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DRUG EVALUATION

Effi cacy, safety and tolerability of orlistat, 
a lipase inhibitor, in the treatment of adolescent 
weight excess

Adolescent obesity is one of the most refractory 
health problems facing the health professional 
today. Long-term follow-up studies indicate 
that obese children have a 15-fold greater risk 
of becoming obese adults compared with those 
children and adolescents who are not obese [1]. It 
is a chronic condition that can affect emotional 
and physical quality-of-life [2]. It is also the sin-
gle most signifi cant risk factor for complications 
such as Type 2 diabetes and cardiovascular dis-
ease. The prevalence of obesity in the pediatric 
age group is increasing at an alarming rate world-
wide. In the USA, the proportion of obese ado-
lescents aged 12–19 years was 15.5% in 1999–
2000, compared with 10.5% in 1988–1994. 
This increase is even more pronounced in ethnic 
minorities [3]. A similar increase was observed in 
European countries and the prevalence of over-
weight adolescents is now 10–20% in northern 
European countries and 20–35% in southern 
European countries [4]. Despite constant media 
focus on this ‘obesity epidemic’, and awareness 
of the effects of excess body fat on health, the 
existing preventative and therapeutic measures 
have not succeeded in curbing the prevalence of 
adolescent obesity.

Treatment of pediatric obesity remains a 
diffi cult process. Recommended approaches 
classically include improved diet, decreased 
inactivity and long-term changes in behavior 
together with family involvement. However, the 
outcome of these interventions remains poor 
[5], and health professionals are turning towards 
adjuvant measures such as pharmacotherapy 
[6] and bariatric surgery [7]. Pharmacological 
options are presently limited in obese children 

and adolescents, and there is a need for new 
effective pharmaco logical agents that will 
promote long-term weight loss in adolescents, 
while offering a reassuring safety profi le. Only 
three drugs have received extensive attention 
in the pediatric age group: sibutramine, met-
formin and orlistat. In addition, rimonabant, 
a specifi c inhibitor on cannabinoid receptor 1 
that reduces food intake, is approved for the 
treatment of obesity in adults [8], but has to 
our knowledge not been investigated in adoles-
cents. Rimonabant has not received US FDA 
approval and is not marketed in North America 
for adults or adolescents. Sibutramine is a 
centrally-acting serotonin–norepinephrine 
reuptake inhibitor that decreases appetite and 
was shown to cause a signifi cant weight loss in 
young subjects. In a prospective, randomized, 
placebo-controlled, 52-week study, Berkowitz 
et al. observed that administration of 10–15 mg 
sibutramine in obese adolescents caused a body 
mass index (BMI) decrease of 2.9 kg/m2, com-
pared with 0.3 kg/m2 in the placebo group [9]. 
All subjects took part in a comprehensive behav-
ioral program. However, changes in blood pres-
sure and heart rate were statistically signifi cantly 
different in the sibutramine compared with the 
placebo group, raising the possibility of adverse 
long-term consequences on the cardiovascular 
system, and sibutramine is presently not indi-
cated in pediatrics. Metformin is an antidiabetic 
agent that inhibits hepatic glucose production, 
increases insulin sensitivity and may decrease 
appetite. It is considered as a fi rst-line approach 
for the treatment of Type 2 diabetes in youth. 
Recently, attention has focused on its potential 
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as an adjuvant to behavioral weight loss inter-
ventions [10]. To date, the results are confl icting, 
and metformin is not presently approved for the 
treatment of obesity in youths [11]. Orlistat is a 
gastrointestinal lipase inhibitor that decreases 
the absorption of dietary fat. Data on the use 
of orlistat in adults have been reviewed in detail 
elsewhere [12]. The goal of this article is to pro-
vide an overview on the pediatric aspects of the 
effi cacy, safety and tolerability of orlistat.

Competitors
Orlistat (Xenical®, Roche, Basel, Switzerland) 
is the only drug that acts locally in the gastro-
intestinal tract by inhibiting intestinal lipases 
and that is currently approved for the treatment 
of obesity in adults and adolescents. Another 
inhibitor of gastrointestinal lipases, cetilistat 
(Alizyme, Cambridge, UK), is presently under 
development [13]. To our knowledge, there is only 
one adult study published in abstract form that 
compares the effi cacy and tolerability of orlistat 
and cetilistat in patients with Type 2 diabetes [14], 
and no data on cetilistat in adolescents.

Methods
Articles were identifi ed using the PubMed data-
base [101]. The keyword used was orlistat, and the 
search was limited to an age group of 0–18 years. 
All published or in press articles listed in the 
search until 1 September 2008 and written in 
English (n = 58) were screened for relevance to 
the topic of this review. Additional reports were 
identifi ed from a review of references listed in 
the reports.

