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The Assessment of Aerobic Capacity in
Obese Women

AABBSS  TTRRAACCTT    OObb  jjeecc  ttii  vvee::  In obe se per sons the abi lity to de li ver oxy gen to wor king musc le and the
ra te of its use by the se musc les (ae ro bic ca pa city) may be re du ced. The aim of this study is to com-
pa re the ae ro bic ca pa city, pul mo nary func ti ons in obe se and non-obe se wo men, and to as sess the
as so ci a ton bet we en obe sity and ae ro bic ca pac tiy.  MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss:: Fo urty  six vo lun tary obe -
se wo men who ad mit ted to our de part ment with a body mass in dex ≥ 30 kg/m2 and 24 non-obe se
wo men vo lun te ers we re par ti ci pa ted in the study. Body mass in dex (BMI), wa ist hip ra ti o (WHR)
and fat per cen ta ge we re me a su red in both gro ups. Pul mo nary func ti on tests, ma xi mum  oxy gen
con sump ti on (VO2max), ma xi mum exer ci se ven ti la ti on (VE max), ana e ro bic thres hold (AT) and 6-
mi nu te walk test we re eva lu a ted. RRee  ssuullttss:: The age of obe se and con trol gro up we re 36.6 and 33.3
ye ars res pec ti vely. BMI, WHR and fat per cen ta ge we re sig ni fi cantly lo wer in sub jects with obe sity
(p< 0.05). For ced ex pi ra tory vo lu me du ring the first se cond/for ced vi tal ca pa city,  pe ak ex pi ra tory
flow ra te and ma xi mum vo lun tary ven ti la ti on we re sig ni fi cantly dif fe rent in two gro ups (p< 0.000).
VO2max, VE max, AT and 6 mi nu te walk test we re sig ni fi cantly lo wer in sub jects with obe sity p<
0.05) and BMI, WHR and fat per cen ta ge cor re la ted ne ga ti vely with the se pa ra me ters (p< 0.01).
CCoonncc  lluu  ssiioonn::  Ae ro bic ca pa city of obe se sub jects we re fo und to be lo wer than con trol gro up and ae -
ro bic ca pa city sig ni fi cantly as so ci a ted with BMI, WHR and fat per cen ta ge in our study. In conc lu -
si on ae ro bic exer ci se may be re com men ded to im pro ve ae ro bic ca pa city and to in cre a se ca lo ric
ex pen di tu re in sub jects with obe sity.

KKeeyy  WWoorrddss::  Obesity; respiratory function tests; exercise 

ÖÖZZEETT  AAmmaaçç::  Obez ki şi ler de ça lı şan kas la ra ok si jen sağ la ma ve ok si je nin bu kas lar da kul la nım
ka pa si te si dü şe bi lir (ae ro bik ka pa si te). Bu ça lış ma nın ama cı; obez ve obez ol ma yan ka dın lar da
ae ro bik ka pa si te ve pul mo ner fonk si yon la rı kar şı laş tır mak; obe zi te ve ae ro bik ka pa si te ara sın da -
ki iliş ki yi in ce le mek tir. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr:: Kli ni ği mi ze baş vu ran, beden kit le in dek si (BKİ) 30
kg/m2’den yük sek olan 48 gö nül lü obez ve BKİ nor mal sı nır lar da olan 24 gö nül lü ka dın  ça lış ma -
ya da hil edil di. Her iki grup ta BKİ, bel kal ça ora nı (BKO), vü cut yağ yüz de si (VYY) öl çüm le ri ya -
pıl dı. So lu num fonk si yon test le ri, mak si mum O2 tü ke ti mi (VO2max), mak si mum ven ti las yon
hac mi (VEmax)  ana e ro bik eşik (AT) ve 6 da ki ka yü rü me tes ti öl çül dü. BBuull  gguu  llaarr:: Obez ve kon trol
gru bu nun or ta la ma yaş la rı sı ra sıy la 36.6 ve 33.3 yıl idi. Obez grup ta BKİ, BKO ve VYY an lam lı
ola rak dü şük tü (p< 0.05). İki grup ara sın da bi rin ci sa ni ye de ki zor lu eks pi ra tu ar vo lüm/zor lu vi -
tal ka pa si te, te pe akım hı zı ve mak si mal is tem li ven ti las yon da an lam lı fark bu lun du (p< 0.000).
Obez bi rey ler de, VO2max, VEmax, AT ve 6 da ki ka yü rü me me sa fe si kon trol gru bu na gö re an lam -
lı ola rak dü şük tü (p< 0.05), ve BKİ, BKO ve VYY de ğer le ri bu pa ra met re ler le an lam lı ola rak ko -
re le idi (p< 0.01). SSoo  nnuuçç::  Ça lış ma mız da obez  bi rey le rin ae ro bik ka pa si te si kon trol gru bu na gö re
an lam lı ola rak dü şük bu lu nur ken, ae ro bik ka pa si te nin BKİ, BKO ve VYY ile an lam lı ola rak ilişki -
si sap tan mış tır. So nuç ola rak ae ro bik eg zer siz ler obez bi rey ler de ener ji tü ke ti mi ve ae ro bik ka -
pa si te yi art tır mak için  öne ri le bi lir.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Obezite; solunum fonksiyon testleri; egzersiz 
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eing overweight and obese result from a po-
sitive energy balance created by excess
energy intake, insufficient energy expendi-

