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Objective: To compare the effects of aerobic and resistance exercise on weight,

muscle strength, cardiovascular fitness, blood pressure and mood in obese women

who were not on an energy-restricted diet.

Design: Randomized, prospective, controlled trial.

Setting: Department of Physical Medicine and Rehabilitation, University Hospital.

Subjects: Sixty obese women were assigned to one of three groups: aerobic

exercise (n�/20), resistance exercise (n�/20) and control group (n�/20).

Interventions: The aerobic exercise group performed both walking and leg cycle

exercise with increasing duration and frequency. The resistance exercise group

performed progressive weight-resistance exercises for the upper and lower body.

Main outcome measures: Before and after a 12-week period, all subjects were

evaluated by anthropometric measurement, rating of mood, cardiorespiratory

capacity and maximum strength of trained muscles.

Results: After a 12-week training period, subjects in the resistance group

showed significant improvement in one-repetition maximum test of hip abductors

(7.959/3.58 kg), quadriceps (149/7.18 kg), biceps (3.379/ 2.84 kg) and pectorals

(8.759/5.09 kg) compared with those in the control group (PB/0.001). VO2 max

increased (0.519/0.40) and Beck Depression Scale scores decreased (�/5.409/4.27)

in the aerobic exercise group compared with the control group, significantly

(PB/0.001). Only in hip abductor muscle strength was there a significant increase

in the resistance exercise group compared with the aerobic exercise group

(PB/0.05).

Conclusion: Both aerobic exercise and resistance exercise resulted in improved

performance and exercise capacity in obese women. While aerobic exercise

appeared to be beneficial with regard to improving depressive symptoms and

maximum oxygen consumption, resistance exercise was beneficial in increasing

muscle strength.
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Introduction

Obesity is defined as body mass index (BMI) of
30 kg/m2 and higher.1 An excess of energy intake
relative to energy expenditure is the central reason
for the development of obesity. It occurs due to
storage of excess energy as adipose tissue.2 As the
incidence of obesity increases, the significant
health and economic consequences also increase.
Obesity, which has been linked to a variety of
chronic diseases, results in almost 300 000 deaths
each year, and causes 117 billion dollars worth of
direct and indirect annual costs in the United
States.3

Weight reduction is the common goal in the
treatment of obesity. Diet modification is the main
proposal for this goal. There are contradictory
results in studies about the effects of exercise on
obesity. There is insufficient evidence that exercise-
induced weight loss is associated with reductions in
abdominal fat. Limited evidence from non-rando-
mized or controlled studies suggest that a modest
reduction in waist circumference is observed in
response to exercise-induced weight loss.4 Some
researchers claimed that resistance exercise can
increase muscle strength.5,6 Exercise combinations
have also been tested in that situation. Studies7,8

showed that resistance exercise combined with
aerobic exercise resulted in increased muscle
strength whereas aerobic exercise alone did not.
Differences in intensity, type and duration of
exercise protocols lead to lack of comparable
results. Exercise leads to decrease in cardiovascular
disease risk as well as providing weight manage-
ment.9 It has been shown that resistance and
aerobic exercise cause equal increases in VO2

max,10 but in some studies aerobic exercise has
been shown to increase VO2 max more than
resistance exercise.11,12 The association between
obesity and hypertension is strong, irrespective of
age, race and gender, and the risk of hypertension
increases proportionally with weight.13 Besides the
positive effects on psychological behaviour due to
weight loss, the exercise itself can also help in the
improvement of general mood.14 More recently,
studies have mainly focused on the effect of
exercise on blood pressure15,16 and psychological
status11,14 of obese people. Although all these
studies suggest positive effects of exercise on
different systems, the evidence is not conclusive

and many questions remain with regard to pure
exercise efficacy. To our knowledge, this is the first
study investigating the effects of aerobic and
resistance exercises in obese women who were not
under an energy-restricted diet.

The objective of this study was to assess and
compare the effects of aerobic and resistance
exercise without diet on weight, muscle strength,
cardiovascular fitness, blood pressure and mood in
obese women.