Pharmacological profi le
Mechanism of action �

Orlistat is a chemically synthesized derivative 
of lipstatin, a natural product of Streptomyces 
toxytricini. Its empirical formula is C

29
H

53
NO

5
, 

and its molecular weight is 495.7. Orlistat exerts 
its therapeutic activity in the lumen of the stom-
ach and small intestine by forming a covalent 
bond with the active serine residue site of gastric 
and pancreatic lipases. This prevents hydrolysis 
of the dietary triglycerides into absorbable free 
fatty acids and monoglycerides [15,16]. The calo-
rie defi cit caused by decreased fat absorption is 
thought to be the main mechanism by which 
orlistat causes weight loss. Therefore, systemic 
absorption of the drug is not needed for activ-
ity. At the recommended therapeutic dose 
of 120 mg three-times daily, orlistat inhibits 
dietary fat absorption by approximately 30% in 
adults [17]. Similar fi ndings have been reported 

in adolescents. Zhi et al. investigated 32 male 
and female obese adolescents from Caucasian, 
Black or Hispanic ethnicity [18]. Compared 
with the placebo group, orlistat given at the 
dose of 120 mg three-times daily for 7 days, 
increased fat excretion from 4.1 (6.1%) to 
15.9 g/day (27.1%).

Pharmacokinetics �
The pharmacokinetics of orlistat in adults has 
been described in detail elsewhere [19]. More 
than 97% of the drug is excreted in the feces, 
mostly as the parent compound (83%). Systemic 
absorption of orlistat is minimal. In the cir-
culation, orlistat is mostly bound to proteins 
(>99%) and is partially metabolized into two 
pharmacologically inactive metabolites, M1, 
which results from hydrolysis of a β-lactone 
ring and M3, which results from the cleavage 
of the N-formyl leucine side chain of M1. In 
obese adolescents, mean plasma concentrations 
of orlistat measured at weekly intervals 4 h fol-
lowing administration of the dose, a time cor-
responding to the expected peak concentration, 
ranged from 0.4 to 0.9 ng/ml. These values were 
24 to 33 ng/ml for M1 and 45 to 117 ng/ml 
for M3 [18], and are similar to those observed 
in adults during continuous administration of 
orlistat at the recommended dose of 120 mg 
three-times daily [20].

Clinical effi cacy
Orlistat has been studied extensively in adults, 
and was shown to be more effective than placebo 
in promoting weight loss, as well as in improv-
ing obesity-related risk factors in obese patients 
with and without metabolic complications [12,21]. 
By contrast, the number of studies assessing the 
effi cacy of orlistat in children and adolescents is 
small. To our knowledge, no Phase I or II tri-
als were performed in the pediatric age group. 
Several Phase III trials were performed in chil-
dren and adolescents, although only two were 
randomized and placebo-controlled. All pediat-
ric studies used a dose of orlistat that was iden-
tical to the adult recommendations (120 mg 
three-times daily).

Anthropometry &  �
body composition
Chanoine et al. performed a 52-week random-
ized, double-blind, placebo-controlled trial in 
539 adolescents with uncomplicated obesity 
(TABLE 1) [22]. Statistical analysis was performed 
on 533 patients who received at least one dose 
of the medication. A total of 76% of subjects 
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were of Caucasian origin. All patients received 
a mildly hypocaloric diet, behavioral modifi -
cation and were given a multivitamin supple-
mentation. There was a decrease in BMI and 
weight in both treatment groups, which was 
maximal by 12 weeks and greater in the orlistat 
group. After 12 weeks, BMI remained stable in 
the orlistat group, but increased back beyond 
baseline with placebo. At the end of the study, 
BMI had decreased by 0.55 kg/m2 in the orlistat 
group, but increased by 0.31 kg/m2 in the pla-
cebo group (p = 0.001). Weight had increased by 
0.53 kg with orlistat and by 3.14 kg with placebo 
(p < 0.001). Waist circumference decreased in 
the orlistat group, but increased in the placebo 
group (-1.33 cm vs +0.12 cm; p < 0.05). Dual-
energy x-ray absorptio metry demonstrated that 
the difference in body mass was fully explained 
by changes in fat mass. Overall, subjects in the 
orlistat group were 1.7-times more likely to expe-
rience a 5% or higher BMI decrease (26.5 vs 
15.7%) and three-times more likely to experience 
a 10% or higher BMI decrease (13.3 vs 4.5%). 
The factors associated with a better response to 
orlistat treatment are unclear. Subanalysis of 
these results did not reveal ethnic- or sex- specifi c 
differences. Similar to what was observed in 
adults [23], an early response to orlistat was the 
best prognosis factor for a greater weight loss at 
12 months. Those subjects who experienced a 
weight loss greater than 5% after 12 weeks of 
treatment had a mean BMI decrease of 3.7 kg/
m2 at 12 months, contrasting with an increase 
in 0.1 kg/m2 in subjects who lost less than 5% 
of their body weight at 12 weeks [24].

