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Effect of intensity of physical activity on

body fatness and fat distribution?
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ABSTRACT To evaluate the effect of intensity of physical
activity on body fatness and fat distribution, observations of
1366 women and 1257 men who participated in the 1981 Can-
ada Fitness Survey were analyzed. Subjects were tested for en-
ergy expenditure of leisure-time activities and estimated maxi-
mal oxygen uptake (VO,max), body fatness was measured by
subcutaneous skinfold thicknesses, and anthropometric mea-
surements were made. Subjects of both sexes were categorized
into four subgroups on the basis of their participation in lei-
sure-time activities of various intensities. In general, subjects
practicing vigorous activities on a regular basis had lower sub-
cutaneous skinfold thicknesses and waist-to-hip ratios (WHRs)
than those not performing these activities. These differences
remained statistically significant after a covariance analysis was
used to remove the effect of total energy expenditure of leisure-
time activities on subcutaneous fat and fat distribution. More-
over, the WHR remained significantly lower in subjects per-
forming high-intensity exercise after the effect of subcutaneous
fat on fat distribution was adjusted for. Am J Clin Nutr
1990;51:153-7.
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Introduction

Exercise training is frequently used during the course of a
weight-reducing program and its beneficial effects on fitness are
well accepted. The potential of regular exercise to induce
weight loss has not been systematically demonstrated, how-
ever. Indeed, some investigators observed that exercise training
can induce a substantial reduction in body weight (1-3),
whereas others found essentially no morphological change in
obese individuals subjected to this treatment (4, 5). A close ex-
amination of the training protocols used in these investigations
reveals that the quantity of exercise performed was much
higher in studies that showed a substantial weight loss in com-
parison with those not demonstrating this effect. This suggests
that the impact of training on body weight and fat is to some
extent dependent on the level of energy expenditure induced
by exercise.

Exercise intensity is another dimension of exercise prescrip-
tion that may influence energy balance independently of the
effect of exercise duration. The common belief among health
professionals is that the optimal exercise prescription to be rec-

ommended in weight-reducing programs is a low-intensity ex-
ercise. This obviously represents a secure approach but a low-
intensity exercise is also considered the most appropriate pre-
scription because the proportion of lipid oxidized is higher than
that observed during a vigorous effort (6). If one considers only
the physiological adaptations that occur during exercise, this
hypothesis seems to be justified. However, if the postexercise
adaptations are also taken into account, it becomes unclear
whether a low-intensity exercise really represents the prescrip-
tion that will maximize the postexercise negative energy bal-
ance. Indeed, Stevenson et al (7) found that enforced exercise
induced a short-term suppressing effect on energy intake,
which might be associated with the stress generated by exercise.
In a recent study Lennon et al (8) obtained results suggesting
that the increase in resting metabolic rate (RMR) induced by
training might depend on the intensity of the exercise. Thus,
these observations suggest that vigorous exercise is more likely
to create a negative energy balance than is low-intensity exer-
cise. If this hypothesis is valid, it could mean that for a given
level of energy expenditure of activities, people regularly partic-
ipating in vigorous activities during their leisure time are char-
acterized by reduced adiposity. To examine this notion, we an-
alyzed data of the 1981 Canada Fitness Survey (9) in which
body fatness, fat distribution, and energy expenditure of lei-
sure-time activities accounting for frequency, intensity, and
duration were measured in a large cohort of men and women.