ture, or both.1

Obesity is a chronic disease that is associated
with hypertension, cancer, diabetes, and cardio-
vascular disease. The causes of obesity include ge-
netic influences, the environment, neurological,
physiologic, biochemical, cultural, and psychical
factors.2,3 The cause of the rising prevalence of obe-
sity in the general population is unclear, although
there is increasing evidence that reduced physical
activity may play a major role.4 The modern li-
festyle with high-calorie diets and reduced exer-
cise is closely associated to the increase in
percentage of obese subjects.5 Obese persons tend
to be chronically hypoventilated and have reduced
aerobic capacity, because of sedentary life, a heavy
thoracic wall and abdominal mass.6,7

The mechanical work of breathing, reflected
by a higher oxygen cost of breathing, is increased in
obesity.8 The intercostal muscles are forced to
move the large adipose tissue mass overlying the
thorax and the contracting diaphragm work aga-
inst an enlarged and distended abdomen. As the in-
creased work of breathing occurs at reduced lung
volume, a feeling of respiratory distress occurs that
reduces the desire and ability to exercise.8

In obese persons the ability to deliver oxygen
to working muscles and the rate of its use by these
muscles [aerobic capacity, maximum exercise ven-
tilaton (VO2max)] may be reduced, depending on
age, sex, and history.1 Thus, their relative endu-
rance to perform hard work is reduced, causing
them to limit activity to relatively low exercise in-
tensity and for shorter periods.1

A study has indicated that obese patients had
significantly lower anaerobic threshold and peak
oxygen consumption at baseline than the lean pa-
tients.9

In an other study designed to compare diffe-
rences in pulmonary gas exchange at rest and at
peak exercise in two groups of women found that,
morbidly obese women have poorer exercise capa-
city, cardiac efficiency, and compensatory hyper-

ventilation at peak exercise, and poorer gas exc-
hange at rest compared to physically active, non-
obese women.10

The aim of this study was  to compare the ae-
robic capacity, pulmonary functions of obese and
non-obese subjects and to evaluate the relationship
of obesity  with aerobic capacity and pulmonary
functions.

MATERIAL AND METHODS
Fourty eight obese women who admitted to our de-
partment with a body mass index (BMI) ≥ 30 kg/m2

and 24 non-obese women volunteers from the hos-
pital personnel who served as a control group were
participated in the study. It was carried out bet-
ween October 2003 and April 2004 and the study
group was selected among voluntary obese women.   

Informed consent was obtained from all par-
ticipants and the protocol and procedures emplo-
yed were reviewed and approved by the Hospital
Ethical Committee.

All obese and non-obese subjects were evalua-
ted by a detailed clinical, cardiovascular and respi-
ratory examination by the same physician. Hepatic
and renal function tests, serum glucose levels, total
blood counts, electrocardiography (ECG), chest ra-
diographs, erythrocyte sedimantation rates (ESR),
C-reactive protein (CRP), and rheumatoid factor
latex  were measured in order to exclude contrain-
dications as a protocol of this study. Patients suffe-
ring from severe disc herniation, acute sprain or
strain, or symptomatic cardiopulmonary disease
were excluded from the study. 