Using a similar study design, Maahs et al. 
performed a 6-month randomized, double-
blind, placebo-controlled trial that included 
40 obese adolescents (TABLE 1) [25]. A total of 62% 
of the adolescents were of Hispanic origin. The 
intervention consisted of a calorie-restricted 
diet (500 kcal defi cit) and a behavioral modi-
fi cation in both groups. All subjects received 
multivitamin supplementation. A statistically 
signifi cant decrease in weight and BMI was 
observed in both the placebo and the orlistat 
groups. At 6 months, weight (-5.5 vs -1.6 kg) and 
BMI (-1.3 vs -0.8 kg/m2) changes tended to be 
greater in the orlistat compared with the placebo 
group. The magnitude of these differences was 
roughly similar to those observed in the 1-year 
trial described previously [22], but did not reach 
statistical signifi cance, likely refl ecting the small 
number of subjects included in the trial and the 
variability of the individual responses in both 
placebo and orlistat groups. Ta
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Ozkan et al. followed two groups of obese 
adolescents for almost a year (TABLE 1) [26]. All 
patients received multivitamins, were given a 
mildly hypocaloric diet (20% reduction in daily 
calories) and were advised to perform at least 
30 min of exercise per day. Subjects in the con-
trol group did not receive placebo. The subjects 
receiving orlistat lost 6.3 kg compared with a 
gain of 4.2 kg in the control group (p < 0.001). 
However, these results only include data from the 
subjects who completed the study (15/22 in the 
orlistat group and 15/20 in the placebo group). 

Two smaller open-label studies were also per-
formed in adolescents. McDuffi e et al. inves-
tigated 20 obese adolescents from African–
American (n = 10) and Caucasian (n = 10) 
origin for up to 6 months (TABLE 1) [27,28]. In 
contrast with the above studies, all subjects had 
at least one obesity-related comorbid condition. 
All subjects participated in a behavioral pro-
gram aiming at increasing physical activity and 
improving nutrition, and were given a 500-kcal-
defi cient diet and received daily multivitamins. 
Overall, weight decreased by 5.4 kg (range: 
+11.7 to -25.5 kg). Interestingly, orlistat did not 
signifi cantly affect body mass or -composition 
in African–American subjects, and changes 
in weight (-7.86 vs +0.36 kg; p < 0.05), BMI 
Z-score (-1.10 vs + 0.29; p < 0.03) and waist 
circumference (-8.65 vs -1.59 cm; p = 0.03) were 
signifi cantly greater in Caucasian compared with 
African–American adolescents. Whether these 
different responses are related to the ethnic back-
ground is unclear. African–American adolescents 
were markedly heavier than Caucasian subjects 
at baseline (136.7 vs 99.3 kg), had lower resting 
energy expenditure at baseline and experienced a 
greater resting energy expenditure decrease than 
Caucasian subjects during treatment. Finally, 
Norgren et al. followed 11 obese prepubertal 
children of Caucasian origin for 3 months [29]. 
Dietary information was provided at inclusion. 
Orlistat was associated with a median weight loss 
of 4 kg (p = 0.016). Mean body fat decreased by 
3% (p = 0.008).

Biochemical data �
Markers of glucose homeostasis as well as lipid 
profi le were reported in all [22,25,27–29] but one 
study [26]. In one open-label study [27], where 
subjects had at least one obesity-related con-
dition, orlistat was associated with statisti-
cally signifi cant decreases in total cholesterol 
(-13%), low-density-lipoprotein cholesterol 
(-17%) and fasting insulin (-27%) (p ≤ 0.002) 
after 6 months. In three other studies, fasting 

glucose, insulin, triglycerides and cholesterol 
were unaffected by orlistat treatment [22,25,29]. 
However, in these studies, markers of metabolic 
complications were largely within the normal 
range at baseline, suggesting that these subjects 
had mostly uncomplicated obesity.