Methods

Subjects

The subjects were women (n = 1366) and men (n = 1257)
aged 20-49 y who participated in the 1981 Canada Fitness Sur-
vey (9). They were measured for energy expenditure of leisure-
time activities, estimated maximal oxygen uptake (\"Ozmax),
and subcutaneous fat and anthropometric characteristics. The
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TABLE |
Energy expenditure of activities (EEA), VO,max, and anthropometric characteristics in women categorized by intensity of usual daily leisure-time
activities*
Activity intensity
A B C D
(x<5§ 5sx<7 (T<x<9 x=9 Statistical analysis
METS) METS) METS) METS)
Variable (n = 848) (n=252) (n=112) (n=154) ANOVA ANCOVAt
EEA (kcal-kg™'.y™") 297 £ 1192 333+£913 503 + 1605 257 + 546 NS —
VO,max (mL-kg™'-min™") 323+5.0 33.6+5.0 347+49 35.7+4.2 A#B,C,D;B#D A#B,C,D
Body weight (kg) 60.3 +10.7 59.5+9.9 59.2+9.0 59.8+8.2 NS NS
BMI (kg/m?) 23.0+3.8 224+ 34 219+27 22.2+8.2 A#C A¥C
Waist-to-hip ratio 0.76 £ 0.06 0.74 £ 0.05 0.75+0.11 0.73£0.04 A#B,D;C#D A#B,D;C#D
Circumferences (cm)
Waist 73.0+ 89 7.1 7.6 70.5 +7.1 699 +5.3 A#¥B,C,D A#B,C,D
Hip 96.2 + 8.2 95.5+6.6 94.7 + 8.1 95.5+6.0 NS NS

*x+SD. NS, p>0.05.

t Covariance analysis, controlling for the statistical effect of the total energy expenditure of activities.

procedures followed in this study conformed to the Helsinki
Declaration of 1975 as revised in 1983.

Protocol

Energy expenditure of leisure-time activities was estimated
by use of a questionnaire similar to the Minnesota Leisure
Time Activity Questionnaire (10). As reported elsewhere (9),
the questionnaire was designed to collect extensive details on
leisure-time physical activity, including type, frequency, dura-
tion, and intensity, for periods < 1 y. The complete question-
naire and further details on its administration and analysis
were already published (11, 12). A description of the 1981 Can-
ada Fitness Survey is also presented in one of these reports (9).

Total energy expenditure of activities was calculated as fol-
lows:

Total energy expenditure (kcal-kg™'-y™")
= > (N; X D; X mets;)

where N is the number of occasions of activity i in the past 12
mo, D is the average duration in hours of that activity, and
mets is the energy cost of the activity expressed as kilocalories
expended per kilogram body weight per hour of activity. A met
was considered as corresponding to 1 kcal-kg™' - h of activity ™
and the mets value for each activity was established by a group
of experts on the basis of the exercise and work physiology liter-
ature (13).

To determine the effect of exercise intensity on adiposity,
subjects of each sex were divided into four subgroups on the
basis of the mets value of their leisure-time activities by use of
the following criteria: group A, subjects not reporting activities
of = 5 METS < 6 mo in the past year; group B, subjects report-
ing activities of = 5 METS but < 7 METS for = 6 mo in the
past year; group C, subjects reporting activities of = 7 METS
but < 9 METS for = 6 mo in the past year; and group D, sub-
jects reporting activities of = 9 METS for = 6 mo in the past
year. When a subject could be classified in more than one
group, he or she was assigned to the highest relevant intensity
group. The mean age (+SD) and number of women in each

subgroup were as follows: group A, 31.9 + 8.2 y, n = 848; group
B,29.9 +8.1y,n=252;groupC, 282 +7.0y,n= 112; and
group D, 28.5 + 6.8 y, n = 154. The corresponding values for
men were group A, 31.9 + 8.2y, n = 552; group B, 30.2 + 8.2
y, n = 224; group C, 29.5 + 7.4y, n = 161; and group D, 29.7
+7.7y,n=320.

The protocol used for measuring fitness variables, which, like
the questionnaire, were administered in the home, was the Ca-
nadian Standardized Fitness Test (14). Heart rate response to
astandardized, multistage, submaximal step test was measured
for the estimation of VO,max. This battery of field tests also
included the measurement of waist and hip circumferences as
well as skinfold thicknesses at the following sites: suprailiac,
subscapular, calf, biceps, and triceps.

Statistical procedures

A one-way analysis of variance (ANOVA) was used to com-
pare values of the four intensity subgroups of subjects for each
dependent variable (15). Moreover, we performed the same
comparison after adjustment by covariance analysis for the
contribution of total energy expenditure of leisure-time activi-
ties on the intergroup differences (15). The differences between
activity-intensity groups in skinfold thicknesses and waist-to-
hip-circumference ratio (WHR) were also studied by use of a
covariance analysis controlling for the contribution of total
subcutaneous fat (sum of five skinfold thicknesses).