Body composition was evaluated by represen-
tative parameters such as body mass index (BMI),
percent fat, waist hip ratio (WHR). WHR measured
as the ratio of the minimal abdominal circumfe-
rence to the maximal gluteal protuberance, was
used as an index of body fat distribution.11

The percentage of body fat was determined by
the sum of the skinfold method performed by a sin-
gle observer and Skyndex Skinfold Caliper
(Skyndex electronic body fat calculator system;
Caldwell Justiss) was used for measurements.12

Skinfolds were measured from the dominant side
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and from the biceps, triceps, subscapuar and sup-
railiac sites.

Pulmonary function tests (PFT) were assessed
by a computerised spirometer (Sensor Medics,
Vmax 29, Yorba Linda, CA). Vital capacity (VC),
forced expiratory volume during the first second
(FEV1), forced vital capacity (FVC), FEV1/FVC,
maximal midexpiratory flow rate (FEF25-75), peak
expiratory flow rate (PEF) and maximum volun-
tary ventilation (MVV) were recorded in the sit-
ting position. The values were expressed as
percentage of the predicted normal values accor-
ding to Kory/Polgar. The acceptable three recor-
dings were obtained from manoeuvre and the best
values were chosen for further analysis.

The hallmark of the obstructive pattern is a re-
duction in the FEV1/FVC (in percent; > 69 normal,
61-69 mild obstruction, 45-60 moderate obstruc-
tion, and < 45 severe obstruction). In addition, the
FEV1 is consistently reduced and usually accompa-
nied by a reduction in FVC. The hallmark of the
restrictive pattern is a reduction in the forced vital
capacity accompanied by a proportional drop in the
FEV1.13

The maximum respiratory pressures (MIP: ma-
ximum inspiratory pressure, MEP: maximum expi-
ratory pressure) were carried out using a digital
mouth pressuremeter (MPM, Sensor Medics, Yorba
Linda, CA). MIP was measured with the subject sit-
ting in a chair and breathing in through a mouth-
piece connected to the digital MPM, just after
clamping the nose. MEP was measured following
end-inspiration by the same procedure. Both of the
measurements were carried out three times and
mean values were calculated as MIP and MEP in
cmH20.

Exercise capacity was assessed on a treadmill
using the Bruce protocol (Burdick T600 tread-
mill).14 Maximal aerobic capacity defined as the
maximum  oxygen consumption (VO2max) and  ma-
ximum exercise ventilation (VEmax; defined as the
highest exercise ventilation ) were achieved during
the exercise test. Anaerobic threshold (AT) was
measured by the V-slope method and was expres-

sed as a percentage of the predicted V02max. Heart
rate and time elapsed (min) were computed, ECG
tracing and blood pressure were continuously mo-
nitored. Oxygen saturation was measured by an
oxygen photometer attached to the index finger
(Sensor Medics, Pulse Oximeter, YorbaLinda CA,
USA).

Subjects were instructed to refrain from eating
for at least 3 hours and from drinking for 2 hour
prior to testing. They were given instructions on
how to inform the investigators when they reac-
hed fatigue. All subjects were given information
about the test before beginning. 

Blood pressure was measured before starting
and at the end of each stage of exercise. The test
was discontinued when subjects had angina pecto-
ris or other cardiac symptoms, severe dyspnea, ECG
changes or fatigue.

Six minutes walk test (6MWT), used as a cli-
nical indicator of the functional capacity was per-
formed in the hospital corridor.15 Subjects were
asked to walk at their own pace, and each subject
was instructed to walk as much distance as possible,
in 6 minutes.16

Statistical evaluations were assessed by SPSS
for Windows 11.5 analytical methods included des-
criptive statistics and Student t-test for comparison
of differences between groups and Pearson’s corre-
lation coefficient. Differences of p< 0.05 were taken
as significant. 

RESULTS
All enrolled patients successfully performed the
tests and there were no exclusions or complicati-
ons during the study. Table 1 shows the physical
characteristics of the patients and control group.

There was a significant difference between
two groups for BMI, WHR and fat percentage (p<
0.05) (Table 1).

An obstructive pattern defined by a low FVC,
FEV1 and FEV1/FVC ratio were low in 16.6%  (8
subject) of study group. None of them had restric-
tive ventilatory impairment.
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When pulmonary functions of obese subjects
to non-obese subjects were compared, the values of
FEV1/FVC, FEF25-75, PEF, MVV, MIP, MEP and
chest expansion were significantly lower than con-
trol group (p< 0.05) (Table 2). 

