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This review provides a comparative
analysis of the benefits of lifestyle in-
tervention and pharmacotherapy in

adults and children using previously pub-
lished meta-analyses, as well as new data
published within the past 2 years. The
manuscript critically summarizes the po-
tential risks of various established (orl-
istat, sibutramine, and metformin) and
new (rimonabant) pharmacologic agents
and presents a conceptual approach to se-
lection of patients for pharmacotherapy,
tailored drug selection, and timing of
intervention.

Perils and promise of
pharmacotherapy
Forty-five years after an amphetamine
was approved for the treatment of obesity
in adults, an expert in the field character-
ized a new therapeutic formulation as be-
ing effective and long-lasting, posing
“little risk” (1). Four years later, others (2)
“confirmed the weight-reducing efficacy
and good tolerability” of the drug and
noted that adverse effects were “generally
mild and transient.” The drug in question
was dexfenfluramine, which was re-
moved from the commercial market 18
months after its subsequent U.S. Food
and Drug Administration approval owing
to the development of valvular heart dis-
ease and primary pulmonary hyperten-
sion in a subset of patients (3,4).

This experience and many others (5)
have forced us to think long and hard be-
fore making sweeping recommendations
about the use of behavior-modifying
drugs for the treatment of obesity.

Yet, the pediatric community confronts
a serious problem: the surge of metabolic
complications in obese adolescents, includ-

ing impaired glucose tolerance (IGT) and
type 2 diabetes, hypertension, dyslipide-
mia, ovarian hyperandrogenism, hepatic
steatosis, and sleep apnea (6). Two recent
studies highlight the concern. First (7), de-
spite regular lifestyle counseling in a univer-
sity-based clinic, one-third of obese
teenagers with profound insulin resistance
and IGT developed type 2 diabetes during a
follow-up period of 21 months. Second (8),
among Pima-Indian children and adoles-
cents with type 2 diabetes, the rate of devel-
opment of end-stage renal disease was
proportional to the duration of diabetes, but
not to the age of onset of glucose intoler-
ance. It is clear that we must effectively in-
tervene to prevent long-term complications
in obese insulin-resistant children, and,
given the progressive nature of these condi-
tions, we cannot dally.

Lifestyle intervention can reduce rates
of weight gain and fat deposition in chil-
dren (9 and refs. cited below) and delay or
prevent the development of type 2 diabe-
tes in obese adults during trial periods
lasting as long as 4 years (see below).
However, lifestyle intervention is effective
only if applied intensively and continu-
ously in highly motivated subjects. Figure
1 summarizes data from seven major ran-
domized multicenter studies that assessed
the effects of lifestyle intervention in
obese adults (10–16). The data are repre-
sentative, but comparisons among the
groups must be interpreted with caution
because of variations in patient pop-
ulations and study design. In general,
“intensive” lifestyle intervention, with
obligatory caloric restriction, multiple in-
dividual and/or group counseling ses-
sions, daily exercise, and numerous clinic
visits, reduces body weight by an average

of 6 kg (�5.5–6.5% of body weight in
most studies) during the 1st year. “Mod-
erate” intervention, with specified caloric
guidelines and exercise counseling, is less
effective, while the standard lifestyle ap-
proaches delivered to nearly all obese
people, namely dietary recommendations
and regular clinic visits, have little or no
effect. Also of note is the rebound weight
gain in both the intensive and moderate
groups, though some weight loss can be
maintained for �4 years if the patient re-
mains vigilant (10,11,13).

The story in children is similar, at
least in the short run (Fig. 1). Intensive
lifestyle intervention can reduce body
weight by 4.3–7 kg (�4.5–6.5% of body
weight) during the 1st year, while stan-
dard lifestyle intervention has little bene-
fit for the majority of kids (17–22). Most
studies demonstrating clinical benefit of
lifestyle intervention in children have
been short-term (6 months to 2 years) in-
vestigations, and rebound weight gain has
in some cases obliterated prior weight loss
(9). Nevertheless, several controlled trials
provide evidence for long-term (5–10
years) weight maintenance in children
who received intensive intervention, in-
cluding dietary, exercise, and family
counseling (9).

