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ABSTRACT. The effects on aerobic, anaerobic and strength performance of aerobic (A) or A
and strength (AS) training, integrated with a 3-week body weight reduction programme
involving an energy-restricted diet, nutritional education and psychological counselling,
were evaluated in 52 grade II or III obese individuals (A: n=26; AS: n=26). After 3 weeks, both
training programmes led to a similar and significant reduction (p<0.001) in body mass (A:
4.8%; AS: 4.4%) and an increase (p<0.05 - p<0.01) in maximal oxygen consumption (A:
16.8%; AS: 10.9%). A significant (p<0.05 - p<0.001) increase was found in absolute lower
limb anaerobic power output evaluated by means of a jumping test (A: 13.7%; AS: 18.1%)
and stair climbing test (A: 9.7%; AS: 4.3%), without any significant difference between A and
AS. A comparable and significant (p<0.01) increase was also found in average horizontal
velocity during a short sprint running test (A: 8.1%; AS: 7.1%), with a shorter time of foot-
ground contact (A: 4.9%; AS: 6.6.%) and a higher step frequency (A: 4.0%; AS: 10.4%). The
maximum strength increase after the body weight reduction programme determined by one
maximal repetition test of lower and upper limb muscle groups was significantly greater
(p<0.05 - p<0.001) in the AS group, ranging from 11.4% to 25.4% (A) and from 26.7% to
41.8% (AS). These results indicate that integrating a body weight reduction programme
involving diet, nutritional education and psychological counselling with A or AS exercise has
similar positive effects in lowering body mass and improving A and anaerobic performance.
However, the addition of strength training to A conditioning increases maximum strength.
(Eating Weight Disord. 8: 36-43, 2003). ©2003, Editrice Kurtis

INTRODUCTION

The incidence of weight disturbances,
such as overweight and obesity, has rapidly
increased in the industrialised world, and
the fact that this trend is likely to continue
(1, 2) is a major concern because of the con-
comitant increase in the incidence of obesi-
ty-related medical conditions and the relat-
ed death risk (3, 4). There is general agree-
ment concerning the positive effect of phys-
ical activity, alone or in combination with
dietary caloric restriction, in preventing (5)
and treating obesity (6). 

A number of studies have substantiated
the favourable effects of caloric restriction
and exercise conditioning on body weight
reduction and body composition, their
maintenance over time, and their effects on
glucose tolerance, insulin sensitivity and

serum leptin levels (7-11). The relatively
smaller number of studies considering the
improvement in physical fitness deriving
from the combined use of caloric restriction
and exercise have mainly evaluated changes
in aerobic (A) capacity (12), anaerobic mus-
cle performance (13) and maximum strength
(14).

In general, these studies were designed to
study overweight or moderately obese
(grade I) patients in the long term and there
is relatively little information concerning
the effect of the combination of diet and
exercise on the physical performance of the
severely obese (grade II and III), especially
in the short term. 

Furthermore, given the beneficial effect of
the combination of a weight-loss dietary
regimen and physical training mainly aimed
at preventing the loss of skeletal muscle
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mass due to dietary restriction alone (14), it
seems to be important to further our under-
standing of the combined effects of strength
and A training during a body weight reduction
programme and compare them with those
obtained using A exercise alone in combination
with the same weight loss programme.

The aim of this study was to examine the
effects of diet combined with A or AS training
on A, anaerobic and strength performance
during a short-term body weight reduction
programme in severely obese patients. 

MATERIALS AND METHODS

Subjects
Fifty-two obese subjects (14 males, 38

females) gave their informed consent to partici-
pate in the study, which was approved by the
Ethics Committee of the Istituto Auxologico
Italiano. All of them had been admitted to the
Institute’s 3rd Division of Metabolic Diseases in
order to follow a 3-week multidisciplinary body
weight reduction programme (DEP-AST) con-
sisting of an energy-restricted diet, nutritional
education, psychological counselling and phys-
ical (A or AS) training. The exclusion criteria
were any signs or symptoms attributable to
acute cardiovascular, orthopedic or neuromus-
cular diseases. None of the patients had previ-
ously engaged in systematic physical activity as
assessed by specific questioning during the ini-
tial physical examination. 

The enrolled subjects were divided into 2
age- and gender-matched groups, one of
which underwent A training (n=26) and the
other AS training (n=26); their baseline anthro-
pometric data are shown in Table 1. The mea-
surements for each patient, who were all thor-
oughly familiar with the experimental instru-
ments and how to perform the different tests,
were made during the course of one day before
and at the end of the programme. All of the
patients completed the 3-week programme.

