
Abstract: The aim of this study was to
examine the effects of weight loss induced by
hypocaloric diet and orlistat therapy for a
four-week period on maximal work rate
(Wmax) production capacity and aerobic
fitness in obese patients. Fifteen obese
subjects were given an integrated energy
restricted diet and orlistat supplement (DO).
Each patient performed two incremental
ramp exercise tests using an
electromagnetically braked cycle ergometer:
one at the beginning and one at the end of the
four-weeks to determine Wmax production
capacity. Four weeks of DO therapy resulted
in a significant reduction in total body weight
(93.7 ± 14.6 kg vs. 90.3 ± 13.5 kg, P =
0.0001) and body fat mass (37.8 ± 6.4 kg vs.

35.9 ± 7.1 kg, P = 0.003). However, weight
reduction achieved during DO therapy was not
associated with increased Wmax production
capacity: 100 ± 31 W (basal) vs. 103 ± 31 W
(four-week) (P = 0.3) and aerobic fitness:
69.2 ± 19 W (basal) vs 66.7 ± 19 W (four-
week) (P = 0.5). Body weight reduction
without improving obese patients’ Wmax
production capacity during the DO therapy
period indicates that physicians should
consider an exercise training program, which
is expected to improve obese patients’
functional capacity. 
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Introduction

Obesity, defined as body mass index (BMI, weight in
kilograms divided by height in m2) above 30 kg/m2 due to
an increased accumulation of fat mass, is an important
risk factor leading to serious medical conditions, including
glucose intolerance, increased blood pressure, altered
lipid parameters, haemostatic variables and increased
insulin resistance (1-3). However, 5-10% weight loss as
a result of obesity treatment has been shown to
significantly reduce these risk factors (4).

In obesity treatments various pharmacological agents
have been introduced as an effective way to reduce body
weight. Orlistat (XenicalTM) is one of the pharmacological
agents promoting weight loss in obese subjects by
inhibiting pancreatic lipase enzyme (5). The specific
effects of long-term orlistat therapy on body weight and
body composition have been shown in previous studies
(6,7). 

On the other hand, decreased physical fitness, which
is one of the biggest problems in obesity, has been shown
to be associated with a marked increase in all causes of

mortality (8). It is known that obesity often results in a
progressive decline in exercise performance and aerobic
fitness because of a vicious cycle of physical inactivity and
deconditioning (9). Increased physical fitness thus
becomes an important part of obesity treatment in
addition to reducing body weight. The effects of short-
term orlistat therapy on obese patients’ maximal exercise
(Wmax) performance and aerobic fitness have not been
shown yet. 

In the present study, we examined the effects of
weight loss induced by four weeks of orlistat therapy
combined with a hypocaloric diet (DO) on body
composition, Wmax performance and aerobic fitness in
obese patients.

Materials and Methods

A total of 15 obese patients (12 female and 3 male),
whose body mass index (BMI) varied between 31.4 kg/m2

and 43.7 kg/m2 participated. The mean (± SD) values of
the patient characteristics are presented in Table 1. 
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Before the start of the study, all subjects underwent a
pre-participation medical exam, including screening for
normal glucose tolerance, hormonal analyses (for
Cushing’s disease and/or hypothyroid etc.), plasma lipid
profiles and ECG for cardiovascular risk assessment. They
were also screened for any medications known to affect
body composition or physical activity. All patients had the
risks of the experiment explained to them and signed an
informed consent document. The test procedures were
approved by the Institutional Review Board for the Use of
Human Subjects at the F›rat University Department of
Endocrinology and Metabolic Diseases in Elaz›¤. 

Anthropometric measurements were taken of all
subjects, including height and weight. During the study,
body weight, body mass index (BMI) and body
composition were assessed at least once per week
between 8 and 10 am using the leg-to-leg bio-electrical
impedance method (Tanita Body Fat Analyser, model TBF
300), which has been shown to provide accurate
assessments of fat-free mass in obese subjects and
changes in fat mass with diet (10). 

All obese patients underwent energy restriction with a
hypocaloric diet coupled to drug therapy (orlistat 3 x 120
mg/day), which has been reported to be the optimal
dosage (11). The energy content of the diet given to the
subjects (hypocaloric diet) was 1200-1600 kcal/day
(generally, 1400 kcal/day).

