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ORIGINAL ARTICLE

ECSS position statement: Exercise and obesity

MIKAEL FOGELHOLM1, BENTE STALLKNECHT2, & MARLEEN VAN BAAK3
1

The UKK Institute for Health Promotion Research, Finland, 2The Panum Institute, Denmark, and 3University of
Maastricht, The Netherlands

Abstract
This is a review on the effects of physical exercise on weight, body composition and health in prevention and management of
obesity. Individuals who maintain or increase their physical activity also show the best weight control over a period of several
years. However, physical activity at baseline of prospective studies does not consistently predict weight change, perhaps
because of changes in physical activity during the follow-up. Moderate-intensity (e.g. walking) physical activity during dietinduced weight reduction leads to modest improvements in weight, abdominal fat and total fat loss. Moderate exercise 250 /
300 min/wk is recommended for weight reducing purposes. For maintenance of reduced body weight, more than 60 min
moderate exercise per day after weight reduction might be needed. Studies have found a more pronounced training-induced
loss of visceral compared to subcutaneous fat in overweight and obese subjects. Physical activity will help to lower risk of
insulin resistance, type 2 diabetes, dyslipidemia, hypertension and the metabolic syndrome in overweight and obese
individuals and that more pronounced effects can be attained in combination with maintained weight loss. The intensity of
physical activity should be at least moderate ( /30 /40% VO2max) to cause metabolic health benefits. A suitable frequency
for moderate-intensity physical activity seems to be daily, and for vigorous activity every other day.

Introduction
The prevalence of obesity has increased rapidly
throughout the word during the past 20 years
(International Obesity Task Force, 1998). In Europe, the prevalence of obesity in adults varies
between less than 10 to more than 30% (International Obesity Taskforce, 2003). Among European
13- and 15-year-old adolescents, the prevalence of
overweight varies between 5 and 20%, depending on
country, sex and age (Lissau et al., 2004). The
highest prevalence is seen in South-East Europe in
adults, as well as in adolescents (International
Obesity Taskforce, 2003; Lissau et al., 2004).
Obesity is related to an increased risk of many
chronic diseases, namely cardiovascular heart diseases, type 2 diabetes, hypertension, stroke and
cancers in colon and breast (International Obesity
Taskforce, 1998). The risk of all of these diseases can
be lowered by increased physical activity (US
Department of Health and Human Services,
1996). Therefore, physical activity may prevent
obesity-related diseases by two mechanisms, that is,

by improving weight control (prevention of weight
gain, increased weight loss) and by improving the
metabolic profile associated with obesity.
Physical activity and primary prevention of
weight gain
A systematic analysis on the associations between
physical activity and weight change has been carried
out (Fogelholm & Kukkonen-Harjula, 2000). This
review identified sixteen prospective, observational
studies. The mean duration of the follow-up was
approximately 7 years, with a range from 2 to 21
years. The outcomes were grouped according to
when physical activity data were collected, that is,
whether baseline, follow-up or change (from baseline
to follow-up) in physical activity was compared
against change in weight. Results from the studies
using baseline physical activity data were inconsistent. Three studies (Klesges et al., 1992; Owens
et al., 1992; Haapanen et al., 1997) reported that a
large volume of physical activity predicted smaller
weight change. High baseline work activity was
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associated with less weight gain in one study
(Klesges et al., 1992). In contrast, two studies
reported that a large volume of vigorous physical
activity at baseline was associated with greater
weight gains (Klesges et al., 1992; Bild
et al., 1996). Finally, three studies did not find a
significant association between baseline total physical activity (Williamson et al., 1993; Parker et al.,
1997), or TV/VCR watching (Crawford et al.,
1999), and the magnitude of weight change.
The results with physical activity data at follow-up
were more consistent: four studies found that a large
volume of physical activity or exercise (Haapanen
et al., 1997; Williamson et al., 1993; Rissanen et al.,
1991; Barefoot et al., 1998) at follow-up was
associated with less weight gain. Only one study
(Heitmann et al., 1997) did not find such an
association. Many studies used data on physical
activity from both baseline and follow-up. About
half of the studies reported that an increase in
physical activity was associated with less weight
gain (Owens et al., 1992; Haapanen et al., 1997;
Williamson et al., 1993; Taylor et al., 1994; Coakley
et al., 1998; Guo et al., 1999; Fogelholm et al.,
2000a).
In conclusion, individuals who maintain or increase their physical activity also show the best
weight control over a period of several years. Physical
activity at baseline of prospective studies does not
consistently predict weight change, perhaps because
of changes in physical activity during the follow-up.
Unfortunately, the prospective studies did not allow
quantification of, for example, time and/or energy
expenditure needed for prevention of weight gain.
Physical activity for weight reduction
A recent systematic review (Fogelholm, 2005)
looked at the effects of walking on weight reduction
in obese participants, with or without an energyrestricted diet. Most of the weight-reduction studies
used a low-energy diet (5 /7 MJ/day or 1200 /
1700 kcal/day), that is, the comparison was between
diet only vs. diet/walking. The prescribed amount
of walking varied between 150 and 225 min/wk,
except for some studies with ‘‘high amount’’
(300 min/wk) of walking. In all studies the mean
weight reduction (after 3 /6 months’ treatment) was
numerically better (by 0.3 /2.1 kg) when walking
was added to diet, but due to a large inter-individual
variation this difference was not statistically significant. In earlier systematic reviews (Garrow &
Summerbell, 1995; Wing, 1999) a combined exercise and diet group showed approximately 2 kg
better weight reduction than the diet only group.
Hence, a physical activity program, added to a lowenergy diet and with prescribed total duration

