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Obesity is a significant cause of type 2
diabetes (1,2). It is also the most
i m p o rtant modifiable factor for this

disease in both men and women (3). The
incidence of type 2 diabetes rises with
i n c reasing severity of obesity, and also with
weight gain per se, independent of baseline
BMI (4). In addition, the incidence of type 2
diabetes is closely associated with a part i c u-
lar pattern of regional body fat distribution
(5,6), specific a l l y, with excess adipose tissue
centrally localized in the abdominal (part i c-
ularly visceral) region (7). Individuals with
this predominant pattern of fat accumulation
a re more insulin resistant than those with
excess gluteofemoral adipose tissue (8,9).

Modest weight loss (5–10% of initial
body weight) improves glycemic control in
patients with type 2 diabetes (10). In addi-
tion, modest weight loss may reduce or
even eliminate the need for hypoglycemic
agents and may lessen the severity of car-
diovascular disease risk factors, which are
typically altered in patients with type 2 dia-
betes (11). Obese individuals experience
d i fficulty in achieving clinically signific a n t
weight loss by dietary restriction alone (12),
and this problem is compounded in obese
diabetic patients because sulfonylureas and
insulin both promote weight gain (13).

A number of pharmacologic agents
have been used in obese patients in combi-
nation with dietary interventions to pro-
duce weight loss, but these generally
s h o rt - t e rm approaches have proven to be
l a rgely unsuccessful (14,15). Furt h e rm o re ,
most of the drugs used in these trials act on
the central nervous system to suppre s s
appetite, and owing to the risk of serious
complications (16), their use has been
withdrawn or is strictly re g u l a t e d .

Orlistat is the first of a new class of
antiobesity agents, the lipase inhibitors,
developed for the long-term management of
obesity and its associated comorbidities. A
dose-dependent reduction in dietary fat
absorption is produced by orlistat, with a
maximum 30% inhibition of fat absorption
with a dosage of 120 mg t.i.d. (17). By
selectively inhibiting the absorption of
d i e t a ry fat (18), orlistat is directed toward
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Role of Orlistat in the Treatment of
Obese Patients With Type 2 Diabetes
A 1-year randomized double-blind study

O R I G I N A L  A R T I C L E

O B J E C T I V E — Obesity is an important risk factor for type 2 diabetes. Weight loss in patients
with type 2 diabetes is associated with improved glycemic control and reduced card i o v a s c u l a r
disease risk factors, but weight loss is notably difficult to achieve and sustain with caloric
restriction and exercise. The purpose of this study was to assess the impact of treatment with
orlistat, a pancreatic lipase inhibitor, on weight loss, glycemic control, and serum lipid levels
in obese patients with type 2 diabetes on sulfonylurea medications.

RESEARCH DESIGN AND METHODS — In a multicenter 57-week randomized dou-
ble-blind placebo-controlled study, 120 mg orlistat or placebo was administered orally three times
a day with a mildly hypocaloric diet to 391 obese men and women with type 2 diabetes who were
aged 18 years, had a BMI of 28–40 kg/m2, and were clinically stable on oral sulfonylure a s .
Changes in body weight, glycemic control, lipid levels, and drug tolerability were measure d .

R E S U LT S — After 1 year of treatment, the orlistat group lost 6.2 ± 0.45% (mean ± SEM) of ini-
tial body weight vs. 4.3 ± 0.49% in the placebo group (P 0.001). Twice as many patients re c e i v-
ing orlistat (49 vs. 23%) lost 5% of initial body weight (P 0.001). Orlistat treatment plus diet
c o m p a red with placebo plus diet was associated with significant improvement in glycemic con-
t rol, as re flected in decreases in HbA1 c (P 0.001) and fasting plasma glucose (P 0.001) and
in dosage reductions of oral sulfonylurea medication (P 0.01). Orlistat therapy also re s u l t e d
in significantly greater improvements than placebo in several lipid parameters, namely, gre a t e r
reductions in total cholesterol, (P 0.001), LDL cholesterol (P 0.001), triglycerides (P 
0.05), apolipoprotein B (P 0.001), and the LDL-to-HDL cholesterol ratio (P 0.001). Mild to
moderate and transient gastrointestinal events were re p o rted with orlistat therapy, although their
association with study withdrawal was low. Fat-soluble vitamin levels generally remained within
the re f e rence range, and vitamin supplementation was re q u i red in only a few patients.

C O N C L U S I O N S — Orlistat is an effective treatment modality in obese patients with type
2 diabetes with respect to clinically meaningful weight loss and maintenance of weight loss,
i m p roved glycemic control, and improved lipid pro fil e .
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one of the putative causes of obesity,
n a m e l y, excess dietary fat intake (19). Pre-
vious short - t e rm studies have shown that
orlistat plus diet is more effective in re d u c-
ing weight compared with diet alone
(20,21). The aim of the present multicenter
study was to investigate the long-term
weight loss efficacy of orlistat, 120 mg t.i.d.,
in obese patients with type 2 diabetes main-
tained on oral sulfonylureas and to deter-
mine whether this treatment impro v e s
glycemic control and lipid status more than
d i e t a ry treatment alone.