The patients fasted overnight (no food or drink) and
were also requested to refrain from taking drugs or
caffeine for twelve hours before the test. After becoming
familiar with the testing equipment, a symptom-limited
maximal exercise test was performed by each subject to
assess cardiopulmonary and metabolic functional capacity. 

Each patient performed two incremental ramp tests
as described by Whipp et al. (12) at a work rate of 15
W/min using an electromagnetically-braked cycle
ergometer (LODE, Groningen, The Netherlands): one on
the first day of the study and the second at the end of the
four weeks. 

The exercise test protocol consisted of three phases:
initially, the subjects started pedalling for four minutes at
a power of 20 W (60 rpm) as a warm-up period,
followed by an incremental period where the work rate
was increased by 15 W/min with a work rate controller
until the subjects could no longer maintain the work rate,
and finally a recovery period where the cycle ergometer

power was abruptly reduced back to 20 W and the
subjects continued to cycle for another four minutes. 

During the exercise test the aerobic to anaerobic
metabolic transition point (the anaerobic threshold) was
estimated non-invasively using relationships between
minute ventilation (VE l/min, BTPS) to metabolism (13).
O2 consumption (ml/min) in response to the progressively
increasing work rate exercise test was estimated
indirectly (14). During exercise, VE, (l, BTPS) and
breathing parameters were measured with a spirometer
(PONY, COSMED). Throughout the test, the subjects had
to wear a heart rate monitor (Polar heart watch) to
measure heart beat. Predicted heart rate in obese
subjects was estimated using the formula introduced by
Miller et al. (15). Heart rate reserve was estimated from
the differences between heart rate at maximal exercise
performance and at rest.

A paired t test was used to evaluate the statistical
significance of differences between values for the basal
and four-week levels in both studies. Differences were
considered significant at p < 0.05.

Results

The changes in body composition four weeks of after
progressive supervised therapy with hypocaloric diet and
orlistat (DO) are shown in Figure 1. 

Four weeks of DO treatment resulted in a significant
reduction in total body weight 93.7 ± 14.6 kg (basal) vs.
90.3 ± 13.5 kg (four-week), (i.e. a 3.62% reduction, P
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Figure 1. The mean (± SD) reduction of total body weight, fat mass
(FM), fat-free mass (FFM) and body mass index (BMI) in
response to 4 weeks of diet and orlistat therapy in obese
patients. These values reflects the percentage of
differences between the basal and four-week periods.
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= 0.0001) and BMI 36.1 ± 3.4 kg/m2 vs. 34.8 ± 3.3
kg/m2 (i.e. a 3.6% reduction, P = 0.0001), respectively
(Table 1). In addition, body fat mass also decreased from
37.8 ± 6.4 kg (basal) to 35.9 ± 7.1 kg (four-week), i.e.
a 5.02% reduction (Table 1) (P = 0.003). However, the
fat-free mass decrease was not statistically significant:
55.4 ± 11.6 kg (basal) vs. 54.0 ± 10.5 kg (four-week)
(Table 1) (P = 0.06). 

Reduction in body weight during the four-week
therapy period did not have a significant effect on
subjects, maximal work rate production capacity (Table
2). The maximal work rate was 100 ± 31 W for the basal
and 103 ± 31 W for the four-week test (P = 0.3).
Similarly, work rate at the metabolic transition point did
not change: 69.2 ± 19 W (basal) vs. 66.7 ± 19 W (four-
week) (Table 2) (P = 0.5). In contrast, work production
capacity with regard to each kilogram of body weight
(Wmax divided by body weight) increased significantly (P
= 0.04) from 1.068 ± 0.24 W/kg (basal) to 1.140 ±
0.26 W/kg (four-week) (Table 2, Figure 2). Estimated O2

uptake did not change significantly: 1773 ± 390 ml/min

(basal) vs. 1760 ± 386 ml/min (four-week) (Table 2) (P
= 0.5). 