Why do obese people have difficulty
losing weight or sustaining weight loss?
Time commitments and costs of lifestyle
changes may play important roles (23),
and some people may simply tire of living
with, or may rebel against, dietary restric-
tions. However, there are also important
biological considerations (Fig. 2): weight
loss is accompanied by reductions in
plasma leptin, insulin, and tri-iodo thyro-
nine and increases in insulin sensitivity
and plasma ghrelin (6). These changes
stimulate appetite, reduce sympathetic
tone and energy expenditure, and promote
lipogenesis, thereby facilitating rebound
weight gain (6). Consequently, short-term
weight loss cannot be sustained without
considerable effort. Many will fail.

Mechanisms of action of
pharmacologic agents and metabolic
benefits
Can pharmacologic agents complement
the effects of lifestyle intervention and re-
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duce the risks of complications in those
who fail to respond adequately to lifestyle
change? This review focuses on four ma-
jor classes of medications used to treat
obesity and/or its complications. The
drugs have differential mechanisms of ac-
tion (Fig. 3) and, as will be seen, differen-
tial benefits and adverse effects.

Sibutramine acts centrally to inhibit
reuptake of serotonin, norepinephrine,
and, to a lesser extent, dopamine. It re-
duces hunger and increases satiety, and in
brown adipose tissue, promotes thermo-
genesis, which increases energy expendi-
ture (24). Rimonabant is a specific
inhibitor of cannabinoid receptor 1. It re-
duces food intake through actions on the
hypothalamus, mesolimbic system, and
vagus nerve and directly stimulates the ex-
pression of adiponectin in white adipose
tissue (25). Orlistat inhibits intestinal

lipases and reduces the gastrointestinal
absorption of fat by 30% (24). Finally,
through activation of AMP-activated pro-
tein kinase (AMPK), metformin reduces
hepatic glucose production and plasma
insulin concentrations and inhibits fat cell
lipogenesis. It can increase peripheral in-
sulin sensitivity and may reduce food in-
take by raising levels of glucagon-like
peptide 1 (26,27).

How effective are these agents in
promoting weight loss and reversing
comorbidities?
Figure 4 summarizes the findings of pla-
cebo-controlled studies performed in sev-
eral thousand obese adults (11,13–
16,24,28 –30). The figure compares
mean values calculated from data ob-
tained in three studies of rimonabant
(14–16), with the results of published

meta-analyses of the effects of sibutra-
mine (24,28 –30) and orlistat (24,28 –
30). Only the effects of the highest dose of
rimonabant (20 mg/day) are depicted,
since lower doses of the medication (5
mg/day) were far less effective. The results
of the XENDOS Study (orlistat) (13) and
the Diabetes Prevention Program (DPP)
(metformin) (11), each of which involved
�1,000 subjects, are illustrated sepa-
rately. Figure 4 shows the benefits of each
drug in excess of that achieved by lifestyle
intervention alone. Comprising the find-
ings of a multitude of investigators, the
data do not account for differences in
study design such as the nature of dietary
restriction or the sex or ethnicity of the
patients. Thus, group comparisons must
be interpreted with caution. Moreover,
the data assess only the benefits achieved
during the period in which subjects actu-
ally took the drugs. In other words, Fig. 4
(and the majority of published studies)
show optimal benefits for those who tol-
erate and accept the medications.

Four general conclusions appear war-
ranted. First, few studies have lasted �1
year. Second, all of the agents promote
weight loss, although the magnitude of
the effect varies considerably among indi-
viduals. Third, the short-term benefits of
sibutramine and rimonabant (20 mg/day)
exceed those of orlistat and metformin.
Finally, some weight regain occurs after 1
year, and the final absolute weight loss is
modest. Nevertheless, the combination of
lifestyle intervention plus medication can
promote as much as 10–12 kg of weight
loss, amounting to 7.5–10% of overall
body weight (13,31).