DEP-AST programme 
The programme combined an energy-

restricted diet, nutritional education, psycho-
logical counselling and A or AS exercise train-
ing (5 days/week). 

Diet
Caloric intake was restricted by means of a

diet (1200-1800 kcal/day) containing 21% pro-
teins, 53% carbohydrates and 26% lipids; the
amount of energy to be supplied by the diet
was calculated by subtracting approximately
500 kcal from the measurement of basal energy
expenditure. The estimated water content of
the food was 1000 ml water, 1560 mg Na, 3600
mg K and 900 mg Ca. A fluid intake of at least
2000 ml/day was encouraged. Dietary compli-
ance was evaluated every day by a dietician.

Nutritional education
This consisted of lectures, demonstrations

and group discussions (with or without a
supervisor), which took place every day
throughout the programme.

Psychological counselling
This consisted of 2-3 sessions/week conduct-

ed by clinical psychologists and based on indi-
vidual or cognitive-behavioural strategies,
including stimulus control procedures, prob-
lem solving training, stress management skills,
goal setting, the development of healthy eating
habits, assertiveness training, the facilitation of
social supports, cognitive restructuring of neg-
ative maladaptive thoughts, and relapse pre-
vention training.

Aerobic and strength training
The protocol was designed in accordance

with the guidelines of the American College of
Sport Medicine (ACSM) (15). All of the subjects
were tested for maximal oxygen uptake
(V̇O2max) using a graded submaximal test and
cycle ergometer (Technogym, Gambettola,
Italy) before and at the end of the programme.
After a 6-min warm-up period at 50 W (50
rpm), the subjects performed three 4-min exer-
cise periods at respectively 60, 70 and 80 W (60
rpm). The test was stopped if the subject
reached 75% of predicted maximal heart rate
(HR) calculated using the formula: 220 - age
(yr). HR was recorded using a HR monitor
(Polar, Finland) in order to monitor cardiac
activity and subsequently calculate the average
HR during the last minute of each step. The
ACSM formula was used to estimate V̇O2max,
and the rating of perceived exertion (RPE,
Borg scale) was simultaneously recorded.
Maximal force production (1 maximal repeti-

TABLE 1
Average physical characteristics (± SD) of the subjects undergoing

aerobic (A) or aerobic plus strength (AS) training. Ranges are
indicated in parenthesis.

A (n=26) AS (n=26)

Age (yr) 29.1±6.6 (18-46) 29.8±7.9 (19-44)

Height (m) 1.66±0.10 (1.47-1.87) 1.65±0.09 (1.48-1.81)

Weight (kg) 115.8±20.6 (90.5-163.6) 112.5±15.5 (84.0-148.0)

Males/Females 7/19 7/19
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tion, 1MR) was tested before and at the end of
the programme using the Brzycki formula (16)
and 3 different isotonic machines: vertical trac-
tion, chest press and leg press (Technogym,
Gambettola, Italy). After a warm-up of one set
of 15 repetitions, the test consisted of a repeat-
ed set of 20 repetitions at progressive loads in
order to achieve an RPE of 6-7. 

The A exercise (group A) involved daily ses-
sions (5 days/week) on a cycloergometer (10 min),
treadmill (20 min) and armergometer (5 min) for
a total duration of 35 min/day at an intensity cor-
responding to 50% of individual V̇O2max for
each exercise type during the 1st week of the pro-
gramme and 60% during the following 2 weeks.
The exercise protocol for this group entailed an
average daily expenditure of 267 kcal ± 70 stan-
dard deviations (SD) during the 1st week, increas-
ing to 331 kcal ± 79 SD in the 3rd week. 

The subjects performing AS exercises (group
AS) underwent a session of aerobic training
followed by a strength training workout (5
days/week) on each of the 3 isotonic machines.
The A component consisted of a session on a
cycloergometer (10 min) and treadmill (20 min)
for a total of 30 min/day at an intensity corre-
sponding to 50% of individual V̇O2max during
the 1st week of the programme and 60% during
the following 2 weeks. The strength training
consisted of a single series of 15 repetitions at
40% 1MR during the 1st week, 50% 1MR dur-
ing the 2nd week, and 60% 1RM during the 3rd

week on each machine. The AS exercise proto-
col entailed a total average daily expenditure of
227 kcal ± 55 SD during the 1st week, increas-
ing to 284 kcal ± 61 SD in the 3rd week.

All of the training sessions were supervised
by a certified trainer and a physician.