Figure 1, 2, 3 and 4 shows the distribution of
VO2max, VE max, AT and 6 minute walk test of the
obese and non-obese subjects.

VO2max, VEmax, AT and 6 minute walk test
were significantly lower in subjects with obesity
p< 0.05) and BMI, WHR and fat percentage corre-
lated negatively with these parameters (p< 0.01)
(Table 3).

Obese subjects Control 

(n= 48) subjects (n= 24 p*

Age (year) 36.6 ± 3.5 33.3 ± 5.9 0.060

BMI (kg/m²) 35.3 ± 5.3 22.3 ± 3.4 0.000

WHR 0.84 ± 0.1 0.72 ± 0.0 0.000

Fat percentage 34.8 ± 4.2 22.5 ± 1.2 0.000

TABLE 1: Physical characteristics of the obese and
control subjects.

BMI: Body mass index,  WHR: Waist hip ratio, *p< 0.05 Significant.

Obese subjects Control subjects

(n= 48) (n= 24 p*

FVC (%) 105.4 ± 11.1 103.8 ± 15.2 0.344

FEV1 (%) 96.0 ± 16.4 104.0 ± 14.2 0.313

FEV1 /FVC (%) 76.1 ± 5.6 95.4 ± 10.2 0.000

FEF25-75 (%) 63.3 ± 20.7 101.1 ± 15.5 0.000

PEF (%) 76.0 ± 11.2 106.4 ± 10.6 0.000

VC (%) 80.6 ± 22.8 103.7 ± 14.5 0.378

MVV (%) 80.6 ± 22.8 147.5 ± 42.8 0.000

MIP (cmH20) 53.0 ± 9.4 69.3 ± 11.0 0.002

MEP (cmH20) 66.3 ± 13.3 78.3 ± 3.8 0.017

Chest expansion (cm) 2.7 ± 1.1 4.9 ± 0.7 0.000

TABLE 2: Pulmonary functions of obese and
control subjects.

MIP:Maximum inspiratory pressure,  MEP: Maximum expiratory pressure,
FVC: Forced vital capacity, FEV1: Forced expiratory volume in 1 second,  
FEF25-75 : Maximal midexpiratory flow rate 25% and 75%,  PEF: Peak expiratory
flow, VC: Vital capacity, MVV: Maximum voluntary ventilation, *p<0.05 significant

FIGURE 1: Maxsimum VO2 consumption in obese and non-obese subjects

FIGURE 2: Maximum exercise ventilation in obese and non-obese subjects.

FIGURE 3: Anaerobic threshold in obese and non-obese subjects..
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BMI, WHR and fat percentage negatively cor-
related with VO2, VEmax, AT and 6 minute walk test
(p< 0.01) (Table 4).

DISCUSSION
We investigated the differences in aerobic capa-
city between obese and non-obese women. Obese
subjects had lower aerobic capacity as compared
with that of normal subjects. Our study showed
that obese subjects have high WHR in addition to
excess body fat percentage and have lower aerobic
capacity compared to non-obese subjects. In addi-
tion, the relationship between body composition
and aerobic capacity was evaluated. BMI, WHR
and fat percentage inversely correlated with VO2,
VEmax, AT and and 6-minute walk test. Obese
persons tend to be chronically hypoventilated and
have reduced aerobic capacity, because of seden-
tary life, a heavy thoracic wall and abdominal
mass.6

Several respiratory factors have been identi-
fied that limit exercise tolerance in obese persons,
these can be listed as increased metabolic and as-
sociated ventilatory requirements to perform exer-
cise, increased cost of breathing because of  the
high breathing frequency and the interfering chest
wall and abdominal fat, and pulmonary insuffici-
ency related to the heavy work of breathing and
lung atelectasis1. These changes in pulmonary func-
tion exacerbate the ventilatory strain associated
with exercise, and the high metabolic cost of bre-
athing reduces exercise tolerance and the amount
of work accomplished in a given time, thus increa-
sing the imbalance between energy intake and ex-
penditure.1

VO2max (ml/kg/min) VEmax (l/min) AT(mL) 6 minute walk test (m)

BMI (kg/m2) r= -0.612 r= -0.577 r= -0.381 r= -0.698

p= 0.000 p= 0.000 p= 0.001 p= 0.000

WHR r= -0.416 r= -0.857 r= -0.354 r= -0.579

p= 0.000 p= 0.000 p= 0.002 p= 0.000

Fat percentage r= -0.575 r= -0.780 r= -0.476 r= -0.820

p= 0.000 p= 0.000 p= 0.000 p= 0.000

TABLE 4: The relationship between obesity parameters and VO2max, VEmax, AT and 6 minute walk test*

BMI: Body mass index,  WHR: Waist hip ratio, VO2max: Maximum O2 uptake,  VEmax: Maximum exercise ventilation, AT: Anaerobic threshold, *p< 0.05 significant.