It is interesting that striking reduc-
tions in body weight are not always asso-
ciated with reductions in blood pressure
or improvements in glucose tolerance
(11,13–16,24,26–30) (Table 1). For ex-
ample, sibutramine appears to have little
or no effect on fasting glucose or insulin
levels in adults, and the effects of met-
formin on glucose and insulin greatly ex-
ceed those of either rimonabant or
orlistat. On the other hand, rimonabant
may increase plasma adiponectin (15), a
marker of insulin sensitivity, while met-
formin (in contrast to the thiazolidinedi-
ones) may have little or no effect (32).
Metformin and orlistat cause variable and
small reductions in blood pressure, while
rimonabant has no effect. Sibutramine
causes 1- to 3-mm increases in mean sys-
tolic and diastolic pressure.

A major goal of pharmacotherapy is
reduction in long-term cardiovascular

Figure 1—Effects of lifestyle intervention on body weight in obese adults and children. Data
represent placebo-subtracted mean (and when data were available, �SE) values compiled from
seven major randomized studies in adults (10–16) and five randomized studies in children (17–
21).

Figure 2—The adaptive response to short-term weight loss (6). REE, resting energy expenditure;
SNS, sympathetic nervous system; T3, tri-iodo thyronine.

Pharmacotherapy of childhood obesity

396 DIABETES CARE, VOLUME 30, NUMBER 2, FEBRUARY 2007

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/30/2/395/595419/zdc00207000395.pdf by guest on 11 April 2024



risk. In adults, orlistat is most effective in
reducing serum cholesterol and LDL lev-
els and slightly lowers the LDL-to-HDL
ratio (11,13–16,24,16 –30) (Table 2).
Sibutramine has variable and small effects
on HDL and triglycerides, while rimon-
abant at 20 mg/day robustly increases
HDL and reduces serum triglycerides.
Lower doses of rimonabant cause small
and variable increases in plasma HDL and
have no consistent effects on plasma tri-
glycerides. The effects of metformin on
plasma lipids are variable. The drug re-
duced LDL in women with polycystic
ovary syndrome (PCOS) (37) and in-
creased HDL in insulin-resistant adults in
the DPP (12).

How do the effects of the
medications in obese children
compare with those in adults?
The literature comprises eight random-
ized placebo-controlled studies in obese
adolescents: one major study with orlistat
(21), four with sibutramine (17,19,
22,33), three with metformin (34–36),
and none with rimonabant (Table 3). Cer-
tain outcomes in obese adolescents ap-
pear similar to those in adults: for
example, weight loss with sibutramine
exceeds that with orlistat or metformin,
and metformin reduces plasma insulin
levels (mean decrease 8 �U/ml) and, to a
lesser extent, plasma glucose concentra-
tions in glucose-tolerant subjects. In con-
trast to its effects in adults with IGT,
orlistat had no significant effects on glu-
cose or insulin levels in glucose-tolerant
children (21). The effects of sibutramine
on glucose metabolism were highly vari-
able. A major multicenter study (33)
demonstrated that weight loss with sib-
utramine is accompanied by reductions in
plasma insulin (7 �U/ml) but not glucose.
In contrast, three smaller studies of sib-

utramine (17,19,22) demonstrated no ef-
fects of the drug on plasma glucose or
insulin levels.

The effects of the medications on
plasma lipids in adolescents appear to be
highly variable. Sibutramine reduced
plasma triglycerides (17–25 mg/dl) in two
studies (19,33) and increased plasma
HDL (3.1 mg/dl) in one study (33) but
had no effect on plasma lipids in two
other studies (17,22). Metformin reduced
serum cholesterol (�14 mg/dl), triglycer-
ides (�47 mg/dl), and free fatty acids
(�0.07 mmol/l) in one investigation (36)
but had no significant effect on plasma
lipids in the remaining two studies
(34,35). In contrast to its effects on
plasma lipids in adults, orlistat had no ef-

fect on plasma lipids in a multicenter
study of obese adolescents (21).