Measurements of anaerobic performance
Jumping test
The subjects performed a series of five con-

secutive jumps with maximal effort while keep-
ing their hands on the hips and being careful to
bend the knee to about 90-100° during the
phase of contact with the ground between the
jumps (17). An operator checked that the
manoeuvre was appropriately performed and,
in the case of failure, the test was repeated
after an interval of about 10 min. The flight
(Tf,j) and contact (Tc,j) times relating to each
jump in the series were measured using a digi-
tal timer (± 0.001 s) connected to an optical
acquisition system (Optojump, Microgate, Italy)
consisting of two arrays of photocells mounted
close to each other (0.02 m) on two 1 m bars
placed frontally on the ground at a distance of
about 1 m. All of the flight and contact times
were acquired on a personal computer and dis-

played on-line while the subject performed the
sequence of jumps. The total vertical displace-
ment of the centre of gravity (∆CG) during
flight was obtained for every jump as:

∆CG = (g Tf, j2) / 8
where g is the acceleration of gravity (9.81 m

s-2). Under these experimental conditions, the
specific average mechanical power of the posi-
tive work phase of each jump, expressed per
unit body mass (spec,j), was calculated using
the following formula:

Ẇspec,j = g2 Tf,j (Tc,j + Tf,j) / (4 Tc,j).
The absolute power (Ẇ j) was then deter-

mined by multiplying spec,j by the subject’s
body mass. The best power result for each sub-
ject was selected within the series of 5 jumps.

Running test
The subjects performed a short indoor sprint

(8 m) running at maximum speed in a measure-
ment track obtained using 8 pairs of the same
optical arrays as those used for the jumping test,
arranged in a linear modular system (Optojump,
Microgate, Italia). The subjects started the sprint
about 2 m before the beginning of the measure-
ment track and a further 4 m were available to
slow down after the end of the track. The timing
of the run within the effective measurement field
was determined using two pairs of photocells
aligned with the two sides of the track, at about
0.5 m from ground. While the subject performed
the run, the time of foot contact with the ground
(Tc,r) and flight off ground (Tf,r) relating to each
step were acquired on a personal computer and
displayed on-line, together with the instanta-
neous foot position along the track. These data
were used to determine the average speed (v),
step frequency (fs) and step length (Ls) for each
subject.

Stair climbing test
All of the patients performed a stair climbing

test (18) modified in order to meet the perfor-
mance capabilities of critically obese individu-
als, as previously described by Sartorio et al.
(13, 19). The subjects were invited to climb an
ordinary flight of stairs one step at a time and
at the highest possible speed. There were 13
steps of 15.3 cm each, thus covering a total ver-
tical distance of 1.99 m. An operator measured
the time required to complete the test using a
digital stopwatch. The test was considered as
starting at the moment the first foot was lifted
and ending when the same foot came into con-
tact with the last step. The vertical component
of the speed (vv) was calculated from the verti-
cal dimensions of the steps. Under these condi-
tions, the average specific mechanical power
(Ẇspec,s) is directly proportional to the vertical

Exercise training and performance in obese subjects after weight loss(Eating Weight Disord. 8: 36-43, 2003). 
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component of the speed since, whatever the
speed, the subject raises every unit of his body
mass by a height (in m) that is equivalent to his
vertical speed (in m s-1). It is given by:

Ẇspec,s = (g h)/t,
where h is the vertical distance covered dur-

ing the test and t the climbing time. The aver-
age total power (Ẇs) was then determined by
multiplying spec,s by the subject’s body mass.

Statistical analysis 
All of the data are given as mean values ± SD.

Within-group differences before and after the
DEP-AST program were tested using Student’s
t test for paired data, and the between-group
differences using Student’s t test for unpaired
data. Regression line equations were calculated
by means of the least-square method. The dif-
ferences between the regression lines were
tested using conventional regression equation
comparisons (20). P values of less than 0.05
were considered statistically significant.

RESULTS

BMI significantly decreased after the DEP-AST
programme in both groups (Table 2), with no

statistically significant difference between them.
After the completion of the DEP-AST pro-

gramme, absolute and per kg A performance
(assessed by the indirect determination of
V̇O2max) significantly and comparably increased
in both groups (Fig. 1). Figure 2 shows RPE as a
function of HR at the 4 levels of the test for
V̇O2max determination before and after the pro-
gramme. Although there is a close linear correla-
tion between RPE and HR both before and after
the DEP-AST programme, there were signifi-
cantly different regressions in the relationship
after the programme, which lead to a different
exercise impact. 

Table 2 also summarises lower limb anaero-
bic performance during the jumping and stair
climbing tests, and locomotor capabilities dur-
ing the sprint test. After the DEP-AST pro-
gramme, anaerobic performance and horizon-
tal velocity during the sprint significantly and
similarly increased in both groups. No system-
atic between-group difference was found in the
improvements attained in these tests. 