RESEARCH DESIGN AND
M E T H O D S

Study design
This multicenter double-blind randomized
p l a c e b o - c o n t rolled trial was conducted in
12 centers in the U.S. During a 5-week sin-
gle-blind placebo lead-in period, patients
who had been receiving oral sulfonylure a
medications for the previous 6 months
w e re prescribed a nutritionally balanced
mildly hypocaloric weight-loss diet ( 3 0 %
of calories as fat, 50% as carbohydrate, and
20% as protein, with a maximum of 300
mg/day of cholestero l ) .

The criteria for randomization and
e n t ry into the double-blind treatment were
as follows: 1) completion of the placebo
and diet lead-in period with a drug com-
pliance of at least 70% based on counting
placebo capsules, 2) HbA1 c of 6.5–10% at
s c reening, 3) fasting plasma glucose level of
5.6–12.2 mmol/l at the end of the 4th week
of the lead-in period, and 4) blood levels of
fat-soluble vitamin above the lower limit of
the normal re f e rence range. During the
placebo lead-in period, patients received an
oral hypoglycemic agent (either glypizide
or glyburide) at doses determined by their
physician. During the 2 weeks before ran-
domization, patients were maintained on a
constant dose of oral hypoglycemic agent
for the remainder of the lead-in period, to
be changed only by protocol after random-
ization (see below). Randomization was
s t r a t i fied according to weight loss and glu-
cose control during the placebo lead-in
period: 1) weight loss 2.0 kg, glucose
5.6–8.9 mmol/l; 2) weight loss 2.0 kg,
glucose 9.0–12.2 mmol/l; 3) weight loss

2.0 kg, glucose 5.6–8.9 mmol/l; and 4)
weight loss 2.0 kg, glucose 9.0–12.2
mmol/l. Patients were randomized after the
lead-in period to receive 120 mg orlistat or
matching placebo three times a day taken
with meals in conjunction with a mildly

hypocaloric diet ( 500 kcal/day defic i t )
for a total of 52 weeks.

The study protocol was approved by
each of the centers’ institutional re v i e w
b o a rds and was conducted in accord a n c e
with the revised Declaration of Helsinki. All
patients provided written informed consent.

Patients
Obese patients of either sex (aged 1 8
years) were eligible for inclusion in the study
if they had a BMI of 28–40 kg/m2, were on
an oral hypoglycemic drug therapy for at
least 6 months before the study, and had a
stable plasma glucose level on a second-
generation sulfonylurea agent (glyburide or
glypizide) as the only hypoglycemic agent at
e n t ry into the trial. Patients were excluded if
they were pregnant, lactating or of child-
bearing potential and not taking adequate
contraceptive measures, or if they had any
clinically relevant condition that might aff e c t
the outcome of the study (e.g., psychiatric
d i s o rders, substance abuse, cholecystitis,
p a n c reatic disease, uncontrolled hypert e n-
sion). Patients were also excluded if they had
s i g n i ficant complications associated with
diabetes, weight loss of 4 kg during the
p revious 3 months, a history of re c u rre n t
n e p h rolithiasis or symptomatic cholelithia-
sis, gastrointestinal (GI) surg e ry for weight
reducing purposes, or a history of bulimia
or laxative abuse or if they had taken any
d rug that might influence body weight or
plasma lipids during the 8 weeks before the
study initiation.

Assessments
B e f o re starting the study, all patients under-
went an initial screening assessment that
included a medical history, physical exam-
ination, measurements of vital signs, elec-
t ro c a rdiogram, laboratory parameters, and
body weight. All vitamin supplements were
discontinued, and patients were instru c t e d
on the dietary re q u i rements of the study
and pro c e d u res for completing food intake
re c o rds. Efficacy and safety assessments
w e re conducted weekly during the placebo
lead-in period and after randomization at
weeks 1 and 2 and then every 2–4 weeks
for the remainder of the treatment period.

Efficacy measures
The primary efficacy parameter was weight
loss. Patients were weighed at least twice at
each assessment until two consecutive
m e a s u rements were within 0.5 kg of each
other; the average of the two measure m e n t s
was re c o rded. Secondary efficacy parame-

ters were glycemic control, lipid levels, and
waist circ u m f e rence. Waist circ u m f e re n c e
was measured at baseline and at weeks 24
and 52 with the use of a spring-loaded cal-
ibrated measuring tape.