corresponding to 150 /225 min/wk brisk walking, is
expected to improve the average weight reduction by
1 /2 kg during 3/6 months.
The difference between walking only vs. control
group, without added diet, seems to be as large
(approximately 2 kg) as for diet/exercise vs. diet
(Fogelholm, 2005). Again, because of large interindividual variation, the between group differences
were not usually significant. According to earlier
reviews (Garrow & Summberbell, 1995; Wing,
1999; Ross & Janssen, 2001) the expected weight
loss with 150 /200 min of any moderate exercise
should be approximately 3 kg in studies with 3/6
months’ duration.
Observational studies show that physical activity is
efficacious for the management of obesity, if enough
exercise is undertaken. Jeffery et al. (2003) reported
that the actual change in total physical activity was
positively correlated with weight reduction. Two
other studies (Irwin et al., 2003; Jakicic et al.,
2003) used post hoc analyses to quantitatively relate
weight reduction with completed walking. Both
studies showed a clear dose-response relation with
the largest reduction in weight and total body fat in
subjects walking more than 195 (Irwin et al., 2003)
or 220 (Jakicic et al., 2003) min/wk.
One important study with walking solely in a
fitness center needs to be mentioned: Kraus et al.
(2002) found that walking or jogging 19 km/wk did
not result in a significant weight change ( /0.4 kg) in
overweight and obese subjects, whereas 32 km/wk
jogging did (/1.5 kg). This happened despite the
fact that the participants were asked to maintain
stable weight. The lower and higher amount corresponds to approximately 190 and 320 min/wk walking, respectively.
Studies comparing different kinds of physical
activity (walking) prescriptions (long vs. short bouts;
walking integrated freely into daily routines vs.
structured and planned walking; at home or groupbased) have been assessed in systematic reviews
(Fogelholm, 2005; Hardman, 2001). The prescribed
duration for walking was 90/200 min/wk. Fractionization (splitting the daily dose into 10 /20-min
periods instead of 30 min or longer) had a similar
effect on weight loss than exercising one longer bout
daily.
In conclusion, moderate-intensity (e.g. walking)
physical activity during diet-induced weight reduction leads to modest improvements in weight,
abdominal fat and total fat loss. However, if the
prescribed level is 150 /200 min/wk, the mean response is not very often significantly different from
zero. Hence, 250 /300 min/wk (or 35 /45 min daily)
seems more suitable for weight reducing purposes.
This recommendation is close to the 45 min/day
recommended in a report from an expert panel
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(Saris et al., 2003). Splitting the daily physical
activity into multiple shorter (10 /20 min) periods
leads to a weight loss similar to that achieved by
walking an identical daily duration in one single
period.
Assuming basal energy expenditure (BEE) to be
1 kcal/kg per hour and the intensity of brisk walking
to 5 METs (5 times BEE) [Ainsworth et al., 2000],
150-min walking for a 70-kg individual corresponds
to an energy expenditure of 2.5 h/5 kcal/(kg /h) /
70 kg /875 kcal, 200 min /1170 kcal, 250 min /
1460 kcal and 300 min /1750 kcal. Roughly speaking an exercise-induced weekly energy expenditure
of 1000 kcal (4.2 MJ) is not enough for weight
reducing purposes, whereas 1500 kcal (6.3 MJ) is
the minimum recommendation.
Physical activity for maintenance of reduced
body weight
Weight reduction is typically successful up to 6
months, regardless of whether the technique is
diet, (Wing et al., 1998; Willett, 2003) exercise
(Jakicic et al., 2003) or a combination (Jeffery et al.,
2003; Wing et al., 1998). Unfortunately, maintenance of the reduced body weight is difficult and a
majority of weight-reduced individuals will return
towards or even beyond their initial body weight
within a few years (Fogelholm & Kukkonen-Harjula,
2000).
A few researchers have studied the effects of
prescribed walking, as a part of a weight-maintenance intervention, on weight regain after substantial
weight loss (for systematic reviews, see Fogelholm &
Kukkonen-Harjula, 2000; Fogelholm, 2005). The
prescribed duration of walking varied between
150 and 300 min/wk. In one study (Fogelholm
et al., 2000b), the lower dose (150 min/wk) prevented weight gain better (3.5 kg or 130 g/month)
than the control treatment, whereas a higher dose
(300 min/wk) was not different from the control.
Borg et al. (2002) did not find a difference between
walking (about 225 min/wk), resistance training or
control intervention. Finally, a weight-focused intervention was significantly (2.1 kg or 350 g/month)
better than an exercise-focused (mostly walking,
150 min/wk) program (Leermakers et al., 1999).
Several observational studies and post hoc analyses have shown a positive dose-response between
the amount (energy expenditure or duration) of
physical activity and weight-loss maintenance (for a
systematic review, see Fogelholm & KukkonenHarjula, 2000). Some of these studies included
walking as the main component of physical activity
(Jakicic et al., 2003; Fogelholm et al., 2000b; Borg
et al., 2002; Leermakers et al., 1999; Andersen et al.,
1999). The results are clear: the greater the duration
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or energy expenditure of completed walking (min/
week or kJ/week), the better the maintenance of
reduced body weight.
Some studies have estimated the amount of total
exercise (Andersen et al., 1999; McGuire et al.,
1999) or walking (Borg et al., 2002), which is
associated with weight-loss maintenance. The results
are surprisingly similar: an average exercise energy
expenditure of 9 /10 MJ/wk (2200/2400 kcal/wk),
corresponding to walking 70 /80 min/day, seems
to be associated with stable weight (9/1 kg for
more than 1 year) after substantial weight reduction.
These estimates corroborate with the recommendation by Saris et al. (2003). However, it should
be noted that a smaller amount of walking may
slow down, although not prevent, weight regain
(Fogelholm & Kukkonen-Harjula, 2000; Jeffery
et al., 2003; Fogelholm et al., 2000b).
In conclusion, the expected weight loss with 150 /
200 min/wk of moderate-intensity exercise should be
2 /3 kg in studies with 3/6 months’ duration.
Hence, 250 /300 min/wk (or 35 /45 min daily)
seems more suitable for weight reducing purposes.
Splitting the daily walking into multiple shorter (10 /
20-min) periods leads to a similar weight loss
compared with exercising an identical daily duration
in one single period. For maintenance of reduced
body weight, more than 60 min of moderate exercise
per day after weight reduction might be needed.

The role of physical activity in adipose tissue
metabolism and loss of subcutaneous vs.
visceral fat in obese persons
Exercise and adipose tissue metabolism
An acute bout of exercise increases hydrolysis of
triacylglycerol (lipolysis) in adipose tissue as well as
oxidation of lipid in skeletal muscle in lean and obese
persons (Horowitz & Klein, 2000; Stich et al., 2000;
van Hall et al., 2002; Richterova et al., 2004;
Mittendorfer et al., 2004). Comparisons of adipose
tissue metabolism between obese and lean subjects
are difficult to make due to the inherent difference in
adipose tissue mass, but data indicate that submaximal exercise increases adipose tissue lipolysis
per kg of adipose tissue less in obese subjects than in
lean subjects (Mittendorfer et al., 2004). However,
due to the higher amount of adipose tissue in the
obese subjects, the exercise-induced increase in total
adipose tissue lipolysis is generally not blunted in
obese subjects. In situ studies suggest that acute
exercise in lean subjects stimulates subcutaneous,
abdominal adipose tissue lipolysis more in women
than in men (Arner et al., 1990; Hellström et al.,
1996), but it is not clear, whether this difference is
also present in obese subjects.