Methods

Subjects
Obese female patients admitted to an endocri-

nology and metabolic diseases department and
seen by a physical medicine and rehabilitation
department for exercise were included in the study.
Eighty-two obese women aged between 20 and
60 years old, with BMI of 30 kg/m2 or above were
assessed for eligibility (Figure 1). Of these, four
women were unwilling to participate and two
women were excluded. Exclusion criteria were
medications (which could affect physical perfor-
mance or metabolism), energy-restricted diets,
current exercise programmes or subjects who
were unable to perform the necessary testing
procedures. Seventy-six subjects signed an in-
formed consent before participating in the study.
Participants were randomized to the control group
(n�/24), resistance exercise group (n�/26) or
aerobic exercise group (n�/26) by an independent
person who picked one of the sealed envelopes. All
subjects were instructed not to change their eating
habits. There were 16 dropouts (six in the resis-
tance exercise group, six in the aerobic exercise
group and four in the control group) due to non-
compliance, illness and lost to follow-up, so the
study population consisted of 60 obese patients.
The descriptive characteristics of these patients are
shown in Table 1.

Measurement procedures

Anthropometric measurement
All anthropometric measurements were done by

the same physician. Height, weight, waist and hip
circumferences were measured while the subjects
wore lingerie without shoes. Weight was measured
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with a standard scale (EKS, German). Height was
assessed with a wall-mounted stadiometer. Waist
circumferences were measured at the midpoint
between the lower border of the ribcage and the
iliac crest and hip circumferences were measured at
the widest part of the hip region. Body mass index

(Body weight (kg)/height m2) and waist-to-hip
ratio were calculated.

Ratings of mood
To assess the mood state, subjects filled out

the Back Depression Inventory which is a 21-item

Figure 1 Flow diagram of the study.

Table 1 Baseline characteristics of subjects

Resistance exercise Aerobic exercise Control
(n�/20) (n�/20) (n�/20)

Age (years) 42.509/10.07 41.659/7.62 43.609/6.46
Weight (kg) 83.779/9.49 87.529/11.68 86.829/11.27
BMI (kg/m2) 33.739/2.92 35.389/4.98 35.549/3.67
Waist to hip ratio 0.849/0.07 0.859/0.08 0.869/0.07
VO2 max (litres/min) 2.279/0.43 2.389/0.49 2.189/0.34

Data are mean9/standard deviation. BMI, body mass index.
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self-report rating inventory that measures symp-
toms and characteristic attitudes of depression. 17

A higher score indicates more depressed mood.

Strength measurements
Maximum strength of trained muscles was

determined by one repetition maximum (1RM)
testing.

Performance measurement (cardiorespiratory
capacity and exercise fitness)

Peak oxygen consumption (VO2 max): VO2 max
was calculated with Astrand Method by using a leg
cycle ergometer (Monark; Varberg, Sweden) and
heart rate monitor (Polar, Port Washington, NY).

The six-minute walk test: The subjects were
asked to walk for 6 min as fast as possible. The
distance was recorded in meters.

Blood pressure was obtained from the left arm
by auscultation using a mercury sphygmoman-
ometer after 15-min rest, and mean of three
measurements was recorded.

Exercise training
The full exercise programme was completed in

the exercise unit of the physical medicine and
rehabilitation department under observation.

Aerobic exercise group
For aerobic exercise, the participant was in-

structed to walk briskly for 15 min out of the
door and then to exercise on a stationary leg cycle
ergometer. In order to provide the required in-
tensity of exercise, each subject was given a target
heart rate range which corresponds to 50�85% of
the heart rate reserve. Heart rate reserve was
calculated using the equation of the Karvonen
formula.18 Heart rate was monitored continuously
with a heart rate monitor. Patients did exercises in
their target heart rate ranges; first month: three
days a week for 12�15 min, second month: four
days a week for 20�30 min, third month: five days
a week for 30�45 min. Initial exercise intensities
and progression of activity were consistent with the
recommendations of the American Collage of
Sports Medicine.18