Do medications act in concert with
lifestyle change to facilitate weight
loss?
The demonstration that medications in
combination with lifestyle change reduce
weight more than lifestyle intervention
alone is indirect evidence for synergism or
additivity of the effects. A 12-month ran-
domized study in obese adults (31)
showed that sibutramine alone was as ef-
fective as intensive lifestyle intervention
in reducing weight (mean � SD weight
loss for sibutramine alone 5.0 � 7.4 kg,
amounting to 4.6% of body weight; inten-
sive lifestyle 6.7 � 7.9 kg, 6.4% of body
weight); the addition of so-called brief
lifestyle intervention to sibutramine ther-
apy provided no additional benefit, while
the effects of sibutramine plus intensive
lifestyle intervention (12.1 � 9.8 kg,
11.4% of body weight) exceeded the ben-
efits of either intervention alone. These
findings suggest that lifestyle change plus
pharmacotherapy may act in concert
when lifestyle intervention is pursued
with resolve.

Do pharmacologic agents prevent
the development of long-term
complications?
In theory, this is the most important ques-
tion regarding any intervention for obe-

Figure 3—The major sites of action of various pharmacologic agents and potential mechanisms
by which they limit weight gain. FFA, free fatty acid; HGP, hepatic glucose production.

Table 1—Effects of pharmacologic agents on blood pressure and fasting glucose and insulin
levels in obese adults

Treatment
Blood pressure (SBP/DBP)

(mmHg)
Glucose
(mg/dl)

Insulin
(�U/ml)

Orlistat �1.8/�1.2 �1.8 �1.8
Sibutramine �0.8/1–2 None None
Rimonabant None �0.7 �2.2
Metformin Variable, small decrease �6.2 �3.6

Data represent placebo-subtracted mean values compiled from meta-analyses of studies of sibutramine
(24,28–30) and orlistat (24,28–30) and from the results of the DPP (metformin) (11) and three multicenter
studies of rimonabant (14–16). Only the effects of the higher dose of rimonabant (20 mg/day) are shown; a
lower dose (5 mg/day) had no consistent effect on fasting glucose or insulin. None, no significant effect
detected. SEs of the means are �10–25% of the mean values. Rimonabant also increased (�1.6 �g/ml)
serum adiponectin, a marker of increased insulin sensitivity. DBP, diastolic blood pressure; SBP, systolic
blood pressure.

Freemark

DIABETES CARE, VOLUME 30, NUMBER 2, FEBRUARY 2007 397

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/30/2/395/595419/zdc00207000395.pdf by guest on 11 April 2024



sity. Four types of studies have explored
this issue.

First, the effects of orlistat and met-
formin on development of type 2 diabetes
have been examined in obese adults with
IGT. Comparative 3-year study data are
shown in Fig. 5. The XENDOS Study (13)
showed that orlistat reduced by 32% the
cumulative incidence of type 2 diabetes in
Swedish adults, whose rates of diabetes
were relatively low (cumulative 3-year in-
cidence: placebo control subjects 23.5%,
metformin-treated patients 16%). The
DPP (11) and the Indian DPP (37) found
that metformin reduced the incidence of
diabetes in adults at higher risk by 25–
31% (estimated 3-year cumulative inci-
dence: DPP placebo control subjects
28.9%, metformin-treated patients
21.7%; Indian DPP placebo control sub-
jects 55%, metformin-treated patients
40.5%). The findings of the DPP and the
Indian DPP suggest that metformin can
curb the development of diabetes in high-
risk adults.

Second, a number of studies (38–40)
show that metformin reduces free testos-
terone levels and hirsutism scores and in-
creases ovulation rates in adolescents and

adults with PCOS, most of whom are
obese. Metformin also decreases blood
pressure and LDL levels in adults with
PCOS (38) and decreased BMI and insu-
lin resistance in hyperandrogenic girls
(39,40).