Downloaded By: [Deutsche Sporthochschule Koeln] At: 16:42 7 November 2007

18

M. Fogelholm et al.

During exercise, adipose tissue lipolysis is stimulated by an increased sympatho-adrenergic activity,
and chronic endurance training has been found to
increase the in situ lipolytic sensitivity to catecholamines in subcutaneous, abdominal adipose tissue of
obese men (Stich et al., 1999), whereas no change
has been found in obese women (Richterova et al.,
2004). After a period of training subjects are able to
exercise at a higher absolute intensity and probably
due to this, in situ lipolysis has been found to be
higher after training in obese women (Richterova
et al., 2004) as well as in overweight (de Glisezinski,
et al., 2003) and obese (Stich et al., 1999) men.
Exercise and fat loss
The increase in adipose tissue lipolysis in response to
acute as well as chronic endurance exercise indicates
that endurance training could be able to promote a
loss of adipose tissue in obese subjects, and indeed
this has been shown to be the case (Ross & Janssen,
2001; Irwin et al., 2003; Donnelly, et al., 2003;
Gutin et al., 2002; Slentz et al., 2004; Gan et al.,
2003; Ross et al., 2000, 2004). Also, it has been
found in short-term studies (5/16 weeks) that fat
loss increases with amount of energy spent on
exercise (Ross & Janssen, 2001; Irwin et al., 2003;
Slentz et al., 2004). Exercise-training-induced fat
loss is usually more prominent in men compared
with women (Donnelly et al., 2003) and varies
positively with initial body fat levels (Ballor &
Keesey, 1991). This might be due a greater compensation in energy intake by women compared with
men and by lean compared with obese people.
In situ studies suggest that acute exercise in lean
subjects stimulates adipose tissue lipolysis more in
subcutaneous abdominal than femoral/gluteal adipose tissue (Arner et al., 1990; Horowitz et al.,
2000). It is not clear, if this site difference is also
present in obese subjects. Lipolytic sensitivity towards catecholamines is higher in intra-abdominal
than in subcutaneous adipose tissue, and this could
indicate that acute exercise would stimulate lipolysis
more in visceral compared with subcutaneous adipose tissue. Visceral adipose tissue lipolysis is indeed
stimulated during acute exercise (van Hall et al.,
2002), but the relative increase in visceral compared
with subcutaneous adipose tissue lipolysis during
exercise has not been thoroughly evaluated.
Loss of subcutaneous abdominal fat versus limb fat
As potential site differences in adipose tissue lipolysis
exist, exercise training could influence fat depots
differently, and this has been evaluated in several
recent, well-controlled studies, where previously
sedentary overweight and obese subjects performed