Results

Tables 1 and 2 present values of total energy expenditure of
leisure-time physical activities, VO,max, and anthropometric
characteristics in women and men, respectively. In general,
subjects reporting vigorous physical activities in their leisure
time were also characterized by higher levels of energy expendi-
ture of activities except for women categorized in the highest
exercise-intensity group, whose values were similar to those of
the lowest-intensity group. All these variations were not statisti-
cally significant, however, probably because of the large intra-

1002 ‘TZ Yyore uo Aq Bio’usfe'mmm woly papeojumod


http://www.ajcn.org

@ The American Journal of Clinical Nutrition

PHYSICAL-ACTIVITY INTENSITY AND BODY FAT

155

TABLE 2
Energy expenditure of activitics (EEA), VO,max, and anthropometric characteristics in men categorized by intensity of usual daily leisure-time
activities*
Activity intensity
A B C D
(x<5 5=x<17 (7T=x<9 x=z9 Statistical analysis
METS) METS) METS) METS)
Variable (n=1552) (n=224) (n=161) (n=320) ANOVA ANCOVA%
EEA (kcal-kg™'-y™") 376 + 1062 373 + 802 523 + 1387 493+ 1116 NS —
VO,max (mL-kg™'-min™"') 422+7.1 446+ 8.0 442+175 46.4+17.6 A#B,C,D;B,C#D A#+#B,C,D;B,C#¥D
Body weight (kg) 76.2+11.5 76.6+11.2 758+10.8 76.8 +9.9 NS NS
BMI (kg/m?) 24.7+3.3 249+33 24.7+3.3 245+28 NS NS
Waist-to-hip ratio 0.88 +0.06 0.87+0.06 0.87+0.06 0.86 + 0.06 A,B,C#D A,B,C#D
Circumferences (cm)
Waist 85.8+9.0 852+9.0 849 +8.8 83.9+8.0 A#D A#D
Hip 97.7+17.1 97.5+59 97.0+ 6.4 97.8+5.8 NS NS

*x+SD.NS, p>0.05.

t Covariance analysis, controlling for the statistical effect of the total energy expenditure of activities.

group variations in energy expenditure of activities. As ex-
pected, VO,max was significantly higher in subjects reporting
activities of moderate-to-high intensity in comparison with
subjects not performing these activities. This difference was
also revealed by the covariance analysis, which removed the
contribution of total energy expenditure of activities on varia-
tions in VO, max.

Tables 1 and 2 also indicate that body weight was compara-
ble in each activity-intensity group for both sexes. On the other
hand, female and male subjects categorized in the highest activ-
ity-intensity group were characterized by a reduced WHR (p
< 0.05), which was mainly explained by lower waist circumfer-
ences. The intergroup differences in WHR and waist circum-
ference persisted when statistical controls were performed for
the effect of energy expenditure of activities (Tables 1 and 2).

As shown in Table 3, women performing moderate-to-high-
intensity leisure-time activities had significantly lower amounts

of subcutaneous fat than did subjects not practicing such activ-
ities, except for the calf skinfold thickness. Furthermore, this
table shows that these differences persisted when the contribu-
tion of total energy expenditure of activities was removed by
covariance analysis.

Table 4 indicates that men practicing vigorous activities also
tended to have a reduced subcutaneous adiposity. The inter-
group differences for women revealed by the ANOVA were es-
sentially unchanged when the contribution of total energy ex-
penditure of activities to variations in adiposity was removed.