The effects of four-week DO therapy on obese
patients, heart rate responses to incremental exercise
tests are shown in Figure 3. Heart rate at Wmax was
165.2 ± 16 beat/min (basal) (91% of predicted) and
162.5 ± 17 beat/min (four-week) (90% of predicted)
(Table 3). Heart rate reserve did not change significantly
79.7 ± 19 beats (basal) and 78.6 ± 17 beats (four-week)
(Table 3) (P = 0.3).

Discussion

As expected, Wmax production capacity in obese
patients was systematically lower than in normal subjects
(16,17). Reduced Wmax capacity in obese patients could
be related to different factors such as altered muscle fibre
type (decreased type I and increased type II) (18),

Table 1. Mean (± SD) values and ranges for patients physical
characteristics body weight, body mass index (BMI), fat-
free mass (FFM), and fat mass at the onset of the study
(basal) and at the end of four weeks of treatment with diet
and orlistat.

Basal (Range) Four-week (Range)

Age (y) 37.9 ± 9.4 (18-53) -
Height (cm) 160.8 ± 8.9 (145-183) -
Weight (kg) 93.7 ± 14.6 (78.5-127.8) 90.3 ± 13.5* (76.8-118)
BMI (kg/m2) 36.1 ± 3.4 (31.4-43.7) 34.8 ± 3.3* (30.8-42.4)
FFM (kg) 55.4 ± 11.6 (40.9-86) 54.0 ± 10.5 (42.4-82.5)
Fat mass (kg) 37.8 ± 6.4 (29.1-49.2) 35.9 ± 7.1* (28.1-49.7)

* Indicates significant differences from basal values

Table 2. Mean (± SD) values for maximal work rate production
(Wmax), maximal power production capacity with regard
to body weight, work rate at the anaerobic threshold (AT)
and estimated peak O2 uptake (VO2 peak) at the onset of
the study (basal) and at the end of the four week treatment
period.

Basal 4 wk

Wmax (W) 100 ± 31 103 ± 31 
Wmax/BW (W/kg) 1.068 ± 0.24 1.141 ± 0.26*
AT (W) 69.2 ± 19 66.7 ± 19
VO2 peak (ml/min) 1773 ± 390 1760 ± 386

* Indicates significant differences from  basal values
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Figure 2. A comparison of obese patients’ maximal work production
capacities with regard to total body weight at the beginning
of the study (white column) and at the end of the four-week
period (black column).
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Figure 3. Heart rate response to the progressively increasing work
rate exercise test: at rest, during warm-up period, at
anaerobic threshold and at maximal exercise performance
for the basal (o) and four-week periods (∇ ).



cardiovascular factors (reduced left ventricular
contractility (19), and pulmonary factors (20). 

In our study, despite significantly reduced body
weight and fat mass, aerobic fitness as indicated by work
rate at the anaerobic threshold and Wmax production
capacity did not increase in obese patients. The anaerobic
threshold reflecting the aerobic to anaerobic metabolic
transition point is a widely used criterion to determine
aerobic fitness (21). However, it should be remembered
that amount of decrease in total body weight (3.38%)
during a short therapy period may be responsible for
unaltered aerobic fitness and Wmax production capacity.
A longer pharmacological treatment period, which may
result in more reduction of body weight, could be
effective in increasing aerobic fitness and Wmax
production capacity in obese patients. The beneficial
effects of modest weight loss (5-10%) on risk factors
related to obesity have been shown in previous studies (4,
22).

Physical fitness provides important information on the
risk of death, and small improvements in physical fitness
have been shown to be associated with a significantly
lowered risk of death even in healthy people (23).
Furthermore, it has been shown that unfit subjects have
a higher risk than fit subjects with similar BMI (24), and
that unfit lean men have a higher risk of all-cause
mortality than fit but obese ones (25). Fitness thus seems
to protect against the influence of these other predictors
of mortality (8,25).

Increased physical activity (especially endurance
training) is regarded as a fundamentally important

component in the prevention and treatment of obesity
and its comorbidities (26,27). Furthermore, it has been
reported that increased cardiopulmonary fitness in obese
patients is an important factor in the mortality rate (28). 