Obese subjects Control subjects

(n= 48) (n= 24) p*

VO2 (ml/kg/min) 21 ± 2.6 28.7 ± 1.8 0.000

VEmax (l/min) 60.6 ± 6.3 86.3 ± 6.1 0.000

AT (mL) 1.5 ± 0.3 2.0 ± 0.5 0.024

6 minute walk test (m) 337.9 ± 33.5 471.7 ± 43.0 0.000

TABLE 3: VO2max, VEmax, AT and  6 minute walk test  of
obese and control subjects.

MIP: Maximum inspiratory pressure,  MEP: Maximum expiratory pressure,
FVC: Forced vital capacity, FEV1: Forced expiratory volume in 1 second,  
FEF25-75: Maximal midexpiratory flow rate 25% and 75%,  PEF: Peak expiratory flow,
VC: Vital capacity, MVV: Maximum voluntary ventilation, *p< 0.05 significant

FIGURE 4: Six minute walk test in obese and non-obese subjects.



Body weight adjusted for stature is universally
used as an alternative to the measurement of adi-
pose tissue mass in the evaluation of individuals or
population for obesity. Many studies have shown
that BMI is a reasonable measure of adiposity1. Our
study indicates that BMI has an effect on the
VEmax.

Excessive body fat content extremely affects
aerobic capacity. Adiposity diminishes weight-re-
lative maximal aerobic capacity (VO2max

mL/kg/min).17 Our study showed that obese sub-
jects have high WHR in addition to excess body fat
percentage and have lower exercise tolerance com-
pared with normal subjects.

Increase in body fat produce more direct ef-
fect on components of the oxygen delivery chain,
particularly those factors that affect cardiovascular
function.17,18

We showed a statistically significant negative
correlation between obesity and 6 minutes walk
test. In the 6 minutes walk test, obesity women
walked, on average 56.3 m/minute while normal
subjects walked 78.7 m/min. Slowness of obese
might be due to the heavier weight, musculoskele-
tal pain in the lower limbs, and lower cardiovascu-
lar fitness.19,20

The Bruce test revealed more serious shortco-
mings. Patients ran modest distances and became
tired shortly after the start of the treadmill proce-
dure, and yet they paid a steep metabolic price in
the form of O2 consumption.21 For many years, it
has been noticed that endurance is restricted in the
presence of excessive body weight, subjects become
quickly exhausted, and energy cost is excessive, ref-
lecting poor cardiopulmonary performance along
with the effects of a chronically sedentary li-
festyle.21

Physical inactivity may be a significant effect on
aerobic capacity in obesity. Although there are many
social and behavioral factors that determine physical
activity habits, obesity can be the determinant of
exercise patterns, and therefore obese subjects can be
less active than lean subjects.22 It seems more likely

that VO2 max is affected by sedentary behaviours as
well as the effect of the obesity.22

Population surveys using BMI have generally
reported lower levels of pulmonary function
among subcets with high BMI and longitudinal
analyses have found that BMI gain is associated
with accelerated loss of pulmonary fuction.23,24

Obesity has been associated with respiratory
complications such as obstructive sleep apne, obe-
sity hypoventilation syndrome and it is believed to
reduce lung volumes.25

In adults, pulmonary function abnormalities are
well reported complications of obesity; the most fre-
quently reported abnormalities are reductions in
lung volumes and expiratory flow rates.26-28 Costa et
al showed that obesity causes significant changes in
respiratory function considerable changes in the
components of pulmonary function tests similarly to
our study but none of their patients showed obs-
tructive or restrictive pattern.29 An obstructive pat-
tern defined by a low FEV1, FVC, FEV1/FVC ratio
was observed in 16.6% of our patients. 