Resistance exercise group
In the resistance exercise group strengthening

exercises were done with a stationary exercise unit

(Vectra 4800, US) three days a week. Six stations
were used to exercise upper and lower body large
muscle groups: leg extension (quadriceps), chest
press (pectoralis major), arm flexion (biceps),
arm extension (triceps), abdominal crunch and
twisting oblique (abdominal, external oblique,
intercostal), outer thigh pull (hip abduction,
gluteus medius). In the first week they started
with one set (10 repetitions) of lifting 40�60%
weight of one-repetition maximum (1RM). In the
second week they continued with two sets and in
the third week they did three sets of lifting the
same weight. During the fourth and twelfth
weeks, they lifted 75�80% weight of 1RM for
three sets. A rest of 15�30 s between sets was
given.

In both groups flexibility exercises were per-
formed as stretching of iliopsoas, hamstrings,
quadriceps, gastrocnemius, pectoral muscles, and
dorsal extensors before and after the exercise.

Control group
No exercise was given to the control group.

Statistical analysis
Variables which were not normally distributed

were analysed by Wilcoxon’s rank-sum test and
normally distributed variables were analysed by
paired t-test to determine the changes between
baseline and follow-up in each group. Two-way
analysis of variance (ANOVA) test was used to
compare the measurements of the groups. Post-hoc
tests were performed by the Sheffe multiple-range
test. Bonferroni correction was applied for multi-
ple testing. For this purpose we multiplied all
P -values by 15 (number of clinical parameters).
SPPS 11.0 software (SPSS, Chicago, IL, USA) was
used for the statistical analysis.

Results

The two groups were similar at baseline (see
Table 1).

Table 2 shows the data from the assessment at
12 weeks. Generally there was a statistically
significant improvement in both of the exercise
groups. There were no changes in the control
group patients. There was a statistically significant
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Table 2 Mean and change scores of all variables for all groups before and 12 weeks after

Resistance group
(n�/20)
mean9/SD

Aerobic group
(n�/20)
mean9/SD

Control group
(n�/20)
mean9/SD

P-value ANOVA
F

Post-hoc Scheffe

0.001 0.01 0.05

Weight (kg)
Before 83.779/9.49 87.529/11.68 86.829/11.27 0.514 0.674
After 80.959/9.52 84.009/12.02 86.409/11.46 0.303 1.221
Change �/2.829/3.54 �/3.529/2.84 �/0.429/2.04

P�/0.002 PB/0.001 P�/0.363

BMI (kg/m2)
Before 33.739/2.92 35.389/4.98 35.549/3.67 0.286 1.281
After 32.599/2.95 33.949/4.95 35.369/3.69 0.096 2.445
Change �/1.139/1.40 �/1.449/1.16 �/0.179/0.84

P�/0.002 PB/0.001 P�/0.352
Waist circ. (cm)

Before 95.759/6.54 98.979/9.96 99.679/8.62 0.292 1.258
After 93.529/6.43 93.179/8.69 99.729/8.74 0.020 4.211
Change �/2.229/3.65 �/5.809/4.64 �/0.059/2.40

P�/0.013 PB/0.001 P�/0.927

Waist/hip
Before 0.849/0.07 0.859/0.08 0.869/0.07 0.594 0.526
After 0.849/0.07 0.839/0.08 0.879/0.07 0.342 1.094
Change 0.009/0.03 �/0.019/0.02 0.009/0.02

P�/0.621 P�/0.032 P�/0.619

VO2 max (litres/min)
Before 2.279/0.43 2.389/0.49 2.189/0.34 0.360 1.040 AE�/C
After 2.699/0.51 2.899/0.60 2.149/0.34 B/0.001 12.105 PB/0.001
Change 0.429/0.46 0.519/0.40 �/0.049/0.10

