to
walking or cycling to work equal to zero. For leisure-time
activities, subjects were classified in three groups according
to the average PAE expended on one week of the past
year, with cut-off points of 3 and 9 MET h/week. This last
cut-off point corresponds approximately to the weekly
amount of energy expenditure of the American College of
Sports Medicine (ACSM) and CDC recommendations. Parti-
cipants were also categorised as to whether or not they
performed high-intensity leisure-time activities (>6 MET)
regularly or not.

Anthropometric measurements

Anthropometric measurements included height (to the near-
est 1cm), body weight (to the nearest even decimal), and
waist (to the nearest 0.5cm). The measures were taken on
subjects in light clothing without shoes, with an electronic
scale periodically calibrated for weight and a wall mounted
rule for height. Measurement of waist circumference (W) was
recorded horizontally midway between the lateral lower
rib margin and iliac crest on a standing subject, after a
moderate expiration. All the measure procedures were stan-
dardised between study centres and in each centre inter-
viewers were regularly trained to perform these
measurements according to the standard protocol. Body
mass index (BMI) was computed as weight (kg) divided by
height squared (m?). Body weight change during the 5y
follow-up was computed as body weight reported by the
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subjects after 5y of follow-up less the body weight recorded
at the initial visit. Variation in BMI was considered.

Statistical analysis

Statistical analyses were performed using the BMDP Statisti-
cal Software.'® Univariate statistics (means and frequencies)
were computed for all dependent variables and variables of
interest as well as for behavioural, demographic and poten-
tial confounders. Comparisons were made using the chi-
square test for categorical variables and one-way ANOVA
for continuous variables.

Multiple linear regression models were fitted to assess the
independent association of PAE due to walking or cycling to
work, PAE due to leisure-time activities and high-intensity
recreational activities with BMI, waist circumference and
body mass changes (ABMI). Product terms were used in the
analyses to evaluate a possible heterogeneity of the associa-
tions across levels of other factors. In particular, interactions
between the different categories of physical activities and a
two-way interaction between leisure-time PAE (in three
classes of PAE level) and regular high-intensity activities
(yes or no) were first considered in each model. Only the
pertinent models are presented here. In order to investigate
the influence of activities of moderate intensity in depth, the
same analyses were secondarily performed in the subgroup
of subjects who did not regularly practise high-intensity (> 6
MET) recreational activities. All these analyses were per-
formed after controlling for several potential confounding
factors including centre, age, marital status, educational
level, socio-occupational class, pursuit of weight control
diet, alcohol and smoking habits and PAE at work. Initial
BMI and changes in employment and smoking status were
also taken into account in predicting BMI change. Both 3
and Sy follow-up data were analysed; only the Sy results are
detailed here.

Results

Baseline characteristics

Demographic, behavioural and anthropometric characteris-
tics of the 8865 subjects are detailed in Table 1. Participants
averaged 54.9 + 2.9y, had predominantly received secondary
or technical education, were married, and had a current
occupational activity. About 15% were obese (BMI >
30kg/m?) and 21.5% had a high-risk waist circumference
(W>102cm). Prevalence of obesity and of high waist cir-
cumference was lower in Belfast than in the three French
centres (P < 10~%).

Complete data on 8069 subjects were available for
the longitudinal analysis. On average, participants gained
0.22+4.45kg, which corresponded to a ABMI of 0.07+
1.49 kg/m? with a great range of change (—26 to +40Kkg);
8.3% of the sample lost more than 5 kg whereas 9.5% gained
more than 5 kg during the 5y period. Smoking cessation was
noted in 8% of the subjects (nearly one-third of the baseline
smokers) and 46% retired during follow-up.