endurance training but did not diet. In one study an
8-month training program of middle-aged men
and women reduced subcutaneous abdominal
and limb skinfolds to the same extent (‘‘low amount’’
/1250 kcal/week: /9%; ‘‘high amount’’ /2000
kcal/week: /19%) (Slentz et al., 2004). In another
study men participating in a 10-week training
program ( /160 min/week of moderate intensity
exercise) showed a decrease in limb fat mass by
/3% and a decrease in abdominal fat mass by /5%
as determined by DXA scanning (Gan et al., 2003).
Magnetic resonance imaging (MRI) further showed,
that both the visceral and the subcutaneous, abdominal adipose tissue was reduced by /5%.
In conclusion, according to the mentioned as well
as previous studies in obese and overweight subjects
(Ross et al., 2002), there does not seem to be a large
variation in training-induced loss of subcutaneous
abdominal fat and limb fat.
Loss of visceral fat versus subcutaneous fat
In other recent studies the focus has been on the
relative loss of visceral versus subcutaneous adipose
tissue. A 3-month training program (4900 kcal/
week) in men decreased visceral adipose tissue
mass by /1 kg ( /28%) and whole-body subcutaneous adipose tissue mass by /4 kg (/17%) (Ross
et al., 2000). The relative reduction in visceral
adipose tissue was significantly higher than the
relative reduction in subcutaneous adipose tissue.
Similarly, a 3-month training program (3500 kcal/
week) in women decreased visceral adipose tissue
mass by a little less than 1 kg (/30%) and wholebody subcutaneous adipose tissue mass by /6 kg
(/15%) (Ross et al., 2004). In another study young
men and women were randomized to either a 16month training program consisting mainly of walking (2000 kcal/week) or to continue their sedentary
living (Donnelly et al., 2003). In women the training
program induced a significantly higher loss of total
and subcutaneous abdominal fat in the intervention
group than in the control group, but a significant
change in visceral fat was not seen. In men a
significant change in abdominal fat was not seen.
In another study obese adolescents were randomized to either physical training and lifestyle education or lifestyle education alone for 8 months, and
those who trained ]/2 days/week (]/500 kcal/week)
lost a significantly higher amount of whole body and
visceral fat, but not subcutaneous abdominal fat,
than the control group (Gutin et al., 2002). Furthermore, in postmenopausal women a 12-month training program ( /175 min/week of moderate intensity
exercise) reduced abdominal subcutaneous (5%) as
well as visceral (6%) fat significantly (Irwin et al.,
2003).
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In conclusion, it is apparent that the picture, with
regards training-induced loss in visceral compared to
subcutaneous fat, is not entirely clear, but many of
the mentioned as well as previous studies (Ross
et al., 2002) found a more pronounced traininginduced loss of visceral compared to subcutaneous
fat in overweight and obese subjects.
Physical activity and comorbidities of obesity
Overweight and obesity, and visceral fat in particular, are associated with a considerably increased risk
of co-morbidities, such as type 2 diabetes, hypertension and cardiovascular disease (National Institutes
of Health and National Heart, Lung and Blood
Institute, 1998). In 1999 the role of physical activity
in the prevention and treatment of these co-morbidities was reviewed by a consensus committee of the
American College of Sports Medicine and a consensus statement was published (Grundy et al.,
1999). Since then, additional randomized controlled
trials (RCTs) and meta-analyses on this topic have
been published. These will be included in this report
and conclusions based on the currently available
evidence will be drawn.
Insulin resistance, impaired glucose tolerance and type 2
diabetes
The ACSM consensus committee stated in 1999
that physical activity improves insulin action, and
thus reduces insulin resistance in obese subjects.
Alone or in combination with weight loss it retards
the transition from impaired glucose tolerance to
type 2 diabetes (Grundy et al., 1999). This statement was based on a limited number of RCTs and
mostly based on non-randomized studies (Kelley &
Goodpaster, 1999). Since then, several RCTs on the
effects of exercise on insulin resistance in overweight
and obese subjects have been published.
Two RCTs by Ross and colleagues in overweight
and obese men (BMI /27 kg/m2; n /52) (Ross
et al., 2000) and women (n /54) (Ross et al.,
2004) compared the effects of 12 weeks of exercise
(700 [men] or 500 [women] kcal/day of brisk
walking or jogging) with that of diet-induced weight
loss or control. They found that similar exercise- and
diet-induced weight loss (8%) improves insulin
sensitivity in overweight and obese men and women
to a similar extent, but exercise without weight loss
had no effect. Insulin sensitivity was measured 4
days after the last exercise bout and thus the shortlived effects of an acute exercise bout (1/3 days)
were not measured.
McAuley et al. (2002) performed an RCT in 79
overweight insulin-resistant men and women comparing a moderate (according to current guidelines)
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and an intensive (low saturated and total fat intake,
high fiber intake, exercise at least 5 / per week for
20 min at 80 /90% of maximal heart rate) lifestyle
modification including diet and exercise on insulin
sensitivity. Both groups lost a comparable amount of
weight (3 /5 kg) and waist circumference after 4
months’ intervention, but insulin sensitivity was only
improved significantly in the intensive intervention
group.
An RCT in 154 sedentary overweight and obese
(25 /35 kg/m2) subjects by Houmard et al. (2004)
compared three groups with different volumes and
intensities of exercise (12 miles/wk walking at 40 /
55% VO2peak, 12 miles/wk jogging at 65 /
80% VO2peak or 20 miles/wk jogging at 65 /80%
VO2peak) and a control group after a 6-month
intervention. Weight loss was kept at a minimum,
but was not completely prevented. Insulin sensitivity
was measured approximately 24 h after the last
exercise bout. Insulin sensitivity increased in all
three intervention groups. The increase was larger
with longer total exercise duration.
Stewart et al. (2005) studied in an RCT in 115
overweight and obese men and women between 55
and 75 years, the effect of a 6-month exercise
training program (exercise sessions 3 / per week
according to ACSM guidelines) on insulin sensitivity. Body weight and body fat were significantly
reduced, but no change in insulin sensitivity was
found. However, changes in abdominal body fat
were negatively correlated with changes in insulin
sensitivity.
Three large RCTs, the Da Qing trial, the Finnish
Diabetes Prevention Study (DPS) and the Diabetes
Prevention Program Research trial, have provided
convincing evidence that lifestyle intervention, including regular exercise and moderate diet-induced
weight loss, can prevent or delay progression to type
2 diabetes in subjects with impaired glucose tolerance, who are usually also overweight or obese (Pan
et al., 1997; Lindstrom et al., 2003; Knowler et al.,
2002). In addition the Da Qing trial showed that this
effect was similar with an exercise intervention alone
and that the effect was the same in lean and
overweight individuals (Pan et al., 1997). A secondary analysis of the Finnish DPS trial showed that a
higher level of leisure time physical activity reduced
the risk of developing type 2 diabetes independent of
changes in diet or body weight (Laaksonen et al.,
2005).
In conclusion, weight loss improves insulin sensitivity in overweight and obese individuals independent of the way the weight loss is attained (diet or
exercise). An acute exercise bout also improves
insulin sensitivity, but this effect is short-lived (1/3
days) and therefore requires very regular exercise.
Consistent evidence that exercise training alone has
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a more long-lasting effect on insulin sensitivity is
lacking. Regular exercise prevents or delays the
progression to type 2 diabetes in overweight and
obese individuals with impaired glucose tolerance
even in the absence of changes in body weight.

to an energy-reduced diet did not reduce blood
pressure significantly more than diet alone. The
effect of exercise alone is often not large enough to
fully normalize blood pressure in patients with
hypertension. Additional RCTs since 1999 have
not changed this general picture.

Dyslipidemia
In 1999 it was concluded that in order to raise HDL
cholesterol and reduce triglyceride concentrations by
physical activity in overweight and obese individuals,
a moderate weight loss of at least 4.5 kg has to be
attained (Grundy et al., 1999). Beneficial effects on
LDL are only seen in combination with weight loss
induced by a low fat weight-reducing diet.
Two meta-analyses have recently been published
on this topic (Carroll & Dudfield, 2004; Kelley et al.,
2005). Conclusion of the meta-analysis by Carroll
and Dudfield (Carroll & Dudfield, 2004), based on
15 RCTs, is that longer term regular supervised
exercise training of moderately vigorous intensity,
even in the absence of clinically significant weight
loss (B/5% of body weight) is associated with modest
improvements in the dyslipidemic profile, by raising
HDL cholesterol (/4.6%) and lowering triglycerides (TG) (/21%) among middle-aged and older
overweight/obese adults, but that exercise alone may
not be sufficient to normalize the atherogenic
dyslipidemia associated with the metabolic syndrome.
Based on their meta-analysis including 13 RCTs
in overweight or obese subjects, which included only
three of the RCTs from the meta-analysis of Carroll
and Dudfield, Kelley et al. (2005) conclude that
aerobic exercise decreases TG ( /11%) in overweight and obese adults independent of changes in
body weight. However, the authors mention that
there is no consensus to support a reduction of
cardiovascular risk with the reduction of TG observed. LDL and HDL cholesterol changes were not
significant, but they were associated with changes in
body weight.
In conclusion, exercise reduces TG and possibly
increases HDL levels in overweight and obese
subjects even in the absence of significant weight
loss. Reduction in LDL concentration, which is
currently the primary target for therapy in dyslipidemia, appears to be dependent on weight loss.
Hypertension
The evidence, that aerobic exercise reduces blood
pressure independent of weight loss and initial body
mass index, was already strong in 1999 (Grundy
et al., 1999). The mean blood pressure reduction
was /3.4/ /2.4 mmHg, but was larger in hypertensive than normotensive individuals. Adding exercise