P�/0.001 PB/0.001 P�/0.199

Six-minute walk test (m)
Before 484.409/93.79 490.509/75.04 462.809/72.96 0.529 0.643 RE�/C PB/0.001
After 602.709/99.64 644.709/104.22 469.109/79.19 B/0.001 18.666 AE�/C PB/0.001
Change 118.309/108.48 154.209/92.63 6.309/60.85

PB/0.001 PB/0.001 P�/0.649

SBP (mmHg)
Before 126.509/11.59 126.009/19.37 126.509/16.70 0.994 0.006
After 117.009/12.60 120.009/ 19.93 127.009/14.90 0.141 2.030
Change �/9.509/12.12 �/6.009/10.58 0.509/7.41

P�/0.002 P�/0.014 P�/0.747

DBP (mmHg)
Before 79.509/8.87 80.259/9.66 77.759/8.50 0.669 0.404
After 73.009/8.49 72.509/8.50 77.009/7.84 0.179 1.771
Change �/6.509/8.59 �/7.759/7.85 �/0.759/6.12

P�/0.007 P�/0.002 P�/0.681
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Table 2 (Continued)

Resistance group
(n�/20)
mean9/SD

Aerobic group
(n�/20)
mean9/SD

Control group
(n�/20)
mean9/SD

P-value ANOVA
F

Post-hoc Scheffe

0.001 0.01 0.05

Hip abd. (1RM, kg)
Before 9.779/2.94 8.179/3.48 10.129/4.47 0.214 1.586 RE�/C RE�/AE
After 17.729/3.88 13.479/3.19 9.479/3.66 B/0.001 26.392 PB/0.001 P�/0.03
Change 7.959/3.58 5.309/3.33 �/0.659/2.49

PB/0.001 PB/0.001 P�/0.221

Quadriceps (1RM, kg)
Before 18.759/7.58 17.909/3.74 18.259/5.44 0.898 0.108 RE�/C
After 32.759/9.24 27.009/5.23 19.359/4.92 B/0.001 19.782 PB/0.001
Change 14.009/7.18 9.109/5.16 1.109/3.47

PB/0.001 PB/0.001 P�/0.190

Biceps (1RM, kg)
Before 18.009/4.10 17.659/2.49 16.259/3.93 0.271 1.335 RE�/C
After 21.379/4.09 19.259/ 2.93 16.509/ 2.85 B/0.001 10.688 PB/0.001
Change 3.379/2.84 1.609/2.64 0.259/3.02

P�/0.001 P�/0.010 P�/0.705

Triceps (1RM, kg)
Before 18.309/3.75 19.509/2.76 18.759/2.75 0.476 0.752 RE�/C AE�/C
After 23.709/4.78 22.509/3.44 18.279/2.30 B/0.001 12.181 PB/0.001 P�/0.03
Change 5.409/3.97 3.009/4.70 �/0.479/2.06

PB/0.001 P�/0.015 P�/0.336

Abdominal (1RM, kg)
Before 15.259/5.25 15.009/5.84 15.509/3.59 0.951 0.050 RE�/C AE�/C
After 25.859/4.94 22.109/4.38 16.509/4.61 B/0.001 20.432 PB/0.001 P�/0.03
Change 10.609/3.05 7.109/4.20 1.009/2.61

PB/0.001 PB/0.001 P�/0.102
Pectoral (1RM, kg)

Before 14.759/4.72 15.259/5.72 16.009/6.40 0.782 0.247 RE�/C
After 23.509/6.50 21.759/4.37 16.009/5.52 B/0.001 10.036 PB/0.001
Change 8.759/5.09 6.509/4.00 0.009/2.80

PB/0.001 PB/0.001 P�/1.000

DS
Before 13.959/7.27 12.209/5.14 14.859/9.25 0.521 0.659 AE�/C
After 10.809/7.04 6.809/3.88 15.859/8.73 B/0.001 8.752 PB/0.001
Change �/3.159/4.93 �/5.409/4.27 1.009/3.46

P�/0.010 PB/0.001 P�/0.212

SD, standard deviation; SBP, systolic blood pressure; DBP, diastolic blood pressure; DS, depression score; BMI, body mass index.
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greater change in the resistance exercise group for
the muscle strength of the hip abductors, the
quadriceps, the biceps, the triceps, the abdominal
and pectoral muscles. The patients receiving aero-
bic exercise showed statistically significant differ-
ences in improvement in the VO2 max and
depression score. There were some other minor
differences between the groups.