Safety
Orlistat is minimally absorbed, and no safety 
issues relative to its systemic action have been 
raised. The safety of orlistat has been observed 
for up to 4 years in adults [30], and up to 1 year 
in adolescents [22]. A potential consequence of 
the decreased absorption of dietary fat caused by 
orlistat, is a decrease in the absorption of fat-sol-
uble vitamins. McDuffi e et al. compared plasma 
vitamin concentrations following acute admin-
istration of vitamin A (100,000 U retinol palmi-
tate) or vitamin E (20 UI/kg α-tocopherol) in 
17 obese adolescents before and during orlistat 
treatment [31]. Vitamin A absorption was unaf-
fected by orlistat but there was a decrease in 
the peak of α-tocopherol concentrations with 
orlistat. The chronic effects of orlistat (admin-
istered in conjunction with multivitamin 
supplementation) on plasma vitamin concen-
trations were also measured in the same study. 
The plasma concentrations of retinol, chole-
calciferol (except for a transient 22% decrease 
after 4 weeks of treatment), α-tocopherol and 
phyllo quinone were not affected by orlistat for 
up to 24 weeks. In a 52-week prospective study 
in obese adolescents where all subjects received 
a multivitamin supplementation, we observed 
similar concentrations of vitamins A, D and E, 
as well as retinol, in placebo- and orlistat-treated 
study groups [22]. Maahs et al. found no dif-
ference in vitamin A, D and E concentrations 
between the placebo and the orlistat groups fol-
lowed for 6 months and receiving multivitamin 
supplementation [25]. In an open-label study, 
only a transient decrease in vitamin A and E 
was observed in 11 subjects receiving orlistat for 
12 weeks [29]. These data are similar to those 
reported in adult studies [30,32,33].

Since puberty is a period of positive energy 
balance, the effect of orlistat on mineral, electro-
lytes and body composition has been specifi cally 
studied in adolescents. Zhi et al. investigated 
the effect of orlistat administration on calcium, 
copper, iron, magnesium, phosphorus and zinc 
in two groups of obese adolescents receiving 
placebo or orlistat for 21 days, and found no 
effect of orlistat on the balance of these miner-
als [18]. Similar to adults, a modest decrease in 
iron balance was observed in adolescents during 
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the study in both placebo and orlistat groups 
[33]. Similarly, sodium and potassium serum 
and urine concentrations were not affected by 
orlistat. In a 52-week randomized study, no dif-
ference in the progression of puberty and in the 
increase in lean mass associated with pubertal 
growth was observed between the placebo and 
orlistat groups [34]. Taken together, these data 
suggest that orlistat does not affect the anabolism 
of puberty for at least 1 year.

The potential effects of orlistat on the absorp-
tion of other drugs have been mainly studied 
in adults and have been reviewed in detail else-
where [12]. Generally, orlistat has little effect on 
the absorption of oral medications. However, 
several reports have demonstrated a decrease in 
the absorption of amiodarone (-25%) [35] and 
cyclosporine (-30%) [36] in adult volunteers 
receiving orlistat. This has, to our knowledge, 
not been reported in pediatric patients.

Orlistat was associated with an increase in the 
frequency of seizures in an 18-year-old subject 
with known epilepsy, raising the possibility that 
absorption of lamotrigine, an anti epileptic medi-
cation thought to be lipophilic, was decreased [37]. 
Another case report potentially linking orlistat 
to worsening of diabetes has been reported in an 
18-year-old subject. This young adult with known 
Type 1 diabetes developed diabetes ketoacidosis 
despite an increase in the insulin dose one month 
after starting orlistat. Dehydration secondary to 
watery stools was thought to be the mechanism 
behind this complication [38].

The effect of orlistat in patients with buli-
mia nervosa has been investigated in adults. In 
this setting, orlistat causes a greater weight loss 
compared with placebo after 24 weeks of treat-
ment [39] but does not affect the eating behav-
ior [40]. Importantly, orlistat was also shown to 
be used for purging following binge episodes 
in two young women diagnosed with bulimia 
nervosa during adolescence [41]. Considering 
the high prevalence of eating disorders in obese 
adolescents [42], the health practitioner should 
be aware of this potential misuse of orlistat in 
adolescents with bulimia nervosa.

Finally, the effects of accidental ingestion 
of orlistat was described in 106 patients aged 
5 years or less (mean dose 155 mg; range: 
30–600 mg) and was associated with no or 
minor side effects [43].

Tolerability
Consistent with the inhibition of intestinal 
lipases, orlistat causes an increase in fecal fat 
excretion. As a consequence, gastrointestinal 