Metabolic syndrome
The metabolic syndrome is a cluster of risk factors,
including abdominal obesity, hypertriglyceridemia,
low HDL, hypertension and insulin resistance,
associated with increased risk of type 2 diabetes
and cardiovascular disease (Roberts & Barnard,
2005). In the US 4.6, 22.4, and 59.6% of normal
weight, overweight and obese men have the metabolic syndrome (Park et al., 2003). Physical inactivity in people with the metabolic syndrome is
associated with an even greater risk.
The Oslo Diet and Exercise study is an RCT in
219 men and women with the metabolic syndrome
(BMI /24 kg/m2 and elevated diastolic blood pressure, triglycerides, total cholesterol and low HDL
cholesterol) and compared the effects of a 1-year
intervention (exercise alone, exercise plus energyrestricted diet, energy restriction alone or control) on
changes in insulin resistance. The exercise intervention did not change insulin resistance, but it was
reduced in both energy-restricted groups (Torjesen
et al., 1997).
In an RCT, Watkins et al. (2003) studied the effect
of a 6-month intervention with exercise only (3/4
times per week for 35 min at 70 /85% HRR) or diet
and exercise in 53 subjects with the metabolic
syndrome. Body weight reduction was more pronounced in the diet and exercise group compared to
the exercise only group and so was insulin resistance.
Diastolic blood pressure was only reduced in the diet
and exercise group, plasma lipid profile was not
affected by either intervention (Watkins et al., 2003).
Christ et al. (2004) performed a non-randomized
study in 52 hypertensive men and women with the
metabolic syndrome and compared the effects of
diet-induced weight loss with or without aerobic
exercise (2 times per week for 40 min at 60 /80%
HRR) over a period of 36 months. Both interventions reduced body weight, waist-to-hip ratio,
plasma triglycerides, HbA1C, and increased HDL
cholesterol compared to a control group that only
received blood pressure treatment with an ACE
inhibitor. The addition of exercise to the diet did
not result in further improvements of the metabolic
parameters.
Katzmarzyk et al. (2003) performed a subanalysis
of participants of the HERITAGE Family Study
with the metabolic syndrome at baseline (n /105).
This is a non-randomized trial on the effect of
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exercise (3 times per week for 30 /50 min at 50 /70%
VO2max) on risk factors for cardiovascular disease
and type 2 diabetes in sedentary adults. After the 20week intervention 30% of the participants with
metabolic syndrome at baseline were no longer
classified as having the metabolic syndrome.
A secondary analysis of the Diabetes Prevention
Program RCT in 3234 subjects with impaired
glucose tolerance showed that the lifestyle intervention (designed to achieve and maintain a 7% weight
loss and 150 min of exercise per week) reduced the
development of the metabolic syndrome among
those subjects (45%) that did not have metabolic
syndrome at baseline by 41% (Orchard et al., 2005).
In conclusion, the above overview shows that
physical activity will help to lower risk of insulin
resistance, type 2 diabetes, dyslipidemia, hypertension and the metabolic syndrome in overweight and
obese individuals and that more pronounced effects
can be attained in combination with maintained
weight loss.

Recommendations
How much physical activity is efficacious for the
management of obesity?
The recommended amount of physical activity for
the management of obesity depends on several
issues, such as the magnitude of desired outcome,
recent history of weight change and dietary habits.
The amount of 150 /200 min/wk (25 /30 min daily)
moderate-intensity activity may improve cardiorespiratory fitness (in unfit individuals) and insulin
sensitivity, but a marked effect on weight, body
composition or fat distribution should not be expected in most individuals. Increasing the total
duration of physical activity to about 250 /300 min/
wk (35 /45 min daily) should bring about beneficial
changes in weight, body composition and HDLcholesterol. Possibly much more than 300 min/wk of
moderate physical activity may be needed to prevent
weight regain after substantial weight loss. It must be
noted, however, that since weight change is a
function of energy balance, the daily dietary energy
intake has a substantial effect on the level of physical
activity needed for weight control.
Is moderate physical activity enough for management of
obesity?
An important question is if moderate physical
activity is enough, or whether more vigorous activity
is needed for better weight control and health. The
added impact of high-intensity activity (vs. moderate
intensity) on weight and insulin sensitivity seems
negligible (provided energy expenditure is kept
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constant) [Houmard et al., 2004]. High-intensity
activity may have an additional positive effect on
LDL-lipoproteins (Kraus et al., 2002; Halbert et al.,
1999). Nevertheless, some cross-sectional studies
show that a combination of high duration of both
walking activity (or low duration of leisure inactivity)
and vigorous exercise activity is optimal for weight
control (Martinez-Gonzalez et al., 1999) and prevention of cardiovascular heart diseases (Manson et
al., 2002). Moreover, individuals who are successful
at long-term maintenance of substantial body weight
loss, expend almost 30% of their weekly physical
activity energy in vigorous activities, such as running
(Klem et al., 1997). Some high-intensity activities
might simply be needed to increase the total energy
expenditure up to efficacious levels. Perhaps walking
or other moderate-intensity activities as the only
mode of physical activity are too time-consuming.
The recommendations are as follows:
. Dose (amount, volume) corresponding to an
energy expenditure of 1500 /1750 kcal/week
(e.g. 250 /300-min brisk walking weekly) during weight reduction and suggestively also for
primary prevention of weight gain; 2000 /
2500 kcal/week (e.g. 400 /500 min brisk walking weekly) may be needed to prevent weight
regain after weight reduction.
. The intensity of physical activity should perhaps
be at least moderate (/30 /40% VO2max) to
cause metabolic health benefits. High intensity
exercise (/70% VO2max) may bring additional
health benefits for lipid metabolism, but not for
any other outcome variables.
. A suitable frequency for moderate-intensity
physical activity seems to be daily, and for
vigorous activity every other day.
. The daily dose can be split into shorter (10 /
20 min) segments without a loss of health
responses.
. Lifestyle activity leads, when performed at
sufficient intensity, to similar effects on weight
and metabolic health as more structured (aerobic) exercise with the same intensity and
volume.
. Strength (resistance) training improves muscle
fitness without compromising metabolic health.
Therefore, strength training is a natural component of a health-enhancing physical activity
recommendation.