Discussion

The results of this study showed that there were a
number of variables that demonstrated a trend for
improvement both in the aerobic group and the
resistance exercise group after 12-week interven-
tion. This study did not have any limitation on
normal diet, and no effect on weight was observed.
In this period, the mean9/SD weight of the aerobic
and resistance groups decreased from 87.529/

11.68 kg to 84.009/12.02 kg and from 83.779/

9.49 kg to 80.959/9.52 kg respectively. In the con-
trol group no weight change was detected (from
86.829/11.27 kg to 86.409/11.46 kg). At the end of
the 12th week, while a significant weight loss
compared to baseline was observed in both ex-
ercise groups, in terms of actual weight loss
there was no significant difference compared with
the control group. On the other hand, exercise
could have been useful as a way of controlling
weight. In our study, waist circumference in both
groups decreased after 12 weeks but this change
was not more than in the control group. Arner
et al .19 has shown that lipolytic activity is sig-
nificantly higher in abdominal than in gluteal
adipose tissue during bicycle exercises. In a rando-
mized trial9 comparing the effects of aerobic and
resistance exercise on android-obese men, both
exercise groups exhibited a significant decrease in
waist-to-hip ratio after 10 weeks of exercise. But
the shortcoming of this study was not having a
control group. In our study, we observed a decrease
in waist-to-hip ratio measurements in the aerobic
exercise group after the exercise programme.
However, when compared with the control group
no significant difference was determined. Conse-
quently, in both exercise groups weight loss was
not observed and no change in abdominal obesity

measured by external anthropometry was present
in this study.

In two studies showing the efficacy of exercise
on the improvement of muscle strength similar
results were observed. Fiatarone et al .5 showed
that high-intensity resistance exercise leads to
significant increase in quadriceps muscle strength
in elderly individuals after an eight-week pro-
gramme. The 1RM weights increased from 8
to 21 kg as an average increase of 174%. Hunter
et al .6 reported that resistance exercise consisting
of two sets of 10 repetitions at 65�80% of 1RM
increased the muscle strength in women and men
at a similar rate (38% and 36% respectively).
Similar studies have also been done in obese
patients. Bryner et al .10 investigated whether aero-
bic or resistance exercise is more beneficial for
muscle strengthening in 20 obese patients. At the
end of a 12-week programme, they had shown that
weight training resulted in a greater increase in
muscle strength with 1RM test. The average
maximum increase of 1RM was 75.9%9/8.3.
Wallace et al .7 demonstrated that only combined
resistance and aerobic exercise can bring out an
increase in 1RM bench press (19%) and leg press
(25%) in sedentary obese people at the end of a
14-week exercise programme. No increase was
observed in patients doing only aerobic exercise.
Kraemer et al .8 investigated the physiological
effects of a weight-loss dietary regimen with or
without exercise. Thirty-five overweight men were
randomized into four groups as follows: control
group, diet group, diet plus aerobic exercise group,
diet plus aerobic and resistance exercise group.
At the end of the 12th week they found increases
in maximum muscle strength only in the diet

Clinical messages

. Our findings suggest that aerobic exercise
improves depressive symptoms and maxi-
mum oxygen consumption, resistance exer-
cise increases muscle strength in obese
women.