side effects that are generally mild-to-moderate 
in intensity have occurred in subjects receiving 
orlistat. The pattern of these effects has been dis-
cussed in-depth in adults [12]. In a prospective, 
52-week study, the most common side effects 
were fatty or oily stools (50% of the subjects 
receiving orlistat vs 8% in the placebo group), 
oily spotting (29 vs 4%), oily evacuation (23 vs 
2%), abdominal pain (22 vs 11%), fecal urgency 
(21 vs 11%), fl atus with discharge (20 vs 3%), 
soft stools (15 vs 11%) and fl atulence (9 vs 4%). 
These side effects were transient in a majority of 
the subjects, and only 16% of the subjects expe-
rienced fatty or oily stools, the most common 
side-effect, more than once [22]. The reason for 
this decrease with time is unclear, but could be 
linked to behavioral changes aiming at decreas-
ing the fat content of the diet in order to prevent 
their occurrence. This assumption is supported 
by the association between olestra intake and 
worsening of gastrointestinal side-effects with 
orlistat in a 16-year-old African–American 
obese girl [44]. The subject started orlistat as part 
of a comprehensive weight loss intervention and 
experienced severe gastrointestinal side-effects. 
She was inadvertently consuming high quanti-
ties of olestra, a fat substitute that contains 6–8 
fatty acid chains arranged around a molecule 
of sucrose from which they cannot be sepa-
rated. Removal of olestra from the diet mark-
edly decreased the gastrointestinal side effects 
associated with orlistat. These data suggest that 
adherence to a low-fat diet while using orlistat 
helps prevent the gastro intestinal side effects. 
In adults, the concomitant use of natural fi bers, 
such as psyllium husk in the diet was shown to 
prevent the gastrointestinal side effects [45].

It is important to note that the tolerability of 
orlistat has been mostly evaluated in carefully 
designed clinical trials where extensive informa-
tion was provided to the subjects. In day-to-day 
clinical practice, health practitioners should 
make every effort to ensure that the mechanisms 
of action, as well as the potential side effects of 
orlistat, are explained to the patient. The impor-
tance of adhering to an appropriate diet should 
also be emphasized.

Other pediatric use
The increase in fecal fat excretion caused by 
orlistat has been exploited to decrease the 
enterohepatic cycle of unconjugated bilirubin 
and, as a consequence, decrease the plasma 
concentrations of unconjugated bilirubin in 
patients with Crigler Najar disease. In seven 
out of 16 patients (median age 17.7 years; range: 
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8–51 years) with this genetic disorder, caused 
by defi ciency of the hepatic enzyme bilirubin–
uridine diphosphate–glucuronosyltransferase 
and characterized by chronic unconjugated 
hyperbilirubinemia, orlistat caused a decrease 
in unconjugated hyperbilirubinemia greater 
than 10% that was positively correlated with 
fecal fat excretion [46]. These preliminary data 
suggest that orlistat may be useful in selected 
patients with this rare condition.

Regulatory affairs
The recommended dose of orlistat (Xenical®, 
Roche) is 120 mg three-times daily for both 
adults and adolescents. It is indicated for obese 
adults with a BMI of 30 kg/m2 or more, or 
27 kg/m2 or more in the presence of other risk 
factors. These values correspond roughly to the 
95th and 85th percentiles for BMI on the Center 
for Disease Control growth charts [102]. In the 
USA, orlistat is also marketed for obese adults 
as an over-the-counter medication at the dose of 
60 mg three-times daily with meals containing 
fat (Alli®, GlaxoSmithKline, London, UK).

Orlistat received approval from the FDA in 
December 2003 for the treatment of obesity 
in adolescents aged 12–17 years in the USA. 
In Europe, orlistat received a positive opinion 
from the Committee for Medicinal Products for 
Human Use in May 2005 to include data on its 
use in obese adolescents aged 12 years and over. In 
addition, orlistat is approved with a prescription 
for use in obese adolescents 12 years and older 
in Bahrain, China, Cuba, Hong Kong, Mexico, 
Singapore, Switzerland, Taiwan and Vietnam. It 
is also available as an over-the-counter medica-
tion, at the dose of 120 mg three-times daily, 
in obese adolescents 12 years (Philippines and 
Thailand) or 13 years (Malaysia) and older.

Conclusion
We have reviewed the effi cacy, safety and toler-
ance of orlistat, a gastrointestinal lipase inhibi-
tor, in the treatment of obesity in children 
and adolescents. Orlistat is the fi rst and only 

pharmaco logical agent approved in adolescents 
aged 12 years and above. At the dose of 120 mg 
three-times daily (one tablet of 120 mg with each 
main meal), it promotes additional weight loss 
compared with placebo, when administered in 
association with a comprehensive approach that 
includes dietary modifi cation, decreased inac-
tivity and long-term modifi cations in behavior 
and lifestyle. Similar to adults, there is a large 
individual variability in the results obtained with 
orlistat and it is presently diffi cult to reliably pre-
dict the response to orlistat treatment in indi-
vidual patients. However, preliminary results 
suggest that a loss of more than 5% body weight 
after 12 weeks of treatment identifi es the subjects 
who achieve a clinically signifi cant weight loss at 
52 weeks. Whether orlistat should be proposed 
at the initiation of a comprehensive intervention 
or after failure of this intervention has not been 
investigated in adolescents. The side effects of 
orlistat are limited to the gastrointestinal sphere 
and are generally mild and limited in duration.