References
Ainsworth, B.E., Haskell, W.L., Whitt, M.C., Irwin, M.L.,
Swartz, A.M., Strath, S.J., et al. (2000). Compendium of
physical activities: an update of activity codes and MET

Downloaded By: [Deutsche Sporthochschule Koeln] At: 16:42 7 November 2007

22

M. Fogelholm et al.

intensities. Medicine & Science in Sports & Exercise , 32 (9
Suppl), S498 /S504.
Andersen, R.E., Wadden, T.A., Bartlett, S.J., Zemel, B., Verde,
T.J., & Franckowiak, S.C. (1999). Effects of lifestyle activity vs
structured aerobic exercise in obese women. A randomized
trial. Journal of the American Medical Association , 281 (4), 335 /
340.
Arner, P., Kriegholm, E., Engfeldt, P., & Bolinder, J. (1990).
Adrenergic regulation of lipolysis in situ at rest and during
exercise. Journal of Clinical Investigation , 85 , 893 /898.
Ballor, D.L., & Keesey, R.E. (1991). A meta-analysis of the
factors affecting exercise-induced changes in body mass, fat
mass and fat-free mass in males and females. International
Journal of Obesity, 15 , 717 /726.
Barefoot, J.C., Heitmann, B.L., Helms, M.J., Williams, R.B.,
Surwit, R.S., & Siegler, I.C. (1998). Symptoms of depression
and changes in body weight from adolescent to mid-life.
International Journal of Obesity, 22 , 688 /694.
Bild, D.E., Sholinsky, P., Smith, D.E., Lewis, C.E., Hardin, J.M.,
& Burke, G.L. (1996). Correlates and predictors of weight loss
in young adults: the CARDIA study. International Journal of
Obesity, 20 , 47 /55.
Borg, P., Kukkonen-Harjula, K., Fogelholm, M., & Pasanen, M.
(2002). Effects of walking or resistance training on weight loss
maintenance in obese, middle-aged men: a randomized trial.
International Journal of Obesity, 26 (5), 676 /683.
Carroll, S., & Dudfield, M. (2004). What is the relationship
between exercise and metabolic abnormalities? A review of the
metabolic syndrome. Sports Medicine , 34 , 371 /418.
Christ, M., Iannello, C., Iannello, P.G., & Grimm, W. (2004).
Effects of a weight reduction program with and without aerobic
exercise in the metabolic syndrome. International Journal of
Cardiology, 97 , 115 /122.
Coakley, E.H., Rimm, E.B., Colditz, G., Kawachi., I., & Willett,
W. (1998). Predictors of weight change in men: results from the
health professionals follow-up study. International Journal of
Obesity, 22 , 89 /96.
Crawford, D.A., Jeffery, R.W., & French, S.A. (1999). Television
viewing, physical inactivity and obesity. International Journal of
Obesity, 23 , 437 /440.
de Glisezinski, I., Moro, C., Pillard, F., Marion-Latard, F.,
Harant, I., Meste, M., et al. (2003). Aerobic training improves
exercise-induced lipolysis in SCAT and lipid utilization in
overweight men. American Journal of Physiology / Endocrinology
and Metabolism , 285 (5), E984 /E990.
Donnelly, J.E., Hill, J.O., Jacobsen, D.J., Potteiger, J., Sullivan,
D.K., Johnson, S.L., et al. (2003). Effects of a 16-month
randomized controlled exercise trial on body weight and
composition in young, overweight men and women: the Midwest Exercise Trial. Archives of Internal Medicine , 163 (11),
1343 /1350.
Fogelholm, M. (2005). Walking for the management of obesity.
Disease Management and Health Outcomes , 13 , 9 /18.
Fogelholm, M., & Kukkonen-Harjula, K. (2000). Does physical
activity prevent weight gain / a systematic review. Obesity
Reviews , 1 , 95 /111.
Fogelholm, M., Kujala, U., Kaprio, J., & Sarna, S. (2000a).
Predictors of weight change in middle-aged and old men.
Obesity Research , 8 , 367 /373.
Fogelholm, M., Kukkonen-Harjula, K., Nenonen, A., & Pasanen,
M. (2000b). Effects of walking training on weight maintenance
after a very-low-energy diet in premenopausal obese women. A
randomized controlled trial. Archives of Internal Medicine , 160 ,
2177 /2184.
Gan, S.K., Kriketos, A.D., Ellis, B.A., Thompson, C.H., Kraegen, E.W., & Chisholm, D.J. (2003). Changes in aerobic
capacity and visceral fat but not myocyte lipid levels predict