. Both aerobic and resistance exercise can
result in a significant improved performance
and exercise capacity in obese women.
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plus aerobic and resistance exercise group. The
increase was 19.6% in pectoral, deltoid and triceps
muscle groups, and 32.6% in gastro-soleus muscle
groups, with 1RM test. Our results showed that
marked improvement in muscle strength could
be achieved after 12 weeks of exercise. In our
study the strength of the hip abductors, quadri-
ceps, biceps, pectoral muscle groups in the resis-
tance exercise group and abdominal and triceps
in the resistance and aerobic exercise groups
improved significantly. Resistance exercise was
observed to be more effective only on hip abduc-
tor muscle strength when compared with aerobic
exercise.

In our study, both exercise groups performed
longer distances in the six-minute walk test and
only in the aerobic exercise group was a significant
increase in VO2 max (an index of cardiorespiratory
capacity and exercise fitness) observed. This is
consistent with other findings in the literature.11,12

Researchers10,20 had shown that significant in-
crease in VO2 max can be achieved only by mode-
rate energy conservation, because aerobic exercise
combined with a very low-calorie diet did not
significantly increase maximum oxygen consump-
tion.

In controlling blood pressure, weight loss as a
non-pharmacological solution is the most effective
measure. It has been shown that an 8-kg weight
loss decreased blood pressure (mean9/SD) from
1229/3/819/3 to 1109/3/749/ 2 mmHg and from
1499/ 3/989/1 to 1359/3/869/3 mmHg in normo-
tensive and hypertensive obese patients respec-
tively.21 It has also been shown that moderate
aerobic exercise is effective in lowering blood
pressure and aerobic exercise may decrease blood
pressure more effectively than resistance exercise.22

Grant et al .15 observed a significant decrease in
blood pressure in overweight women after 12
weeks of twice-weekly aerobic and resistive exercise
sessions. Other studies9,23 have established that
blood pressure only responds to aerobic training in
hypertensive people and resistance training has no
effect on blood pressure. A meta-analysis of 44
randomized controlled trials indicated that dy-
namic aerobic training reduces blood pressure
and the blood pressure-lowering effect is more
pronounced in hypertensive than in normotensive
subjects.23 The overall analysis of randomized
trials in which physical training was compared

with dietary intervention in overweight subjects
indicates that dynamic aerobic training is less
effective than diet in lowering blood pressure and
exercise does not contribute to the blood pressure
reduction which was observed only by diet.16

Other studies24,25 found that the effects of exercise
and weight reduction in reducing blood pressure
are additive and synergistic. Our results indicate
no significant blood pressure change in any of
the exercise groups compared with the control
group. As all of our subjects were normoten-
sive and did not have too much weight loss we
have not found any significant changes among the
groups.

Beside weight loss, exercise has positive effects
on psychological behavior and can help in the
improvement of general mood.14 Geliebter et al .11

observed that even though ‘aerobic training plus
diet’ and ‘resistance training plus diet’ patients did
not lose more weight than a ‘diet only’ group, the
patients in both exercise groups showed consider-
able improvement in their mood evaluated by the
Beck Depression Inventory. In a study analysing
the effects of aerobic and resistance exercise on
depression in people 60 years or older, it was
observed that people doing aerobic exercise
achieved significant improvement in their depres-
sive symptoms whereas those doing resistance
exercise did not.26 Although clinical depression
was absent in our study, a decline in depression
scores was detected only in aerobic exercise group.
Improvements in anxiety, depression and mood
states after exercise are explained most frequently
by the endorphin and monoamine hypotheses.
Exercise may also increase body temperature,
blood circulation in the brain and impact on the
hypothalamic�pituary�adrenal axis and physiolo-
gical reactivity to stress.27

There are limitations in our study. One limita-
tion is that the study only applies to women, and
the results cannot be generalized to men. Another
important drawback of this study is that there are
no data about what happened after end of the
training programme.

In summary, both aerobic and resistance ex-
ercise resulted in improved performance and
exercise capacity in obese women who were not
on an energy-restricted diet. While resistance
exercise was more effective in improving muscle
strength, aerobic exercise was more effective in
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improving mood and maximum oxygen consump-
tion. In our opinion, to investigate the effectiveness
of exercise in the absence of diet, further long-term
follow-up studies should be carried out.
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