The effect of exercise intensity on skinfold thicknesses and
WHR adjusted for the effect of the sum of skinfold thick-
nesses is presented in Table 5. In both sexes none of the
differences between activity-intensity groups in skinfold
thicknesses persisted after the effect of total subcutaneous ad-
iposity was controlled for. On the other hand, after the statis-
tical correction for the role of subcutaneous fat, the WHR

TABLE 3
Subcutaneous fat in women categorized by the intensity of usual daily leisure-time activities*
Activity intensity
A B C D
(x<5 =x<1 (7T<x<9 x=9 Statistical analysis
METS) METS) METS) METS)
Variable (n = 848) (n=252) (n=112) (n=154) ANOVA ANCOVAt
Skinfold thickness (mm)
Suprailiac 134175 122+6.3 11.0+5.8 11454 A#C,D A#C,D
Subscapular 14.6 +6.7 13.2+5.6 129 +5.7 123443 A#C,D A#C,D
Calf 16.5 + 6.8 153+5.8 15.0+5.2 154+5.9 NS NS
Biceps 85+46 78+4.1 7.7+44 7.1+£3.1 A#D A#D
Triceps 18.1 £6.7 16.9+5.6 16.4+5.1 16.5 5.1 A#C,D A#C,D
2 5 skinfold thicknesses (mm) 70.5 +28.4 65.3+24.0 62.0+21.0 62.6 +20.2 A#C,D A#CD
Z Trunk skinfold thicknesses (T) (mm) 279+13.6 254+ 115 239+11.2 23.7+90 A#C,D A#¥C,D
2 Extremity skinfold thicknesses (E) (mm) 429+ 16.6 399+ 13.8 38.7+12.2 389+ 128 A#C,D A#C,D
ZT/ZE 0.66 +0.19 0.63 +£0.16 0.61 £0.16 0.62+0.17 A#C,D A#C

*x+SD. NS, p> 0.05.

t Covariance analysis, controlling for the statistical effect of the total energy expenditure of activities.
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TABLE 4
Subcutaneous fat in men categorized by the intensity of usual daily leisure-time activities*
Activity intensity
A C D
(x<5 5=sx<1 (7Tsx<9 x=9 Statistical analysis
METS) METS) METS) METS)
Variable (n=1552) (n=224) (n=161) (n=320) ANOVA ANCOVAt
Skinfold thickness (mm)
Suprailiac 16.7+7.8 16.3+8.0 159+8.3 15.1+£7.3 A#D A#D
Subscapular 13.8+5.8 13.4+5.8 13.3+6.0 128+5.0 NS NS
Calf 89+43 8.1+3.2 82+39 80+34 A#B,D A#B,D
Biceps 50+£2.2 48+20 48+26 46+ 1.7 A#D A#D
Triceps 10.6 +4.3 10.3+4.1 9.9+4.2 9.8+3.9 NS NS
Z Five skinfold thicknesses (mm) 549 +21.3 52.8£20.0 52.1+£21.7 50.1 +18.0 A#D A#D
2 Trunk skinfold thicknesses (T) (mm) 30.4 £12.7 29.7+12.8 29.1+13.6 279+ 11.7 NS NS
2 Extremity skinfold thicknesses (E) (mm) 245+99 23.1+8.5 229+938 223+78 A#D A#D
ZT/ZE 1.27£0.34 1.30 £ 0.35 1.29 +0.38 1.27 £0.34 NS NS

*x+SD.NS, p>0.05.

+ Covariance analysis, controlling for the statistical effect of the total energy expenditure of activities.

remained significantly lower in subjects who performed
high-intensity exercise.

Discussion

The effect of exercise on body weight and fat loss has been
investigated frequently and, despite the large amount of data
accumulated, uncertainty still persists concerning what may
constitute the prescription that will maximize caloric deficit.
Evidence supports the concept that morphological changes are
more pronounced when a large amount of exercise is per-
formed. On the other hand, the available experimental data do
not allow us to address the question of the level of exercise in-
tensity that will favor a maximal postexercise negative energy
balance (16). Thus, the primary goal of the present study was
to look at morphological characteristics of people performing
or not performing vigorous physical activities in their leisure
time on a regular basis. The data of the 1981 Canada Fitness
Survey were particularly appropriate for investigating this
effect because energy expenditure of activities that accounts for
frequency, intensity, and duration as well as subcutanous fat
and anthropometric characteristics were measured in a large
national sample.