Third, preliminary and thus far in-
conclusive studies suggest that metformin
or orlistat may reduce liver fat content
and hepatic enzyme levels in adults and
adolescents with nonalcoholic steato-
hepatitis (41–43).

Finally, two studies suggest that met-
formin may reduce the rates of cardiovas-
cular disease in high-risk adults. In the
UK Prospective Diabetes Study of adults
with new-onset type 2 diabetes, met-
formin reduced the incidence of various
diabetes-related end points, including
death, by 32– 42% (44). The PRESTO
Study of adults with type 2 diabetes and
coronary artery disease showed that met-
formin reduced the rates of myocardial
infarction and deaths by 28% compared
with patients treated with sulfonylureas
or insulin (45). No comparable long-term
studies of cardiovascular risk with sib-
utramine, orlistat, or rimonabant cur-
rently exist.

Study attrition rates and adverse
effects of pharmacologic agents
It is notable that the magnitude of weight
loss achieved with these various medica-
tions appears to positively correlate with
the rate of attrition or drop out from ex-
perimental studies (11,13–16,24,26 –
30,33) (Table 4). This finding suggests
that the more potent weight-reducing
agents may also be the least well tolerated.
This raises an important question: are the
drugs safe (Table 5)?

Orlistat is considered safe because it is
minimally absorbed. It can, however,
cause flatulence, diarrhea, and malab-
sorptive stools and may reduce vitamin D
levels and increase bone turnover in some
patients (24,45); a multivitamin may help
to prevent osteopenia. Of possible con-
cern was the development of seven new
cases of gall bladder disease among the
357 children who took orlistat for a single
year (21). One of these children required
cholecystectomy. Among the placebo-
treated patients, only 1 of 182 developed
new gall bladder disease. Since cholecys-
titis occurs more commonly even in un-
treated obese individuals (6), it is unclear
whether orlistat increases the risk of gall
bladder disease or whether long-term use
of the drug should be discouraged for pa-
tients with preexisting gall stones.

Meta-analyses show that sibutramine
increases pulse rate by 4–8 bpm and in-
creases blood pressure 1–3 mmHg in
adult subjects (24,28–30). In a major pla-
cebo-controlled study of sibutramine in
obese adolescents (19), hypertension
forced 19 of 43 subjects to reduce the
dose of the drug and 5 of 43 (11.6%) to
discontinue the medication altogether.
The follow-up multicenter study (33) ex-
cluded subjects with baseline systolic
and/or diastolic blood pressures exceed-
ing 130 and 85 mmHg, respectively. Nev-
ertheless, sibutramine increased mean
systolic and diastolic blood pressure by 1
mm and 1.7 mmHg, respectively, and
2.1% of patients developed hypertension

Figure 4—Effects of pharmacologic agents on body weight in obese adults. Data represent pla-
cebo-subtracted mean values compiled from meta-analyses of studies of sibutramine (24,28–30)
and orlistat (24,28–30) and from the results of the DPP (metformin) (11), the XENDOS Study
(orlistat) (13), and three multicenter studies of rimonabant (14–16). The effects of only the higher
dose of rimonabant (20 mg/day) are depicted. A lower dose (5 mg/day) caused mean weight loss
of 1.5 kg at 1 year and 0.6 kg at 2 years. SEs of the means were �10–15% of the mean values.

Table 2—Effects of pharmacologic agents on plasma lipids in obese adults

Treatment Cholesterol (mg/dl) LDL (mg/dl) HDL (mg/dl) Cholesterol/HDL LDL/HDL Triglyceride (mg/dl)

Orlistat �12.7 �10.4 �0.8 �0.15 �0.2 �2.2
Sibutramine None None Variable increase None None Variable decrease
Rimonabant None None �1.5 �0.28 �0.26 �13.7
Metformin Variable �0.44 Variable increase Variable Variable decrease None