Table 1 Selected demographic, behavioural and anthropometric
characteristics of participants at baseline

Characteristic n= 8865
Age (y; mean=+s.d.) 54.94+2.9
Education (%)

Primary 25.0

Secondary or technical 59.4

University 15.6
Marital status (%)

Never married 4.7

Married 88.1

Divorced/separated /widowed 7.2
Employed (%) 80.4
Socio-professional category (%)

Low 17.6

Medium 53.1

High 29.3
Currently weight-control diet (%) 7.3
Alcohol (%)

Teetotallers 16.0

<309 per day 43.6

>30g per day 40.4
Smoking (%)

Never smokers 30.1

Former smokers 43.6

Current smokers 26.3
Weight (kg; mean+s.d.) 79.4+11.4
Height (cm; mean+s.d.) 172.8+6.5
Body mass index (kg/m?% mean+s.d.) 26.6+3.4
Waist (cm; mean=s.d.) 94.6+9.9

Physical activity patterns

Table 2 illustrates the baseline mean participation in the
different categories of physical activity as obtained by the
MOSPA questionnaire. The mean weekly PAE at work was
63.1+43.7 MET h/week much higher than during leisure-

Table 2 Baseline physical pattern of the 8865 study participants
according to the different categories of activity

Physical activity category n= 8865
Occupational activity
Mean PAE=+s.d. (MET h/week)® 63.1+43.7
Walking or cycling to work
Mean PAE+s.d. (MET h/week)® 23+55
Distribution according to PAE Levels (%)
No 65.1
Low level (0-7 MET h/week) 24.8
Moderate level (>7 MET h/week) 10.1
Leisure time
Mean PAE+s.d. (MET h/week) 24.2+26.9
Distribution according to PAE levels (%)
Low level (<3 MET h/week) 14.9
Moderate level (3-9 MET h/week) 16.8
High level (>9 MET h/week) 68.2
Distribution according to high-intensity (> 6 MET) activities (%)
Regular practice 32.1
No practice 67.9

“Means are calculated with inclusion of the subjects who did not work (19.6%
of the subjects; PAE attributable to occupationai activity and walking or cycling
to work equal to zero).
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time (24.2+26.9 MET h/week) or getting to work (2.3+35.5
MET h/week). Walking or cycling to work was regularly
performed by 34.9% of the participants, representing 43%
of the workers. Low levels of recreational PAE (<3 MET
h/week the equivalent of 60 min walking) were reported by
14.9% of the subjects, whilst 68.2% of the participants spent
more than 9 MET h/week during recreational physical activ-
ities. This level approximates to 30 min of brisk walking on 5
days a week as recommended for the general population.” By
contrast only about one-third of the subjects reported regular
high-intensity recreational activities.

Subjects reporting regular walking or cycling to work and
those who did not practised regular high-intensity recrea-
tional activities in a similar proportion. In contrast, the
former were less likely to have high levels of recreational
PAE (P<0.01). Univariate analyses revealed that participa-
tion in occupational activities, walking or cycling to work or
leisure-time activities, as well as anthropometric data, were
significantly associated with different socio-demographic
and lifestyle variables (Table 3). Further analyses of the
relationship between physical activity and body fat markers
or weight changes were adjusted for these potential con-
founders.

Cross-sectional association between physical activity and
BMI or W

The independent association of recreational and transport-
related PAE with BMI and W was analysed by means of
multiple linear regression models (Table 4). In order to
evaluate the effects of the intensity of the physical activities
practised whatever their energy cost, a binomial variable
(regularly performing high-intensity recreational activities
or not) was also considered, as well as its interaction with
the energy cost of the recreational physical activities. Differ-
ent interactions between the other variables were also tested
for but the results did not significantly change and are not
presented here. In particular, an interaction with the country
of origin (France or Northern Ireland) was considered but no
clear difference could be noted.

The PAE due to walking or cycling to work was strongly
and negatively related to both BMI and W (P<10~%). In
average, subjects who reported 10 MET h/week as cycling or
walking to work, the equivalent of 30 min per day, had a
mean BMI and a mean W respectively 0.31 kg/m? (equivalent
to 950¢g for a typical man 1.75m tall) and 1 cm lower than
those who did not regularly walk or cycle to work.