The maximal strength results obtained using
the 3 isotonic machines before and after the
DEP-AST programme are shown in Table 3.
Although the 1MR value developed with all of
the machines increased significantly in both

TABLE 2
Average body mass index (BMI) values (± SD) and the results of the jumping, sprinting and stair climbing tests before and after 3
weeks of the DEP-AST programme in the subjects undergoing aerobic (A) and aerobic plus strength (AS) training. The within-group
differences (shown in the Table) were tested using a Student’s t-test for paired data. No significant between-group difference was
found.

A (n=26) AS (n=26)
Before After Before After

BMI 41.7±5.3 39.7±4.8*** 41.1±4.1 39.3±3.8***

Jumping test

Tc, j (s) 0.487±0.110 0.430±0.120* 0.435±0.110 0.361±0.090**

Tf, j (s) 0.297±0.061 0.323±0.068*** 0.300±0.069 0.323±0.059***

∆CG (m) 0.113±0.049 0.133±0.043*** 0.116±0.048 0.132± 0.047***

Ẇspec, j (W/kg) 11.99±4.01 14.12±4.09*** 13.03±4.81 15.62±5.07***

Ẇj (W) 1368±550 1556±527** 1424±527 1682±610***

Short running test

Tc,r (s) 0.244±0.035 0.232±0.044* 0.243±0.031 0.227±0.033***

v (m/s) 3.33±0.61 3.60±0.63** 3.53±0.59 3.78±0.65**

fs (steps/s) 3.23±0.45 3.36±0.49* 3.27±0.39 3.61±0.70*

Stair climbing test

Wspec, s (W/kg) 5.30±1.10 5.61±0.91*** 5.19±0.85 5.62±0.87**

Ws (W) 568±164 623±149** 587±147 612±156*

*p <0.05; **p<0.01; ***p<0.001
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groups, the improvements were significantly
greater in the AS group (Fig. 3).

DISCUSSION

The results of the present study show that a
short-term body weight reduction programme
involving a moderate amount of aerobic exer-
cise training makes it possible to attain a signif-
icant reduction in BMI, and significant
improvements in A capacity and physical per-
formance mainly based on lower limb alactic
power output. If moderate strength training is
added, a further significant improvement in the
involved muscle groups can be reached. 

Although there are only a few published

studies of the effects of exercise on physical
performance during body weight reduction
programmes in morbid obesity, the results
obtained using a short-term personalised and
strictly quantified amount of A exercise in both
of our groups confirm those previously
obtained using aspecific exercise protocols in
extremely obese (13, 19) and overweight indi-
viduals (14) not only in terms of A perfor-
mance, but also anaerobic power output. 

Although physical training can be expected
to induce a number of metabolic adaptations
improving the functional capacities relating to
oxygen transport and use, the improvement in
V̇O2max seems to be relatively high for such a
moderately intense training programme.
However, this may have been partially due to
the notably poor degree of physical fitness in
our subjects before the start of the protocol. It
has been previously shown that the magnitude
of improvement in A performance after a train-
ing programme is inversely related to the ini-
tial level of fitness (21), and that these improve-
ments are mainly reached during the first 3
weeks of training (22). Since both exercise and
weight loss synergistically increase parasym-
pathetic activity, it is possible that exercise is
particularly effective in obese patients during a
body weight reduction programme. Obesity
per se is associated with the decreased
parasympathetic activity (23, 24) inherent in
weight gain, as has also been demonstrated in
overfed normal subjects (25) and animals (26,
27), and so obese patients may be particularly
susceptible to the combined effects of exercise
and weight loss. Changes in the balance
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FIGURE 1
Average (± SD) maximal oxygen consumption (V̇O2max) in absolute
terms (l/min) and per unit of body mass (ml/min/kg) before (dark
bars) and after (light bars) the DEP-AST programme in the subjects
undergoing aerobic (Group A, top panel) or aerobic plus strength
training (Group AS, bottom panel). The within-group differences
(shown in the table) were tested using a Student’s t-test for paired
data. No significant between-group difference was found.
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between parasympathetic and sympathetic
activity have also been invoked by Sartorio et
al. (13) as the basis of the decrease in resting
systolic and diastolic arterial pressure and HR,
as well as exercise HR, observed after an aspe-
cific training programme in extremely obese
patients. These effects also suggest a trend
toward an increase in cardiac stroke volume at
rest and during exercise, which is possibly
mediated by the changes in left ventricular load
that have been shown to be closely related to
weight loss in obese patents (28). Furthermore,
Figure 2 shows that there was a linear correla-
tion between the average rate of perceived
exertion and average HR during the incremen-
tal cycloergometer tests in all ofour subjects,
but significantly different regressions fit the
data obtained before and after the DEP-AST
programmes. It therefore seems that not only
changes in HR for a given work load are
responsible for subjective sensations during
exercise, but an improvement in breathlessness
and general fatigue may contribute toward

decreasing RPE, and a possible role may also
be played by a different rate of lactic acid output.