Exercise has been recommended by most
major health organization in conjunction with obe-
sity treatment; however, the amount of weight loss
due to exercise has been modest.27

It is difficult for obese people to develop the
exercise habit and even if they join a supervised
exercise program they generally do not continue to
exercise when they leave the program.30 Several
reasons for lessening activity were cited, but una-
vailable time, poor motivation, and loss of social
support predominanted.1

To reduce body weight and fat, exercise must
involve reasonably high energy expenditure. This
can be accomplished by activities as walking, hi-
king, stair climbing, lawn moving, dancing, jog-
ging, or cross-country skiing.1

Given that physical activity increases energy
expenditure, it is important to consider a physically
active lifestyle for both prevention and treatment
of obesity. A physically active lifestyle can help to
improve cardiorespiratory fitness; promote flexibi-
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lity, mobility, and physical self-confidence; modify
risk factors associated with the development of car-
diovascular disease and maturity-onset diabetes;
allow weight loss with larger food intake that stil is
nutritionall adequate.1

Lower aerobic capacity is considered to be a
general characteristic of female obese subjects. The
primary goal of a weight loss program is to reduce
fat volume, rather than total weight. Exercise has
been considered to be the cornerstone in treatment
regimens for obese indivuals, and aerobic exercise
has traditionally been advocated as the most sui-
table exercise type.31

Ballor and Keesey showed that weight loss
after aerobic exercise training was modest in both
sexes and associated with reductions in fat mass.31

CONCLUSION
This study demonstrates that aerobic capacity is
impaired in obese subjects, indicating that their
depressed levels of aerobic capacity (low peak VO2)
is related to BMI, WHR and percentage fat. This
implies that therapeutic (aerobic exercise) exercise
programs for obese subjects may be appropriately
designed to increase caloric expenditure and im-
prove aerobic capacity.

REFERENCES

1. Hoffmann DJ, Gallagher D. Obesity and
weight control. In: Gonzalez GE, Myers SJ,
Edelstein JE, Lieberman JS, Downay JA, eds.
Downey and Darlings’s Physiological Basis of
Rehabilitation Medicine. 3rd ed. Boston: But-
terworth-Heinemann; 2001.p.485-505.

2. Hill JO, Melanson EL Overview of the deter-
minants of overweight and obesity: current ev-
idence and research issues. Med Sci Sports
Exerc 1999;31(11 Suppl):S515-21.

3. Andersson LB. Genes and obesity. Ann Med
1996;28(1):5-7.

4. Weinsier RL, Hunter GR, Heini AF, Goran
MI, Sell SM. The etiology of obesity: relative
contribution of metabolic factors, diet, and
physical activity. Am J Med 1998;105(2):145-
50.

5. Miyatake N, Nishikawa H, Fujii M. Clinical
evaluation of physical fitness in male obese
Japanese. Chin Med J (Engl)  2001;114(7):
707-10.

6. Faintuch J, Souza SA, Valezi AC, Sant'Anna
AF, Gama-Rodrigues JJ. Pulmonary function
and aerobic capacity in asymptomatic bariatric
candidates with very severe morbid obesity.
Rev Hosp Clin Fac Med Sao Paulo
2004;59(4):181-6.

7. Joris JL, Sottiaux TM, Chiche JD, Desaive CJ,
Lamy ML. Effect of bi-level positive airway
pressure (BiPAP) nasal ventilation on the
postoperative pulmonary restrictive syndrome
in obese patients undergoing gastroplasty.
Chest 1997;111(3):665-70.

8. Cherniak RM, Guenter CA. The efficiency of
the respiratory muscle in obesity. Can J
Biochem Physiol 1961;39:1215-22.

9. Lavie CJ, Milani RV. Effects of cardiac reha-
bilitation and exercise training on peak aerobic
capacity and work efficiency in obese patients
with coronary artery disease. Am J Cardiol.
1999;83(10):1477-80, A7.

10. Zavorsky GS, Murias JM, Kim do J, Gow J,
Christou NV. Poor compensatory hyperventi-
lation in morbidly obese women at peak exer-
cise. Respir Physiol Neurobiol 2007;159(2):
187-95.

11. Katzel LI, Sorkin JD, Goldberg AP. Exercise-
induced silent myocardial ischemia and future
cardiac events in healthy, sedentary, middle-
aged and older men. J Am Geriatr Soc
1999;47(8):923-9.