Performing high-intensity recreational activities was asso-
ciated with lower BMI whatever the level of energy expended
(P<0.01) but a significant interaction was noted between
leisure-time PAE and the practice of high-intensity activities
(P<0.04). Both the energy cost of the recreational activities
and the regular practice of vigorous activities were negatively
associated with W, with no significant interaction (only the
model without interaction is presented). The subjects who
reported high recreational PAE had a mean W 0.79 cm lower
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Table 3 Anthropometric parameters and baseline physical activities (mean
characteristics

s.d.) of participants according to the demographic and behavioural

Occupational Walking or Practice of high
BMI Waist ABMI activity cycling to work Leisure-time intensity activities
(kg/m?) (cm) (kg/m?) (PAE) (PAE) (PAE) (%)
Education
Primary 26.94 (3.66)  95.61 (10.49) 0.19 (1.73) 62.85(51.94) 2.22 (5.81) 25.42 (31.34) 20.0
Secondary or technical 26.64 (3.39)  94.73 (9.75) 0.06 (1.43) 64.15(42.81)  2.31 (5.45) 24.90 (26.31) 33.2
University 25.72 (2.97)  92.39 (8.80) —0.02 (1.33) 59.49 (30.06)  2.18 (5.47) 19.61 (19.61) 47.5
P<10~* P<10* P<103 P<1072 NS P<10~* P<10~*
Marital status
Never married 26.65 (4.14)  94.38 (10.93) 0.17 (1.92) 57.45 (47.56)  3.45 (7.01) 19.52 (24.35) 26.2
Married 26.57 (3.32)  94.60 (9.66) 0.07 (1.45) 63.82(43.27)  2.22 (5.47) 24.58 (26.88) 32.6
Divorced/separated /widowed 26.56 (4.04)  94.59 (11.35) 0.14 (1.70) 57.79 (45.29) 2.19 (5.27) 22.59 (27.74) 30.1
NS NS NS P<10? P<103 P<103 P=0.02
Employed
No 26.94 (3.77)  96.56 (10.55) 0.05(1.63) 0 0 37.65 (40.24) 28.0
Yes 26.48 (3.33)  94.10 (9.61) 0.08 (1.46) 78.52 (34.09)  2.83 (6.06) 20.91 (21.13) 33.1
P<10~* P<107* NS p<10~* P<107*
Socio-professional category
High 26.10 (3.06)  93.29 (9.28) 0.01 (1.41) 58.95(31.21)  2.21 (5.02) 20.90 (22.18) 39.8
Medium 26.77 (3.46)  95.23 (9.79) 0.08 (1.47) 65.50 (47.88)  2.04 (5.20) 25.91 (28.46) 30.7
Low 26.78 (3.78)  94.87 (10.70) 0.17 (1.67) 62.90 (47.37)  3.03 (7.05) 24.79 (28.50) 33.8
P<107* P<107* P<1072 P<10~* P<107* P<107* P<10~*
Currently weight-control diet
No 26.43 (3.34)  94.22 (9.70) 0.06 (1.47) 63.65 (43.78)  2.31 (5.61) 24.20 (26.81) 31.8
Yes 28.32 (3.95)  99.29 (10.53) 0.26 (1.76) 55.92 (41.71)  1.80 (4.56) 24.24 (27.31) 35.2
P<107* P<107* P<1072 P<10~* P<1072 NS NS
Alcohol
Teetotallers 26.33 (3.65)  92.47 (10.39) 0.10 (1.70)  60.10 (40.53)  2.88 (6.41) 20.73 (23.48) 24.7
<30g per day 26.44 (3.36)  94.16 (9.58) 0.06 (1.44) 62.54 (40.66)  2.31 (5.54) 23.97 (25.47) 36.0
>30g per day 26.81 (3.38)  95.87 (9.74) 0.08 (1.47) 64.85 (47.74)  1.99 (5.15) 25.83 (29.29) 30.7
P<107* P<10* NS P<102 P<10* P<10™* P<10~*
Smoking
Never smokers 26.33 (3.24)  93.38 (9.43) —0.05(1.31) 63.76 (43.17)  2.63 (6.39) 24.42 (26.34) 34.8
Former smokers 26.99 (3.37)  95.90 (9.62) 0.06 (1.49) 61.66 (42.80)  2.08 (5.22) 25.27 (27.79) 33.7
Current smokers 26.15 (3.62)  93.79 (10.43) 0.24 (1.66) 64.69 (45.57)  2.18 (4.98) 22.21 (25.73) 26.3
P<10* P<10* P<10* P=0.02 P<103 p=10""* P<10*

’Net energy expenditure due to physical activity (MET h/week).

than those with low recreational PAE (P <0.01). The influ-
ence of intensity of the activities was somewhat stronger
(P<107%) than for BMI, subjects practicing regularly one
vigorous activity having W, on average, 2cm lower than
those who did not.