Data represent placebo-subtracted mean values compiled from meta-analyses of studies of sibutramine (24,28–30) and orlistat (24,28–30) and from the results of
the DPP (metformin) (11) and three multicenter studies of rimonabant (14–16). Only the effects of the higher dose (20 mg/day) of rimonabant are shown. A lower
dose (5 mg/day) had no consistent effect on plasma cholesterol, LDL, or triglycerides and caused small and variable increases (�0.5 mg/dl) in plasma HDL at 1 year,
with no change at 2 years. SEs of the means are �10–20% of the mean values. None, no significant effect detected.
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during treatment. A total of 6.3% of pa-
tients became tachycardic, and mean
pulse rate increased by 2.5 bpm. No pa-
tients developed arrhythmias, but there
are reports of ventricular ectopy and pro-
longed QT syndrome in a few patients
treated with sibutramine (47). Sibutra-
mine can also cause insomnia (3.2% of
adolescents), dizziness (4%), dry mouth,
and constipation and must not be used
with monoamine oxidase inhibitors or a
variety of other medications that can
cause the serotonin syndrome (24).

In the three major studies of rimon-
abant in adults (14–16), the drug (at the
most effective dose of 20 mg/day) caused
an excess (5.6%) of “psychiatric and ner-
vous system disorders” including anxiety,
depression, and insomnia. At the less-
effective dose of 5 mg/day, there were
lesser increases in the incidence of anxi-
ety, insomnia, and dizziness. Whether
such problems would occur in young pa-

tients is unclear; however, we must be
vigilant given the prevalence of eating and
mood disorders in severely obese chil-
dren (48).

Finally, both rimonabant and met-
formin can cause abdominal discomfort,
nausea, and even vomiting. The great ma-
jority of adolescents tolerate metformin,
and gastrointestinal problems are often
transient and dose related. No cases of
lactic acidosis have been described in
children; indeed, lactic acidosis appears
to be extremely rare even in adults in the
absence of chronic cardiopulmonary, re-
nal, or hepatic disease. Long-term studies
demonstrate the overall tolerability and
relative safety of the drug (49).

Summary of the benefits and risks of
pharmacologic agents
In summary, pharmacologic agents pro-
vide modest to moderate, short-term re-
duction in body weight and (in some

cases) cardiovascular risk factors. The ef-
fects of the drugs appear to be facilitated
by lifestyle change. Their efficacy appears
highly variable among individuals, which
may reflect genetic influences, perinatal
programming, parental motivation, and
past and current behavior. The medica-
tions have differential effects on weight
and metabolic function. Adverse effects
are concerning in a subset of patients, and
attrition rates from experimental studies
are high. The length of time required for
treatment is unclear, and the long-term
risks of anorectic agents are unknown.
Importantly, certain agents (metformin
and orlistat) delay the development of
type 2 diabetes in high-risk adults, but the
long-term benefits for cardiovascular dis-
ease or malignancy are unclear.

Approach to pharmacotherapy in
pediatric patients
Can we identify pediatric candidates
for pharmacological therapy? The ma-
jor goals of any intervention or treatment
for childhood obesity are: 1) to prevent or
reverse metabolic comorbidities, 2) to re-
duce the risk of long-term complications
including cardiovascular disease and ma-
lignancy, and 3) to improve psychosocial
function and quality of life. The risk of
metabolic complications correlates with
the severity of obesity and insulin resis-
tance (6,50) and with the presence of
abdominal adiposity and/or ovarian hy-
perandrogenism/PCOS, which predis-
pose to glucose intolerance. A family
history of maternal gestational diabetes or
of early-onset glucose intolerance or car-
diovascular disease also bodes poorly
(50). Consequently, the author believes
that peripubertal children and adoles-
cents with severe insulin resistance, IGT,

Figure 5—Effects of pharmacologic agents on rates of development of type 2 diabetes in adults
with IGT. Shown here are comparative 3-year data from the XENDOS Study in Swedes (orlistat,
n � 1,640) (13), the DPP in a mixed racial group (metformin, n � 1,073) (11), and the Indian
DPP (metformin, n � 133) (36). Values represent the means of control (standard treatment, Std)
and medication-treated groups. MET, metformin; ORL, orlistat.