We also observed that reduced body weight in
response to DO therapy did not have an important effect
on the heart rate work rate relationships (Figure 3). The
heart rate achieved at Wmax performance was
significantly lower than predicted values in both ramp
tests. Furthermore, obese patients consumed nearly 50%
of their heart rate reserve at a work rate of 20 W cycling,
performed as a warm-up period. In obese patients,
increased body weight and increased metabolic activity
results increased cardiac output, even at rest. Thus,
during exercise, increased cardiac output did not correlate
with increased metabolic demands (29). It has also been
shown that cardiac performance during exercise is an
important factor in exercise capacity (30). 

In conclusion, reduction in body weight does not of
itself increase obese patients, Wmax production capacity
and aerobic fitness. An exercise training programme
which is known to increase aerobic fitness and work
capacity in addition to diet and pharmacological treatment
should therefore be added in obesity therapy.

Correspondence author: 

O¤uz ÖZÇEL‹K

F›rat University, Faculty of Medicine,

Department of Physiology, Elaz›¤ - TURKEY

E-mail: oozcelik@excite.com or oozcelik@firat.edu.tr

Effects of Short-Term Orlistat Therapy on Maximal Power Production Capacity in Obese Patients

496

References

1. Hubert HB, Feinleib M, McNamara PM,
Castelli WP. Obesity as an independent
risk factor for cardiovascular disease: a
26-year follow-up of participants in the
Framingham Heart Study. Circulation
67: 968-977, 1983.

2. Pi-Sunyer FX. Medical hazards of obesi-
ty. Ann Intern Med  119: 655-660,
1993.

3. Jung RT: Obesity as a disease. Br Med
Bull 53: 307-321, 1997.

4. Goldstein DJ. Beneficial health effects of
modest weight loss. Int J Obes Relat
Metab Disord 16: 397-415, 1992.

Table 3. Mean (± SD) values for heart rate at rest, during the warm-up period, at anaerobic threshold, maximal work rate (Wmax), predicted heart
rate and heart rate reserve for the basal and at the end of the four-week periods.

Rest Warm-up AT Maximal Predicted Reserve
(beat/min) (beat/min) (beat/min) (beat/min) (beat/min) (beat)

Basal 85.4 ± 13 128.6 ± 18 146.4 ± 17 165.2 ± 16 181.0 ± 4 79.7 ± 19
Four-week 83.8 ± 14 123.9 ± 22 139.9 ± 19 162.5 ± 17 - 78.6 ± 17 



O. ÖZÇEL‹K, R. ÇOLAK, A. B. TÜRKO⁄LU

497

5. Uusitupa M. New aspects in manage-
ment of obesity: operation and impact of
lipase inhibitors. Curr Opin Lipidol 10:
3-7, 1999.

6. James WP, Avenell A, Broom J, White-
head J. A one-year trial to assess the
value of orlistat in the management of
obesity. Int J Obes Relat Metab Disord
21: 24S-30S, 1997.

7. Davidson MH, Hauptman J, Di Girolamo
M, Foreyt JP, Halsted CH, Heber D,
Heimburger DC, Lucas CP, Robbins DC,
Chung J, Heymsfield SB. Weight control
and risk factor reduction in obese sub-
jects treated for 2 years with orlistat: a
randomised controlled trial. JAMA  20:
235-242, 1999.

8. Blair SN, Kohl III HW, Barlow CE, Paf-
fenbarger RS Jr, Gibbons LW, Macera
CA. Changes in physical fitness and all-
cause mortality. A prospective study of
healthy and unhealthy men. JAMA 273:
1093-1098, 1995.

9. Jebb S., Moore MS. Contribution of a
sedentary lifestyle and inactivity to the
etiology of overweight and obesity: cur-
rent evidence and research issues. Med
Sci Sports Exerc 31: 534S-541S,
1999.

10. Utter AC, Nieman DC, Ward AN, Butter-
worth DE. Use of the leg-to-leg bioelec-
trical impedance method in assessing
body-composition change in obese
women. Am J Clin Nutr 69: 603-607,
1999.

11. Van Gaal LF, Broom JI, Enzi G, Toplak
H. Efficacy and tolerability of orlistat in
the treatment of obesity: a 6-month
dose-ranging study. Eur J Clin Pharma-
col 54: 125-132, 1998. 