Physical activity and 5y BMI changes

Multiple linear regression analysis with ABMI as dependent
variable is illustrated in Table 5. The longitudinal analyses
were performed after adjustment on baseline BMI and on
changes in smoking and occupational status. Regular walk-
ing or cycling to work was significantly and negatively
associated with ABMI (P=0.04), although the relationship
was less strong than in the cross-sectional analyses.

Energy expended during leisure-time reported at baseline
was not related to ABMI. In contrast engaging in high-
intensity leisure-time activities was a significant protector
against weight gain (P < 10~?); this effect was even stronger
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(P<10~* when ABMI during the first 3y of follow-up was
considered (results not shown). Subjects who performed
high-intensity leisure-time activities had a 3 and 5y BMI
gain, respectively 0.13 and 0.10kg/m?, lower than subjects
who did not. This is equivalent to 400 and 300 g respectively
for a typical man.

Analysis of the subgroup with no high-intensity
recreational activity

In order to differentiate the effect of activities of moderate
intensity, the subgroup of subjects who did not report regular
practice of high-intensity activities (defined as > 6 MET, for
example jogging) was further analysed. Results of the three
models obtained with BMI, W and ABMI are shown in Table 6.
PAE in walking or cycling to work was inversely associated
with BMI or W. A negative relationship between PAE due to
walking or cycling to work and ABMI was also noted but was
not significant (P=0.07). Concerning recreational PAE, a



Table 4 Cross-sectional analysis in the 8865 subjects of the PRIME
cohort: multiple linear regression analyses with respective baseline BMI
and waist as dependent variables®”

Standard

Variables Coefficient error P

BMI (model r*: 0.0770)
Walking or cycling to work (MET h/week)
Leisure-time activity

—0.0310 0.0065 <10°°

Low PAE (reference)

Moderate PAE —0.2544  0.1382 0.07

High PAE —0.3036 0.1109  <0.01
High-intensity leisure-time activities

No (reference)

Yes —0.9755 0.3022 <0.01
Interaction, moderate PAE xintensity 0.4892 0.3608 0.18
Interaction, high PAE x intensity 0.6414  0.3135 0.04
Waist (model r’: 0.1264)

Walking or cycling to work (MET h/week) ~—0.1027  0.0184 <10°
Leisure-time activity

Low PAE (reference)

Moderate PAE —0.4482  0.3525 0.19

High PAE —0.7922  0.2904 <0.01
High-intensity leisure-time activities

No (reference)

Yes —2.0931 02239 <10°°

Data were adjusted for centre, age group, marital status, educational level,
employment status, socio-occupational class, following a weight-control diet,
alcohol consumption, smoking status and occupational-related PAE.

BLevels of leisure-time activities were defined as low (<3 MET h/week),
moderate (3-9 MET h/week) and high (> 9 MET h/week). Leisure-time
activities were considered as high-intensity when > 6 MET.

significant negative association with BMI and W but not with
ABMI was observed. Hence in contrast with the
sedentary group, subjects performing more than 9 MET h/
week of low-to-moderate intensity activities during leisure-
time had mean BMIs and Ws which were 0.33kg/m?
(P<1072) and 0.90 cm (P < 10~2) lower, respectively.

Table 5 Longitudinal analysis in the 8069 subjects of the PRIME cohort:
multiple linear regression analysis with ABMI as a dependent variable®?