increased insulin action after exercise in overweight and obese
men. Diabetes Care , 26 , 1706 /1713.
Garrow, J.S., & Summerbell, C.D. (1995). Meta-analysis: effect of
exercise, with or without dieting, on the body composition of
overweight subjects. European Journal of Clinical Nutrition , 49 ,
1 /10.
Grundy, S.M., Blackburn, G., Higgins, M., Lauer, R., Perri,
M.G., & Ryan, D. (1999). Physical activity in the treatment of
obesity and its comorbidities. Medicine & Science in Sports &
Exercise , 11 (Suppl), S502 /S508.
Guo, S.S., Zeller, C., Chumlea, W.C., & Siervogel, R.M. (1999).
Aging, body composition, and lifestyle: the Fels Longitudinal
Study. American Journal of Clinical Nutrition , 70 , 405 /411.
Gutin, B., Barbeau, P., Owens, S., Lemmon, C.R., Bauman, M.,
Allison, J., et al. (2002). Effects of exercise intensity on
cardiovascular fitness, total body composition, and visceral
adiposity of obese adolescents. American Journal of Clinical
Nutrition , 75 (5), 818 /826.
Haapanen, N., Miilunpalo, S., Pasanen, M., & Vuori, I. (1997).
Association between leisure time physical activity and 10-year
body mass change among working-aged men and women.
International Journal of Obesity, 21 , 288 /296.
Halbert, J.A., Silagy, C.A., Finucane, P., Withers, R.T., &
Hamdorf, P.A. (1999). Exercise training and blood lipids in
hyperlipidemic and normolipidemic adults: A meta-analysis of
randomized, controlled trials. European Journal of Clinical
Nutrition , 53 , 514 /522.
Hardman, A. (2001). Issues of fractionization of exercise (short vs
long bouts). Medicine & Science in Sports & Exercise , 33 , S421 /
S427.
Heitmann, B.L., Kaprio, J., Harris, J.R., Rissanen, A., Korkeila,
M., & Koskenvuo, M. (1997). Are genetic determinants of
weight gain modified by leisure-time physical activity? A
prospective study of Finnish twins. American Journal of Clinical
Nutrition , 66 , 672 /678.
Hellström, L., Blaak, E., & Hagström-Toft, E. (1996). Gender
differences in adrenergic regulation of lipid mobilization during
exercise. International Journal of Sports Medicine , 17 , 439 /447.
Horowitz, J.F., & Klein, S. (2000). Oxidation of nonplasma fatty
acids during exercise is increased in women with abdominal
obesity. Journal of Applied Physiology, 89 , 2276 /2282.
Horowitz, J.F., Leone, T.C., Feng, W., Kelly, D.P., & Klein, S.
(2000). Effect of endurance training on lipid metabolism in
women: a potential role for PPARalpha in the metabolic
response to training. American Journal of Physiology / Endocrinology and Metabolism , 279 , E348 /E355.
Houmard, J.A., Tanner, C.J., Slentz, C.A., Duscha, B.D.,
McCartney, J.S., & Kraus, W.E. (2004). Effect of volume and
intensity of exercise training on insulin sensitivity. Journal of
Applied Physiology, 96 , 101 /106.
International Obesity Task Force (IOTF). (1998). Obesity.
Preventing and managing the global epidemic. WHO/NUT/
NCB/98.1. Geneva: World Health Organization.
International Obesity Taskforce (2003). (www.iotf.org), personal
communication.
Irwin, M.L., Yasui, Y., Ulrich, C.M., Bowen, D., Rudolph, R.E.,
Schwartz, R.S., et al. (2003). Effect of exercise on total and
intra-abdominal body fat in postmenopausal women: a randomized controlled trial. Journal of the American Medical Association , 289 (14), 323 /330.
Jakicic, J.M., Marcus, B.H., Gallagher, K.I., Napolitano, M., &
Lang, W. (2003). Effect of exercise duration and intensity on
weight loss in overweight, sedentary women. A randomized
trial. Journal of the American Medical Association , 290 (10),
1323 /1330.
Jeffery, R.W., Wing, R.R., Sherwood, N.E., & Tate, D.F. (2003).
Physical activity and weight loss: does prescribing higher

Downloaded By: [Deutsche Sporthochschule Koeln] At: 16:42 7 November 2007

ECSS position statement
physical activity goals improve outcome? American Journal of
Clinical Nutrition , 78 (4), 684 /689.
Katzmarzyk, P.T., Leon, A.S., Wilmore, J.H., Skinner, J.S., Rao,
D.C., Rankinen, T., et al. (2003). Targeting the metabolic
syndrome with exercise: evidence from the HERITAGE Family
Study. Medicine & Science in Sports & Exercise , 35 , 1703 /1709.
Kelley, D.E., & Goodpaster, B.H. (1999). Effects of physical
activity on insulin action and glucose tolerance in obesity.
Medicine & Science in Sports & Exercise , 11 (Suppl), S619 /
S623.
Kelley, G.A., Kelley, K.S., & Tran, Z.V. (2005). Aerobic exercise,
lipids and lipoproteins in overweight and obese adults: a metaanalysis of randomized controlled trials. International Journal of
Obesity, 29 , 881 /893.
Klem, M.L., Wing, R.R., McGuire, M.T., Seagle, H.M., & Hill,
J.O. (1997). A descriptive study of individuals successful at
long-term maintenance of substantial weight loss. American
Journal of Clinical Nutrition , 66 (2), 239 /246.
Klesges, R.C., Klesges, L.M., Haddock, C.K., & Eck, L.H.
(1992). A longitudinal analysis of the impact of dietary intake
and physical activity on weight change in adults. American
Journal of Clinical Nutrition , 55 , 818 /822.
Knowler, W.C., Barret-Connor, E., Fowler, S.E., Hamman, R.F.,
Lachin, J.M., Walker, E.A., et al. (2002). Reduction in the
incidence of type 2 diabetes with lifestyle intervention or
metformin. The New England Journal of Medicine , 346 , 393 /
403.
Kraus, W.E., Houmard, J.A., Duscha, B.D., Knetzger, K.J.,
Wharton, M.B., McCartney, J.S., et al. (2002). Effects of the
amount and intensity of exercise on plasma lipoproteins. The
New England Journal of Medicine , 347 , 1483 /1492.
Laaksonen, D.E., Lindstrom, J., Lakka, T.A., Eriksson, J.G.,
Niskanen, L., Wikstrom, K., et al. (2005). Physical activity in
the prevention of type 2 diabetes: the Finnish diabetes
prevention study. Diabetes , 54 , 158 /165.
Leermakers, E.A., Perri, M.G., Shigaki, C.L., & Fuller, P.R.
(1999). Effects of exercise-focused versus weight-focused
maintenance programs on the management of obesity. Addictive
Behaviors , 24 (2), 219 /227.
Lindstrom, J., Louheranta, A., Mannelin, M., Rastas, M.,
Salminen, V., Eriksson, J., et al. (2003). The Finnish Diabetes
Prevention Study (DPS) Lifestyle intervention and 3-year
results on diet and physical activity. Diabetes Care , 26 , 3230 /
3236.
Lissau, I., Overpeck, M.D., Ruan, W.J., Due, P., Holstein, B.E., &
Hediger, M.L. (2004). Health Behaviour in School-aged
Children Obesity Working Group. Body mass index and
overweight in adolescents in 13 European countries, Israel,
and the United States. Archives of Pediatrics & Adolescent
Medicine , 158 , 27 /33.
Manson, J.E., Greenland, P., LaCroix, A.Z., Stefanick, M.L.,
Mouton, C.P., Oberman, A., et al. (2002). Walking compared
with vigorous exercise for the prevention of cardiovascular
events in women. The New England Journal of Medicine ,
347 (10), 716 /725.
Martinez-Gonzalez, M.A., Martinez, J.A., Hu, F.B., Gibney, M.J.,
& Kearney, J. (1999). Physical inactivity, sedentary lifestyle and
obesity in the European Union. International Journal of Obesity,
23 , 1192 /1201.
McAuley, K.A., Williams, S.M., Mann, J.I., Goulding, A.,
Chisholm, A., Wilson, N., et al. (2002). Intensive lifestyle
changes are necessary to improve insulin sensitivity. Diabetes
Care , 25 , 445 /452.
McGuire, M.T., Wing, R.R., Klem, M.L., Lang, W., & Hill, J.O.
(1999). What predicts weight regain in a group of successful
weight losers? Journal of Consulting and Clinical Psychology,
67 (2), 177 /185.