12. Whipp BJ, Davis JA, Torres F, Wasser-
man K. A test to determine parameters
of aerobic function during exercise. J
Appl Physiol 50: 217-221, 1981.

13. Wasserman K, Whipp BJ, Casaburi R,
Oren A. Coupling of ventilation to
metabolism during exercise. In: Exercise
bioenergetics and gas exchange, Eds.
Ceretelli, Whipp, Elsevier, Amsterdam
1980, 159-174.

14. Wasserman K, Whipp BJ. Exercise phys-
iology in health and disease. Am Rev
Respir Dis 112: 219-249, 1975.

15. Miller WC, Wallace JP, Eggert KE. Pre-
dicting max HR and HR-VO2 relation-
ship for exercise prescription in obesity.
Med Sci Sports Exerc 25: 1077-1081,
1991.

16. Hansen JE, Sue DY, Wasserman K. Pre-
dicted values for clinical exercise test-
ing. Am Rev Respir Dis 129: 49-55,
1984.

17. Jones NL, Makrides L, Hitchcock C,
Chypcar T, McCartney N. Normal stan-
dards for an incremental progressive
cycle ergometer test. Am Rev Respir Dis
131: 700-708, 1985.

18. Kissebah AH, Krakower GR. Regional
adiposity and morbidity. Physiol Rev
74: 761-811, 1994.

19. Nakajima T, Fujioka S, Tokunaga K,
Matsuzawa Y, Tarui S. Correlation of
intra-abdominal fat accumulation and
left ventricular performance in obesity.
Am J Cardiol 64: 369-373, 1989.

20. Babb TG, Korzick D, Meador M, Hodg-
son JL, Buskirk ER. Ventilatory
response of moderate obese women to
submaximal exercise. Int J Obes 15: 59-
65, 1991.

21. Wasserman K, Hansen JE, Sue DY,
Whipp BJ. Principles of exercise testing
and interpretation (Ed. JM Harris) Lea &
Febiger Publisher: Philadelphia, 1994
pp: 52-72.

22. Van Gaal LF, Wauters MA, De Leeuw
ICH. The beneficial effects of modest
weight loss on cardiovascular risk fac-
tors. Int J Obes Relat Metab Disord 21:
5S-9S, 1997.

23. Erikssen G, Liestol K, Bjornholt J,
Thaulow E, Sandvik L, Erikssen J.
Changes in physical fitness and changes
in mortality. Lancet 352: 759-762,
1998.

24. Lee CD, Jackson AS, Blair SN. US
weight guidelines: is it also important to
consider cardiorespiratory fitness? Int J
Obes Relat Metab Disord 22: 2S-7S,
1998.

25. Lee IM, Hsieh CC, Paffenbarger RS Jr.
Exercise intensity and longevity in men.
The Harvard Alumni Health Study.
JAMA 273: 1179-1184, 1995.

26. Barlow CE, Kohl HW, Gibbons LW, Blair
SN. Physical fitness, mortality and obe-
sity. Int J Obes Relat Metab Disord 19:
41S-44S, 1995.

27. Grundy SM, Blackburn G, Higgins M,
Lauer R, Perri MG, Ryan D. Physical
activity in the prevention and treatment
of obesity and its comorbidities: evi-
dence report of independent panel to
assess the role of physical activity in the
treatment of obesity and its comorbidi-
ties. Med Sci Sports Exerc 31: 1493-
1500, 1999.

28. Lee CD, Blair SN, Jackson AS. Car-
diorespiratory fitness, body composi-
tion, and all-cause and cardiovascular
disease mortality in men. Am J Clin Nutr
69: 373-380, 1999.

29. Alexander JK, Amad KH, Cole VW.
Observations on some clinical features
of extreme obesity, with particular refer-
ence to circulatory effect. Am J Med 32:
512-524, 1962.

30. Salvadori A, Fanari P, Fontana M, Buon-
tempi L, Saezza A, Baudo S, Miserocchi
G, Longhini E. Oxygen uptake and car-
diac performance in obese and normal
subjects during exercise. Respiration
66: 25-33, 1999.