Table 3—Effects of pharmacologic agents on BMI and metabolic dysfunction in obese adolescents

Orlistat (n � 357) Sibutramine (n � 464) Metformin (n � 54)

Weight (kg) �2.5 �7.7 �3.15
BMI (kg/m2) �0.86 �2.8 �1.38
BMI z score Not measured �0.20 �0.18
Glucose (mg/dl) None None �3.9
Insulin (�U/ml) None 0 to �7 �8.2
Lipids None 0 to �25.2 mg/dl* Variable benefit

0 to �3.1 mg/dl†

Data represent placebo-subtracted mean values compiled from randomized, placebo-controlled studies
(orlistat �21	, sibutramine �17,19,22,33	, and metformin �34–36	). SEs of the means are �15% of the mean
values. None, no significant effect detected. *Triglyceride; †HDL. BMI z, BMI SD score.

Table 4—Drug efficacy and rates of attrition
from experimental studies of pharmacologic
agents in adolescents and adults

Weight loss at
year 1 (kg)

Attrition
rate (%)

Orlistat 2.5–2.9 33–35
Sibutramine 4.5–7.7 24–43
Rimonabant 5.6 40
Metformin 2.6 6–7

Data represent the mean 1-year values compiled
from 1) meta-analyses of studies of sibutramine
(24,28–30) and orlistat (24,28–30) in adults, 2) the
results of the DPP (metformin) (11), 3) three multi-
center studies of rimonabant (14–16) in adults, and
4) eight randomized controlled studies of sibutra-
mine, orlistat, and metformin in adolescents
(17,19,21,22,33–36).
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hepatic steatosis, and/or ovarian hyperan-
drogenism are potential candidates for
pharmacotherapy, particularly if there is
marked abdominal adiposity and/or a
strong family history of gestational diabe-
tes, early-onset type 2 diabetes, myocar-
dial infarction, or stroke. No absolute
guidelines can be provided for the selec-
tion of pediatric patients for pharmaco-
logic therapy; the decision to begin
medication(s) should be undertaken only
after a comprehensive evaluation of the
child’s metabolic status and family history
and after an assessment of the current and
previous responses to lifestyle intervention.
An open and sympathetic discussion with
the parents or caretakers is obligatory.
When should we intervene? Lifestyle
intervention represents the core treat-
ment for obese and insulin-resistant chil-
dren and adults (9,11,13,19,31). In the
opinion of the author and many other cli-
nicians, lifestyle changes should be un-
dertaken before pharmacotherapy and
maintained during pharmacotherapy
(Fig. 6). The addition of a pharmacologic
agent may be considered if diet and exer-
cise fail to achieve the medical objectives
established by the health care profes-
sional and family. The use of medication
early in the course of adiposity (Fig. 6)
might in theory prevent the progression
to severe obesity and metabolic complica-
tions; nevertheless, such an approach
would likely treat many children without
due cause or benefit, raise the rate of “un-
warranted” side effects, and increase the
costs to individuals and to society. On the
other hand, initiation of medication very
late in the course of obesity may run the
risk, by delaying treatment, of “runaway”
or irreversible weight gain and long-term
morbidity. One approach that reconciles
these difficulties is to begin pharmaco-
therapy when the risk of comorbidities is

very high or soon after complications
emerge (denoted by the dotted vertical
line in Fig. 6). Such complications in-
clude IGT, hepatic steatosis, dyslipide-
mia, and severe menstrual dysfunction.
The timing of pharmaco-intervention
could in theory be moved to the left (in
other words slightly sooner) if the family
history for a major comorbidity such as
type 2 diabetes is particularly strong.

Which medication should be used?
The available evidence suggests that drug
selection should be tailored to the indi-
vidual patient, with strong attention paid
to the family history and potential adverse
effects.

The author considers metformin,
which reduces the rates of type 2 diabetes
in high-risk adults (11,37), a valuable ad-
junct to the treatment of obese patients

Figure 6—The author’s conceptual approach to balancing lifestyle intervention and pharmaco-
therapy in the management of obese children.