12. Durnin JV, Womersley J. Body fat assessed
from total body density and its estimation from
skinfold thickness: measurements on 481 men
and women aged from 16 to 72 years. Br J
Nutr 1974;32(1):77-97.

13. Weber KT. Principles and applications of car-
diopulmonary exercise testing. In: Fishman AP
ed. Fishman’s Pulmonary Diseases and Dis-
orders. 3rd ed. NewYork:  McGraw-Hill Profes-
sional; 1998.p.576–88.

14. Duncan GE, Anton SD, Newton RL Jr, Perri
MG. Comparison of perceived health to phys-
iological measures of health in Black 
and White women. Prev Med 2003;36(5):
624-8.

15. Al Ameri HF. Six minute walk test in respira-
tory diseases: A university hospital experi-
ence. Ann Thorac Med 2006;1(1):16-9.

16. Ekblom B, William D, Hartley H, Moore E,
Wear R. Reproducibility of exercise prescribed
by pace description. Scand J Sports Sci

1979;1(1):16-9.

17. Rowland T, Bhargava R, Parslow D, Heptulla
RA. Cardiac response to progressive cycle
exercise in moderately obese adolescent 
females. J Adolesc Health 2003;32(6):
422-7.

18. Alpert M, Alexander JK. Cardiac morphology
and obesity in man. The Heart and Lung in
Obesity. 1st ed.  Armonk NY: Future Publish-
ing Co; 1998.p.25-44.

19. Hulens M, Vansant G, Lysens R, Claessens
AL, Muls E. Exercise capacity in lean versus
obese women. Scand J Med Sci Sports
2001;11(5):305-9.

20. Mattson E, Larsson UE, Rössner S. Is walk-
ing for exercise too exhausting for obese
women? Int J Obes 2001;21(5):380-6.

21. Souze MSF, Cardoso AL, Yasbek JP,
Faintuch J. Aerobic endurance, energy ex-
penditure and leptin response in obese seden-
tary prepubertal children submitted to a short
term treadmill protocol. Rev Hosp Clin
2004;59(4):181-6.

22. Andreacci JL, Robertson RJ, Dubé JJ, Aaron
DJ, Dixon CB, Arslanian SA. Comparison of
maximal oxygen consumption between obese
black and white adolescents. Pediatr Res
2005;58(3):478-82.

23. Chen Y, Horne SL, Dosman JA. Body weight
and weight gain related to pulmonary function
decline in adults: a six year follow up study.
Thorax 1993;48(4):375-80.

24. Dontas AS, Jacobs DR Jr, Corcondilas A,
Keys A, Hannan P. Longitudinal versus cross-
sectional vital capacity changes and affecting
factors. J Gerontol 1984;39(4):430-8.



THE ASSESSMENT OF AEROBIC CAPACITY IN OBESE WOMEN Müyesser OKUMUŞ et al

Turkiye Klinikleri J Cardiovasc Sci 2009;21(3) 327

25. Collins LC, Hoberty PD, Walker JF, Fletcher
EC, Peiris AN. The effect of body fat distribu-
tion on pulmonary function tests. Chest
1995;107(5):1298-302.

26. Koenig SM. Pulmonary complications of obe-
sity. Am J Med Sci 2001;321(4):249-79.

27. Lazarus R, Sparrow D, Weiss ST. Effects of
obesity and fat distribution on ventilatory func-
tion: the normative aging study. Chest 1997;
111(4):891-8.

28. Li AM, Chan D, Wong E, Yin J, Nelson EA,
Fok TF. The effects of obesity on pulmonary
function. Arch Dis Child 2003;88(4):
361-3.

29. Costa D, Barbalho MC, Miguel GP, Forti EM,
Azevedo JL. The impact of obesity on pul-
monary function in adult women. Clinics (Sao
Paulo) 2008;63(6):719-24.

30. Ruderman N, Devlin JT, American Diabetes

Association. Diabetes and exercise:  The
Health Professional's Guide to Diabetes and
Exercise. 1st ed. Alexandria VA: American Di-
abetes Association; 1995.p.3-4. 

31. Ballor DL, Keesey RE. A meta-analysis of the
factors affecting exercise-induced changes in
body mass, fat mass and fat-free mass in
males and females. Int J Obes 1991;15(11):
717-26.