The authors suggest the following practical 
approach:

Orlistat can be proposed to obese adolescents � 

older than 12 years, at the dose of 120 mg 
three-times daily, in conjunction with a com-
prehensive behavioral intervention;

The importance of adhering to a proper diet � 

as well as the side effects associated with 
orlistat should be discussed with the adoles-
cent (and the family as appropriate) prior to 
the start of the treatment;

The decision to pursue orlistat treatment � 

should be reevaluated after 12 weeks on basis 
of the initial weight loss achieved by the 
subject;

Multivitamin supplementation should be � 

prescribed with orlistat;

Obesity is a chronic condition and long-term � 

intervention is expected. It should, however, 
be kept in mind that effi cacy and safety data 
are available with orlistat for up to 4 years in 
adults, but only up to 1 year in adolescents.

Executive summary

Orlistat inhibits the activity of intestinal lipases and decreases dietary fat absorption by a third. �
It is the only pharmacological agent approved for the treatment of obesity in adolescents aged 12 years and above. �
Compared with placebo, orlistat, in conjunction with a comprehensive behavioral approach, causes on average an additional body mass  �
index (BMI) decrease of 0.86 kg/m2 after 12 months of treatment.
A weight loss greater than 5% after 12 weeks of treatment with orlistat predicts a BMI decrease of 3.7 kg/m � 2 after 12 months of treatment.
Orlistat does not affect pubertal development or the increase in lean body mass during puberty. �
Gastrointestinal side effects, such as fatty and oily stools, are consistent with its mechanism of action and tend to be moderate and transient. �
Multivitamin supplementation is advised during orlistat treatment to prevent the potential decrease in liposoluble vitamin concentrations. �



www.futuremedicine.com 29future science group

Effi cacy, safety & tolerability of orlistat: treatment of adolescent weight excess DRUG EVALUATION

Financial & competing 
interests disclosure
Dr Chanoine was a clinical investigator for Roche and has 
received honoraria from Roche. The authors have no other 
relevant affi liations or fi nancial involvement with any 

organization or entity with a fi nancial interest in or fi nan-
cial confl ict with the subject matter or materials discussed 
in the manuscript apart from those disclosed.

No writing assistance was utilized in the production of 
this manuscript.

Bibliography
Papers of special note have been highlighted as:
�  of interest
��  of considerable interest

Must A, Jacques PF, Dallal GE, Bajema CJ, 1 

Dietz WH: Long-term morbidity and 
mortality of overweight adolescents. 
A follow-up of the Harvard Growth Study of 
1922 to 1935. N. Engl. J. Med. 327(19), 
1350–1355 (1992).

Schwimmer JB, Burwinkle TM, Varni JW: 2 

Health-related quality of life of severely obese 
children and adolescents. JAMA 289(14), 
1813–1819 (2003).

Ogden CL, Flegal KM, Carroll MD, 3 

Johnson CL: Prevalence and trends in 
overweight among US children and 
adolescents, 1999–2000. JAMA 288(14), 
1728–1732 (2002).

Lobstein T, Baur L, Uauy R: Obesity in 4 

children and young people: a crisis in 
public health. Obes. Rev. 5(Suppl. 1), 4–104 
(2004).

Whitlock EP, Williams SB, Gold R, 5 

Smith PR, Shipman SA: Screening and 
interventions for childhood overweight: 
a summary of evidence for the US Preventive 
Services Task Force. Pediatrics 116(1), 
E125–E144 (2005).

Freemark M: Pharmacotherapy of childhood 6 

obesity: an evidence-based, conceptual 
approach. Diabetes Care 30(2), 395–402 
(2007).

Thoughtful review of pharmacological �� 

approaches in obese adolescents.

Velhote MC, Damiani D, Santoro S: 7 

Bariatric surgery in pediatrics – is it time? 
J. Pediatr. Endocrinol. Metab. 20(7), 751–761 
(2007).

Christensen R, Kristensen PK, Bartels EM, 8 

Bliddal H, Astrup A: Effi cacy and safety of 
the weight-loss drug rimonabant: a meta-
analysis of randomised trials. Lancet 
370(9600), 1706–1713 (2007).

Berkowitz RI, Fujioka K, Daniels SR 9 et al.: 
Effects of sibutramine treatment in obese 
adolescents: a randomized trial. Ann. Intern. 
Med. 145(2), 81–90 (2006).

Love-Osborne K, Sheeder J, Zeitler P: 10 

Addition of metformin to a lifestyle 
modifi cation program in adolescents with 
insulin resistance. J. Pediatr. 152(6), 817–822 
(2008).

Kasa-Vubu JZ: Metformin as a weight-loss tool 11 

in “at-risk” obese adolescents: a magic bullet? 
J. Pediatr. 152(6), 750–752 (2008).