A significant improvement in the performance
based mainly on lower limb anaerobic alactic
power was also observed in both groups, but
the increase in maximal force was significantly
greater in the AS group despite the fact that
there was no significant between-group differ-
ence in performing the anaerobic power-related
tests (Table 3), although a number of variables
were numerically higher in the AS group. This
finding is not completely surprising, because
force generation on isotonic machines and
jumping tests imply very different speeds and
durations of action: the longer duration of the
muscular contraction during isotonic machine
exercise may not correspond to the optimal
velocity of shortening for maximal power pro-
duction during jumping or reaching maximal
gait velocity during sprinting or stair climbing. 

The changes in absolute anaerobic power
observed after the weight reduction programme
can be considered as being independent of the
increase in specific power output (i.e. power per
unit body mass) reached as a consequence of
the weight loss. The average changes in lower
limb specific power observed during the jump-
ing test (+19%) do not match the decrease in
body mass attained after the DEP-AT pro-
gramme (-5%), and so a part of the improve-
ment may also have been due to other factors.

One of these might be related to the positive
effect of even moderate A exercise on the main-
tenance of fat-free mass during weight reduc-
tion, as has previously been observed in moder-
ately obese or overweight individuals of both
genders (8), and similar results have also been
reported after a combination of A and AS train-
ing (14). A relative increase in muscle mass may
therefore partially contribute to the improve-
ment in anaerobic performance described in the
present study especially as a response to
strength training; however, detailed measure-
ments of lower limb mass are required to assess
the importance of this factor quantitatively.

TABLE 3
Average maximal force (± SD) obtained using three different isotonic machines before and after the DEP-AST programme in the sub-
jects undergoing aerobic (A) and aerobic plus strength (AS) training. The within-group differences (shown in the table) were tested

using a Student’s t-test for paired data. No significant between-group difference was found.

A (n=26) AS (n=26)
Before After Before After

Leg press (kg) 259.9±91.5 326.0±108.7*** 244.8±73.7 347.1±99.7***

Chest press (kg) 32.1±16.9 37.4±17.3** 30.9±13.8 42.1±18.4***

Vertical traction (kg) 72.6±21.3 80.9±22.1*** 70.1±15.7 88.8±21.2***

**p<0.01; ***p<0.001
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FIGURE 3
Average force increase (± SD) using the three isotonic machines after
the DEP-AST programme in the subjects undergoing aerobic (Group
A, light bars) or aerobic plus strength training (Group AS, dark
bars). The between-group differences were tested using a Student’s 
t-test for unpaired data.
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Furthermore, it cannot be excluded that the
acquisition of a certain degree of motor skill
due to the training effect of the exercise pro-
gramme may also have contributed to the
results observed during anaerobic testing
because, in general, the subjects were highly
sedentary at the beginning of the programme
and their movements were possibly limited by
their unfamiliarity with physical exercise. In
line with present findings, Sartorio et al. (19)
have recently found that aspecific and mainly A
exercise conditioning in morbidly obese sub-
jects significantly increases motor co-ordina-
tion in balance tests as well as anaerobic tasks.

Finally, a post-programme improvement in
general well-being and self-esteem leading to
greater motivation during the motor task
should be considered. Rippe et al. (29) and
Nieman et al. (30) have recently demonstrated
that the exercise component in weight loss pro-
grammes leads to an improvement in general
psychological well-being, but other exercise-
independent factors cannot be ruled out. 

In conclusion, the results of the present study
demonstrate that a short-term body weight
reduction programme involving simple exer-
cise conditioning of moderate intensity signifi-
cantly improves the performance of motor
tasks based on both A and anaerobic capabili-
ties in severely (grade II and III) obese patients.
The addition of strength training to systematic A
conditioning also improves the force generation
in such patients. Given the considerable degree
of deconditioning and poor physical fitness of
the patients at the beginning of the study, it is
likely that the motor changes attained using the
programme contribute toward enhancing their
quality of life by improving their ability to per-
form everyday tasks related to albeit simple
motor performances.
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