Standard

Variables (model r*: 0.0737) Coefficient error P
Walking or cycling to work —0.0059 0.0029 0.04

(MET h/week)
Leisure-time activity

Low PAE (reference)

Moderate PAE —0.0380 0.0580 0.50

High PAE —0.0186 0.0478 0.50
High-intensity leisure-time activities

No (reference)

Yes —0.1030 0.0363 <0.01

’Data were adjusted for centre, age group, marital status, educational level,
employment status, socio-occupational class, following a weight-control diet,
alcohol consumption, smoking status and occupational-related PAE, baseline
body mass index and changes in smoking as well as employment status during
follow-up.

BLevels of leisure-time activities were defined as low (<3 MET h/week),
moderate (3-9 MET h/week) and high (> 9 MET h/week). Leisure-time
activities were considered as high-intensity when > 6 MET.
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Table 6 Multiple linear regression analyses in the subgroup of subjects
who did not regularly perform vigorous (> 6 MET) recreational activities
with baseline BMI (n=15990), baseline W (n=5990) and ABMI
(n=5378) as dependent variables®

Standard

Variables Coefficient error P
BMI°(model r*: 0.0752)
Walking or cycling to work (MET h/week) —0.0312  0.0089  <0.001
Leisure-time activity

Low PAE (reference)

Moderate PAE —0.2522  0.1449 0.09

High PAE —0.3265 0.1166 <0.01

Waist®(model r?: 0.1250)
Walking or cycling to work (MET h/week)
Leisure-time activity

—0.0884 0.0245 <0.001

Low PAE (reference)
Moderate PAE —0.7502  0.4004 0.09
High PAE —0.9030 0.3221 <0.01

ABMI®< (model r*: 0.0737)
Walking or cycling to work (MET h/week)
Leisure-time activity

—0.0075  0.0041 0.07

Low PAE (reference)
Moderate PAE —0.0564 0.0680 0.70
High PAE —0.0303  0.0545 0.70

’Levels of leisure-time activities were defined as low (<3 MET h/week),
moderate (3-9 MET h/week) and high (>9 MET h/week). Recreational
activities were considered as high-intensity when >6 MET.

®Data were adjusted for centre, age group, marital status, educational level,
employment status, socio-occupational class, following a weight-control diet,
alcohol consumption, smoking status and PAE at work.

“Data were further adjusted for baseline body mass index and changes in
smoking as well as employment status during follow-up.

Discussion

This longitudinal study, conducted in a large cohort of
middle-aged men, demonstrates that walking or cycling to
work, a physical activity of moderate intensity but practiced
on a regular basis, is inversely associated with BMI, W and
ABMI over the subsequent 5y period. A significant negative
relationship was also found between the baseline energy
expended during leisure-time and BMI or W but not ABMI
during follow-up. In contrast, regular practice of high-inten-
sity activities during leisure-time showed a strong inverse
relationship with body fat markers both in the cross-
sectional and longitudinal analyses.

An important finding of this study was the negative inde-
pendent relationship observed between energy expended
during walking or cycling to work and subsequent weight
changes. Our results also showed that, even in the absence
of high-intensity activities, the energy expended during lei-
sure-time is inversely associated with BMI and W. These
observational results do not establish a causal relationship.
Nevertheless, they support the hypothesis that even low-to-
moderate intensity physical activities, feasible by most adults,
are beneficial for preventing weight gain with age. Several
large-scale observational studies indicate a relationship
between baseline or improvement in physical activity!”-23
or cardiorespiratory fitness**** and subsequent weight gain
or risk of becoming overweight. As in our cohort, regular
performing of high-intensity activity during leisure-time was
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generally a strong predictor of subsequent weight changes.
However, we are not aware of prospective population-based
studies that specifically assessed the role of walking or cycling
to work on weight changes during follow-up and only a few
studies have assessed the influence of low-to-moderate inten-
sity physical activities. These studies conducted in 20-50
aged adults gave inconsistent results. French et al'® found
that changes in moderate-intensity activities was inversely
associated with 2y weight changes in both men and women.
In contrast, two other small cohort studies?*?® reported
a beneficial effect of these activities in women but not in
men. Our results were obtained in men aged from 50-59y at
baseline, an age group that is, as women are, less likely to
practice high-intensity activities and this may have contrib-
uted to the detection of the benefits of lower intensity
recreational activities.