Henness S, Perry CM: Orlistat: a review of its 12 

use in the management of obesity. Drugs 
66(12), 1625–1656 (2006).

Kopelman P, Bryson A, Hickling R 13 et al.: 
Cetilistat (ATL-962), a novel lipase inhibitor: a 
12-week randomized, placebo-controlled study 
of weight reduction in obese patients. Int. 
J. Obes. (Lond.) 31(3), 494–499 (2007).

Kopelman P, de Groot G, Rissanen A 14 et al.: 
Reductions in weight and HbA1c with 
cetilistat and orlistat in obese and obese 
diabetic subjects. Int. J. Obes. (Lond.) 
31(Suppl. 1), 27 (abstract) (2007).

Borgstrom B: Mode of action of 15 

tetrahydrolipstatin: a derivative of the naturally 
occurring lipase inhibitor lipstatin. Biochim. 
Biophys. Acta 962(3), 308–316 (1988).

Hadvary P, Lengsfeld H, Wolfer H: Inhibition 16 

of pancreatic lipase in vitro by the covalent 
inhibitor tetrahydrolipstatin. Biochem. J. 
256(2), 357–361 (1988).

Zhi J, Melia AT, Guerciolini R 17 et al.: 
Retrospective population-based analysis of the 
dose-response (fecal fat excretion) relationship 
of orlistat in normal and obese volunteers. 
Clin. Pharmacol. Ther. 56(1), 82–85 (1994).

Zhi J, Moore R, Kanitra L: The effect of 18 

short-term (21-day) orlistat treatment on the 
physiologic balance of six selected 
macrominerals and microminerals in obese 
adolescents. J. Am. Coll. Nutr. 22(5), 357–362 
(2003).

Zhi J, Melia AT, Funk C 19 et al.: Metabolic 
profi les of minimally absorbed orlistat in 
obese/overweight volunteers. J. Clin. 
Pharmacol. 36(11), 1006–1011 (1996).

Zhi J, Mulligan TE, Hauptman JB: Long-term 20 

systemic exposure of orlistat, a lipase inhibitor, 
and its metabolites in obese patients. J. Clin. 
Pharmacol. 39(1), 41–46 (1999).

O’Meara S, Riemsma R, Shirran L, Mather L, 21 

ter Riet G: A systematic review of the clinical 
effectiveness of orlistat used for the 
management of obesity. Obes. Rev. 5(1), 51–68 
(2004).

Chanoine JP, Hampl S, Jensen C, Boldrin M, 22 

Hauptman J: Effect of orlistat on weight and 
body composition in obese adolescents: a 
randomized controlled trial. JAMA 293(23), 
2873–2883 (2005).

Large, randomized, controlled trial on orlistat �� 

in adolescents.

Rissanen A, Lean M, Rossner S, Segal KR, 23 

Sjostrom L: Predictive value of early weight loss 
in obesity management with orlistat: 
an evidence-based assessment of prescribing 
guidelines. Int. J. Obes. Relat. Metab. Disord. 
27(1), 103–109 (2003).

Chanoine J, Hauptman J, Boldrin M: Weight 24 

reduction in obese adolescents achieving early 
response to orlistat. Obes. Rev. 7(Suppl. 2), 318 
(Poster 0733) (2006).

Maahs D, de Serna DG, Kolotkin RL 25 

et al.: Randomized, double-blind, placebo-
controlled trial of orlistat for weight loss in 
adolescents. Endocr. Pract. 12(1), 18–28 
(2006).

Ozkan B, Bereket A, Turan S, Keskin S: 26 

Addition of orlistat to conventional treatment 
in adolescents with severe obesity. Eur. 
J. Pediatr. 163(12), 738–741 (2004).

McDuffi e JR, Calis KA, Uwaifo GI 27 et al.: 
Effi cacy of orlistat as an adjunct to behavioral 
treatment in overweight African American and 
Caucasian adolescents with obesity-related 
co-morbid conditions. J. Pediatr. Endocrinol. 
Metab. 17(3), 307–319 (2004).

McDuffi e JR, Calis KA, Uwaifo GI 28 et al.: 
Three-month tolerability of orlistat in 
adolescents with obesity-related comorbid 
conditions. Obes. Res. 10(7), 642–650 (2002).

Norgren S, Danielsson P, Jurold R, Lotborn M, 29 

Marcus C: Orlistat treatment in obese 
prepubertal children: a pilot study. 
Acta Paediatr. 92(6), 666–670 (2003).

Torgerson JS, Hauptman J, Boldrin MN, 30 

Sjostrom L: XENical in the prevention of 
diabetes in obese subjects (XENDOS) study: a 
randomized study of orlistat as an adjunct to 
lifestyle changes for the prevention of Type 2 
diabetes in obese patients. Diabetes Care 27(1), 
155–161 (2004).