23

Mittendorfer, B., Fields, D.A., & Klein, S. (2004). Excess body fat
in men decreases plasma fatty acid availability and oxidation
during endurance exercise. American Journal of Physiology /
Endocrinology and Metabolism , 86 , E354 /E362.
National Institutes of Health and National Heart, Lung and Blood
Institute . (1998). Clinical guidelines on the identification,
evaluation and treatment of overweight and obesity in adults:
the evidence report. Obesity Research , 6 (Suppl 2), 51S /209S.
Orchard, T.J., Temprosa, M., Goldberg, R., Haffner, S., Ratner,
R., Marcovina, S., et al. (2005). The effect of metformin and
intensive lifestyle intervention on the metabolic syndrome: the
Diabetes Prevention Program randomized trial. Annals of
Internal Medicine , 142 , 611 /619.
Owens, J.F., Matthews, K.A., Wing, R.R., & Kuller, L.H. (1992).
Can physical activity mitigate the effects of aging in middleaged women? Circulation , 85 , 1265 /1270.
Pan, X.R., Li, G.W., Hu, Y.H., Wang, J.X., Yang, W.Y., An, Z.X.,
et al. (1997). Effects of diet and exercise in preventing NIDDM
in people with impaired glucose tolerance. The Da Qing IGT
and diabetes study. Diabetes Care , 20 , 537 /544.
Park, Y.W., Zhu, S., Palaniappan, L., Heshka, S., Carnethon,
M.R., & Heymsfield, S.B. (2003). The metabolic syndrome:
prevalence and associated risk factor findings in the US
population from the Third National Health and Nutrition
Examination Survey, 1988 /1994. Archives of Internal Medicine ,
163 , 427 /436.
Parker, D.R., Gonzalez, S., Derby, C.A., Gans, K.M., Lasater,
T.M., & Carleton, R.A. (1997). Dietary factors in relation to
weight change among men and women from two southeastern
New England communities. International Journal of Obesity, 21 ,
103 /109.
Richterova, B., Stich, V., Moro, C., Polak, J., Klimcakova, E.,
Majercik, M., et al. (2004). Effect of endurance training on
adrenergic control of lipolysis in adipose tissue of obese women.
Journal of Clinical Endocrinology and Metabolism , 89 (3), 1325 /
1331.
Rissanen, A.M., Heliovaara, M., Knekt, P., Reunanen, A., &
Aromaa, A. (1991). Determinants of weight gain and overweight in adult Finns. European Journal of Clinical Nutrition , 45 ,
419 /430.
Roberts, C.K., & Barnard, R.J. (2005). Effects of exercise and diet
on chronic disease. Journal of Applied Physiology, 98 , 3 /30.
Ross, R., & Janssen, I. (2001). Physical activity, total and regional
obesity: dose-response considerations. Medicine & Science in
Sports & Exercise , 33 (6 Suppl.), S521 /S527.
Ross, R., Dagnone, D., Jones, P.J., Smith, H., Paddags, A.,
Hudson, R., et al. (2000). Reduction in obesity and related
comorbid conditions after diet-induced weight loss or exerciseinduced weight loss in men. A randomized, controlled trial.
Annals of Internal Medicine , 133 (2), 92 /103.
Ross, R., Janssen, I., & Stallknecht, B. (2002). Influence of
endurance exercise on adipose tissue distribution. In B.J.
Nicklas (Ed.), Endurance exercise and adipose tissue (pp. 121 /
152). Boca Raton, FL: CRC Press.
Ross, R., Janssen, I., Dawson, J., Kungl, A.M., Kuk, J.L., Wong,
S.L., et al. (2004). Exercise-induced reduction in obesity and
insulin resistance in women: a randomized controlled trial.
Obesity Research , 12 (5), 789 /798.
Saris, W.H., Blair, S.N., van Baak, M.A., Eaton, S.B., Davies,
P.S., Di Pietro, L., et al. (2003). How much physical activity is
enough to prevent unhealthy weight gain? Outcome of the
IASO 1st Stock Conference and consensus statement. Obesity
Reviews , 4 , 101 /114.
Slentz, C.A., Duscha, B.D., Johnson, J.L., Ketchum, K., Aiken,
L.B., Samsa, G.P., et al. (2004). Effects of the amount of
exercise on body weight, body composition, and measures of
central obesity: STRRIDE /a randomized controlled study.
Archives of Internal Medicine , 164 , 31 /39.

Downloaded By: [Deutsche Sporthochschule Koeln] At: 16:42 7 November 2007

24

M. Fogelholm et al.

Stewart, K.J., Bacher, A.C., Turner, K., Lim, J.G., Hees, P.S.,
Shapiro, E.P., et al. (2005). Exercise and risk factors associated
with metabolic syndrome in older adults. American Journal of
Preventive Medicine , 28 , 9 /18.
Stich, V., de Glisezinski, I., Galitzky, J., Hejnova, J., Crampes, F.,
Riviere, D., et al. (1999). Endurance training increases the
beta-adrenergic lipolytic response in subcutaneous adipose
tissue in obese subjects. International Journal of Obesity,
23 (4), 374 /381.
Stich, V., De Glisezinski, I., Crampes, F., Hejnova, J., CottetEmard, J.M., Galitzky, J., et al. (2000). Activation of alpha(2)adrenergic receptors impairs exercise-induced lipolysis in
SCAT of obese subjects. American Journal of Physiology.
Regulatory, Integrative and Comparative Physiology, 279 (2),
R499 /R504.
Taylor, C.B., Jatulis, D.E., Winkleby, M.A., Rockhill, B.J., &
Kraemer, H.C. (1994). Effects of life-style on body mass index
change. Epidemiology, 5 , 599 /603.
Torjesen, P.A., Birkeland, K.I., Anderssen, S.A., Hjermann, I.,
Holme, I., & Urdal, P. (1997). Lifestyle changes may reverse
development of the insulin resistance syndrome. The Oslo Diet
and Exercise Study: a randomized trial. Diabetes Care , 20 ,
26 /31.
US Department of Health and Human Services. (1996). Physical
activity and health: a report of the surgeon general (pp. 87 /142).

Atlanta, GA: U.S. Department of Health and Human Services;
Centers for Disease Control and Prevention.
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