As expected, participation in activities of increasing levels of
intensity was associated with increases in VO,max. This is in
agreement with results reported by Taylor et al (10) who ob-
served the same phenomenon with the Minnesota Leisure
Time Activity Questionnaire. These observations suggest that
the type of questionnaire used in the present study is valid for
discriminating between individuals with respect to the inten-
sity of usual leisure-time activities.

The major finding of this study is that subcutaneous fat was
generally lower in subjects who regularly practiced vigorous
physical activities. Moreover, when statistical controls were
performed to remove the effect of energy expenditure of activi-
ties, a significant difference persisted between subjects practic-
ing or not practicing vigorous activities on a regular basis. This
indicates that the effect of exercise intensity on body fat and its

distribution was not due to the energy cost of activities but to
an effect on other components of energy balance. In this sense,
experimental evidence suggests that the intensity of exercise
might influence energy intake. Thus, according to Stevenson
et al (7), vigorous exercise might exert a suppressing effect on
postexercise energy intake. This hypothesis is supported by re-
cent data that indicate that there is a significant association be-
tween the exercise-induced increase in catecholamines and
food-intake inhibition (17).

The reduction in body fat observed in individuals perform-
ing vigorous exercise may also be explained by an increase in
postexercise RMR. Indeed, Lennon et al (8) recently reported
data suggesting that the increase in RMR induced by training
might depend on the level of exercise intensity.

Results presented in Table 5 indicate that the effect of exer-
cise intensity on individual skinfold thicknesses was no longer
observed after adjustment for the concomittant effect of exer-
cise intensity on total subcutaneous fat. This suggests that the
response of each skinfold was proportional to the overall re-
sponse of subcutaneous fat. On the other hand, results indicate

TABLE 5
Effect of exercise intensity on waist-to-hip ratio and individual
skinfold thicknesses corrected for the sum of skinfold thicknesses*

Variable Men Women
Waist-to-hip ratio A,B,C# Dt A,C#D
Skinfold thickness (mm)

Suprailiac NS NS
Subscapular NS NS
Calf NS NS
Biceps NS NS
Triceps NS NS

* NS, p > 0.05. Intergroup differences were determined by a covari-
ance analysis controlling for the statistical effect of the sum of skinfold
thicknesses.

1 See Tables 1-4 for characteristics of groups A, B, C, and D.
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that the WHR remained significantly lower in individuals who
practiced high-intensity exercise even after the effect on subcu-
taneous fat was controlled for. This result suggests that high-
intensity exercise is associated with a preferential mobilization
of abdominal fat. To our knowledge, it is the first time that such
a preferential regional mobilization of fat is reported. These
results are concordant with earlier reports from our laboratory
(18, 19) indicating a trend for a greater reduction of abdominal
fat during exercise-induced fat loss. The present report further
addresses this issue by controlling for the reduction in total fat,
which is important considering the well-established positive re-
lationship between obesity and the proportion of abdominal
fat (20-23).

We acknowledge that our study reports cross-sectional ob-
servations that warrant further investigation in a longitudinal
exercise-training study. Considering the importance of abdom-
inal fat as a correlate of the metabolic complications of obesity
(20-23), the effect of exercise intensity on the proportion of
abdominal fat could have beneficial effects on the health profile
of sedentary individuals. Such an issue also deserves further
investigations.

Results presented in Tables 3 and 4 showed that statistically
significant effects of exercise intensity on subcutaneous fat were
observed more systematically in women than in men. This is
likely explained by the fact that the criterion of exercise inten-
sity that could be used from the questionnaire represented a
greater relative stress for women than for men. Therefore, these
data should not be used to speculate about the existence of sex
differences in the ability to adapt to exercise training.

In summary, the results of this study show that individuals
performing vigorous activities are characterized by reduced
levels of subcutaneous adiposity and WHR. This phenomenon
is also observed when the statistical effect of total energy expen-
diture of leisure-time activities on subcutaneous fat is removed.
The effect of exercise intensity on fat distribution also seems to
be independent of variations in total subcutaneous fat.
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