McDuffi e JR, Calis KA, Booth SL, Uwaifo GI, 31 

Yanovski JA: Effects of orlistat on fat-soluble 
vitamins in obese adolescents. Pharmacotherapy 
22(7), 814–822 (2002).

Pharmacokinetic study investigating the �� 

short- and long-term effect of orlistat on 
fat-soluble vitamins in adolescents.

Melia AT, Koss-Twardy SG, Zhi J: The effect 32 

of orlistat, an inhibitor of dietary fat 
absorption, on the absorption of vitamins A 
and E in healthy volunteers. J. Clin. 
Pharmacol. 36(7), 647–653 (1996).



Therapy (2009) 6(1)30 future science group

DRUG EVALUATION Bogarin & Chanoine

Zhi J, Melia AT, Koss-Twardy SG, Arora S, 33 

Patel IH: The effect of orlistat, an inhibitor of 
dietary fat absorption, on the 
pharmacokinetics of β-carotene in healthy 
volunteers. J. Clin. Pharmacol. 36(2), 152–159 
(1996).

Pace DG, Blotner S, Guerciolini R: 34 

Short-term orlistat treatment does not affect 
mineral balance and bone turnover in obese 
men. J. Nutr. 131(6), 1694–1699 (2001).

Zhi J, Moore R, Kanitra L, Mulligan TE: 35 

Effects of orlistat, a lipase inhibitor, on the 
pharmacokinetics of three highly lipophilic 
drugs (amiodarone, fl uoxetine, and 
simvastatin) in healthy volunteers. 
J. Clin. Pharmacol. 43(4), 428–435 
(2003).

Colman E, Fossler M: Reduction in blood 36 

cyclosporine concentrations by orlistat. 
N. Engl. J. Med. 342(15), 1141–1142 
(2000).

Safety: orlistat and cyclosporine treatment � 

in adults.

Bigham S, McGuigan C, MacDonald BK: 37 

Reduced absorption of lipophilic anti-
epileptic medications when used 
concomitantly with the anti-obesity drug 
orlistat. Epilepsia 47(12), 2207 (2006).

Azar ST, Zantout MS: Diabetic ketoacidosis 38 

associated with orlistat treatment. Diabetes 
Care 24(3), 602 (2001).

Golay A, Laurent-Jaccard A, Habicht F 39 

et al.: Effect of orlistat in obese patients 
with binge eating disorder. Obes. Res. 
13(10), 1701–1708 (2005).

Svendsen M, Rissanen A, Richelsen B, 40 

Rossner S, Hansson F, Tonstad S: Effect of 
orlistat on eating behavior among 
participants in a 3-year weight maintenance 
trial. Obesity (Silver Spring) 16(2), 327–333 
(2008).

Investigates whether orlistat infl uences � 

eating behavior in adults.

Fernandez-Aranda F, Amor A, 41 

Jimenez-Murcia S et al.: Bulimia nervosa and 
misuse of orlistat: two case reports. Int. J. Eat. 
Disord. 30(4), 458–461 (2001).

Goldschmidt AB, Aspen VP, Sinton MM, 42 

Tanofsky-Kraff M, Wilfl ey DE: Disordered 
eating attitudes and behaviors in overweight 
youth. Obesity (Silver Spring) 16(2), 257–264 
(2008).

Forrester MB: Pattern of orlistat exposures in 43 

children aged 5 years or less. J. Emerg. Med. 
J. Emerg. Med. PMID: 18403165 (2008) 
(Epub ahead of print).

Safety: acute accidental ingestion of orlistat � 

in young children.

Heck AM, Calis KA, McDuffi e JR, 44 

Carobene SE, Yanovski JA: Additive 
gastrointestinal effects with concomitant use 
of olestra and orlistat. Ann. Pharmacother. 
36(6), 1003–1005 (2002).

Cavaliere H, Floriano I, Medeiros-Neto G: 45 

Gastrointestinal side effects of orlistat may 
be prevented by concomitant prescription 
of natural f ibers (psyllium mucilloid). 
Int. J. Obes. Relat. Metab. Disord. 25(7), 
1095–1099 (2001).

Hafkamp AM, Nelisse-Haak R, 46 

Sinaasappel M, Oude Elferink RP, 
Verkade HJ: Orlistat treatment of 
unconjugated hyperbilirubinemia in 
Crigler-Najjar disease: a randomized 
controlled trial. Pediatr. Res. 62(6), 
725–730 (2007).

Websites �
NCBI101 

www.ncbi.nlm.nih.gov/pubmed

2000 CDC Growth Charts: United States102 

www.cdc.gov/growthcharts



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