Table 5—Potential adverse effects of pharmacologic agents

Cardiovascular Gastrointestinal Central nervous system

Orlistat Malabsorption with or without ADEK deficiency;
bone turnover; gall bladder disease

Sibutramine Increased pulse; increased blood
pressure; ectopy; long QT

Dry mouth; constipation Insomnia; dizziness; drug interactions
(serotonin syndrome)

Metformin Gastrointestinal distress with or without vitamin
B deficiency with or without lactic acidosis

Rimonabant Gastrointestinal distress “Psychiatric and nervous system
disorders” (anxiety, depression,
dizziness, insomnia)

Information compiled from studies of sibutramine, orlistat, and metformin in children and adults (11,13,17,19,24,28–30,33–36) and from the results of the three
multicenter studies of rimonabant (14–16) in adults. ADEK, vitamins A, D, E, K.
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with severe insulin resistance, IGT, or
PCOS. Orlistat also reduces rates of adult-
onset diabetes (13) and might prove ben-
eficial in glucose-intolerant children.
Dyslipidemic patients may benefit from
orlistat or metformin, which reduce LDL
levels and the LDL-to-HDL ratio in adults
(12,13,38). Metformin or orlistat may
also prove useful for obese patients with
hepatic steatosis, although additional
study is clearly required.

Of the medications tested thus far in
children, sibutramine is most effective at
reducing body weight, at least in the short
term. However, its tendencies to raise
blood pressure and pulse are concerning,
given the high rates of systolic hyperten-
sion among obese adolescents (6). Sib-
utramine should not be used in children
with poorly controlled hypertension or
cardiovascular disease and is contraindi-
cated in adolescents with preexisting psy-
chiatric disorders. The long-term safety of
anorectic agents in children has not been
established, and, in the author’s opinion,
sibutramine remains an experimental
approach for the treatment of pediatric
obesity, requiring long-term study in
carefully controlled clinical trials.

Whether rimonabant will prove effec-
tive and safe in children is unclear. Given
its propensity for inducing behavioral
problems in adults, and the relatively high
prevalence of eating and mood disorders
among severely obese children (48), the
author believes that rimonabant should
not be used in young individuals without
extensive additional investigation.
Rimonabant should not be administered
to children with a history of psychiatric
disease or severe mood disorders.

In the future, other classes of pharma-
cologic agents (e.g., centrally/vagally ac-
tive incretin mimetics, melanocortin 4
receptor agonists, ghrelin antagonists,
etc.) may be used for the treatment of obe-
sity or maintenance of weight loss in ad-
olescents or adults. Other medications,
including the thiazolidinediones, target
one or more components of the metabolic
syndrome and reduce the risk of type 2
diabetes in adults with IGT (51); how-
ever, their tendency to cause weight gain,
edema, and, rarely, heart failure (51,52)
may be problematic in obese subjects. All
of these drugs will require systematic in-
vestigation and careful consideration of
their potential risks, as well as benefits,
before they can be used in the general pe-
diatric population.
How long do we need to treat? Obesity
is a chronic, and in many cases life-long,

condition. Yet, pharmacotherapy might
be discontinued or the dose of medication
reduced significantly if short-term objec-
tives of treatment are achieved, i.e., re-
duction in BMI z score and normalization
of blood pressure, plasma lipids, and he-
patic and renal function and in girls with
PCOS, reduction in hirsutism scores and
restoration of ovulatory menses.

Nevertheless, the Rimonabant North
America Study (16) showed that discon-
tinuation of drugs was associated with
nearly complete regain of lost weight
within 1 year. Thus, adults may require
long-term pharmacotherapy for long-
lasting benefit. We don’t know if this is
the case for children. Still, if an anti-
obesity medication is discontinued or its
dose reduced, it is essential that lifestyle
intervention be maintained throughout;
this may limit rebound weight gain and
might prevent relapse of comorbidities.
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