Several reasons may explain the lack of relationship
between the energy expended during leisure-time, indepen-
dently of performing high-intensity activities, and subsequent
weight gain, which contrasts with the influence of walking or
cycling to work. Misclassification, due to a less accurate report-
ing of some recreational activities, in particular those that are
less vigorous or less structured, is possible. In fact, the reprodu-
cibility of the MOSPA-Q has been shown to be higher for
vigorous activities, such as sports activities, compared to
non-vigorous ones.'® Similarly, respondents may more accu-
rately recall regular walking or cycling to work, which is amore
structured activity, performed on a daily basis. This last activity
may also be less prone to change over time and its regularity is
probably determinant; frequency of walking, for leisure or
other, was found to be associated with lower weight among
subjects aged 40y or more trying to lose weight.?” In two of the
studies reporting the influence of moderate-intensity recrea-
tional activities,'®?° the frequency rather than the total
amount of these activities was studied. Through our question-
naire, the global frequency of the recreational activities could
not accurately be estimated, so that the influence of their
regularity could not be determined. More generally, since
body composition is known to change with age and BMI
does not distinguish fat from fat-free mass, the use of ABMI
may also explain the weaker results of the longitudinal
analyses.?%2°

The strengths of our study were assessment of physical
activity for the previous 12 months, a period that includes
seasonal variations on physical activity choice®® and adjust-
ing for several confounding socio-demographic, lifestyle
factors and occupational physical activity. The importance
of adjusting for occupational activity, which represents the
greater part of the daily physical activity expenditure, has
been recently emphasised.?’ Use of W, which is well related
to central abdominal fat mass,®! in addition to BMI, has also
contributed to assess the relationship between physical
activity and adiposity.

Some limitations of our study should be considered and
could explain the weaker relationship between baseline level
of physical activity and subsequent weight gain. Unfortu-
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nately, change in W could not be calculated since W was not
asked for at follow-up. We were unable to take into account
changes in physical activity, which may have occurred over
time, although work cessation was considered. In fact, in two
recent prospective studies, one-third to one-half of the sub-
jects changed their leisure-time activity during the 10y
follow-up.2°?? Also only two physical activities and walking
were included in the assessment of leisure-time physical
activity. We cannot exclude the possibility that this may
have lead to an underestimation of the intensity level of
physical activity since more intense activities may be per-
formed as the third most frequent. However it should be
noted that more than 65% of the subjects reported no or
only one physical activity. On the other hand, we did not
control for food intake and could not account for the
influence of energy intake on the relationship between
physical activity and weight or body composition; however,
dieting efforts, which have been shown to be strongly related
to subsequent weight gain,'®??® and alcohol consumption
have been studied. Moreover whereas baseline BMI was
obtained from a standardised measure of weight and
height, only reported weight was available during follow-
up. Therefore, we cannot exclude some reported errors
among various subgroups, but various studies, that com-
pared measured and self-reported weight, showed that men
were less likely to underestimate their weight than
women.??33 Although the magnitude of the associations
found between moderate-intensity leisure-time activity and
weight can be thought to be small, they may have health
implications at a population level taking into account a
cumulative effect over years and the increasing prevalence
of obesity in most western countries.>*

In summary, these data from a large cohort of European
middle-aged men indicate that low-to-moderate intensity
activities —recreational or as a more current daily activity,
walking or cycling to work —may favourably influence body
fat markers and also 5 y ABMI. Further studies are required to
establish whether the differences found between recreational
activities and walking or cycling to work are due to a less
accurate evaluation of the recreational activities or to the
regularity of the work-related transportation. Use of more
precise measurements of daily activities, such as those
obtained with accelerometers for example, could help to
detect the real impact of physical activity frequency or
regularity, which may also depend on sex and age. Never-
theless, these results support guidelines that endorse moder-
ate-intensity physical activities, which are safe, achievable by
most adults, and probably easier to maintain on a long-term
basis. In the same way, it has been shown that brisk walking
and vigorous exercise are associated with similar reductions
in the incidence of coronary events in women.>s
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