Assessments of glycemic contro l
included changes from baseline (day 1 of
randomization) in levels of HbA1 c, fasting
plasma glucose, and insulin, as well as the
need for upward or downward adjustment
of the dose of oral sulfonylurea medication
over time. Criteria for changing sulfonylure a
dose were standardized across study centers
and were based on symptoms or plasma glu-
cose evidence of hypo- or hyperg l y c e m i a .
Fasting glucose was measured at each visit;
H b A1 c was measured at baseline and at
weeks 12, 24, 36, and 52; insulin levels
w e re assessed at baseline and weeks 24 and
52. Measurement of HbA1 c was perf o rm e d
at the University of Minnesota Laboratory.

Assessment of lipid status i n c l u d e d
changes from baseline (day 1 of random-
ization) to weeks 24 and 52 in the following
s e rum lipid parameters: total cholestero l ,
LDL cholesterol, HDL cholesterol, triglyc-
erides, the LDL-to-HDL ratio, VLDL cho-
l e s t e rol, and apolipoprotein B.

Tolerability assessments
All adverse events were re c o rded. To ensure
consistency across centers in identifying
and labeling GI events, a detailed dictio-
n a ry of standard terms was developed to
describe defecation patterns. Standard lab-
o r a t o ry pro c e d u res included hematology,
clinical chemistry, urinalysis, and fecal-
occult blood (Roche Biomedical Laborato-
ries, Raritan, NJ). Measurements of
vitamins A, D (measured as 25-OH vitamin
D), E, and - c a rotene were also carr i e d
out. These pro c e d u res were undertaken by
a central laboratory (Medical Research Lab-
oratories, KY). Pro t h rombin time (PT),
used as an index of vitamin K status, was
m e a s u red locally. Investigators were
p romptly notified if plasma levels of vita-
mins A, D, or E, PT, or beta-carotene were
below the re f e rence range but were blinded
to the actual values. Additional diet coun-
seling and a standardized commerc i a l l y
available vitamin supplement were pro-
vided when necessary if two consecutive
vitamin measurements were below the re f-
e rence range.

Statistical analysis
An intent-to-treat analysis was conducted in
patients who had received at least one dose
of study medication and had a subsequent
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e fficacy observation. Patients were included
in the safety analysis if they had received one
dose of trial medication after randomization
and had a subsequent safety observ a t i o n .

The null hypothesis that the expected
mean weight change from baseline to the
end of 1 year of double-blind treatment did
not differ significantly between the placebo
and orlistat treatments was tested using
analysis of variance (ANOVA) and analysis
of covariance (ANCOVA) models (22). Sim-
ilar analyses were applied to the secondary
e fficacy parameters. The statistical signifi-
cance of the independent effects of tre a t m e n t
and weight loss on the secondary eff i c a c y
parameters was determined by ANCOVA ,
using weight loss as the covariate. The
placebo-adjusted 95% CI of orlistat tre a t-
ment effect, based on the least-squares mean
(LSM), was also determ i n e d .

R E S U LT S — A total of 391 patients
w e re enrolled in the study. Of these, 322
completed the 5-week placebo lead-in and
w e re randomized to double-blind tre a t-
ment with orlistat (n = 163) or placebo (n
= 159) (Fig. 1). There were 254 patients
who completed the study (73% in the
placebo group and 85% in the orlistat
g roup). The reasons for pre m a t u re with-
drawal during the double-blind tre a t m e n t
period included adverse events, loss to fol-
low-up, noncompliance (n = 4), adminis-
trative, protocol violations, and tre a t m e n t
f a i l u re. The characteristics of the patient
population at study entry, shown in Ta b l e
1, were similar in the two treatment gro u p s .

Body weight changes
Weight loss, expressed as the perc e n t a g e
reduction in body weight throughout the 1
year of treatment is shown in Fig. 2. During
the 5-week placebo lead-in period, both
g roups lost an equivalent amount of weight

(mean ± SEM, 2.24 ± 0.14 and 2.07 ± 0.15
kg in the placebo and orlistat gro u p s ,
respectively). The diff e rence in weight loss
between the two treatments became appar-
ent 4 weeks after randomization, with orli-
s t a t - t reated patients losing weight at an
a p p reciably faster rate than placebo-tre a t e d
patients. At 57 weeks after study initiation,
patients in the orlistat group had lost 6.2 ±
0.5% of their initial body weight vs. 4.3 ±
0.5% in the placebo group (intent-to-tre a t
analysis). The LSM diff e rence between
t reatment groups (2.4 kg) was statistically
s i g n i ficant (P 0.001). Nearly identical
values were obtained from the population
included in the completers analysis: 6.3 ±
0.4 vs. 4.2 ± 0.5% change from initial body
weight in the orlistat and placebo gro u p s ,
re s p e c t i v e l y. When expressed as kilograms
of weight lost from initial body weight, the
same pattern of results was obtained,
n a m e l y, significantly greater weight loss in
the orlistat compared with the placebo

g roup (6.19 ± 0.51 vs. 4.31 ± 0.57 kg, P
0.001; intent-to-treat analysis).

Categorical analysis indicated that twice
as many receiving orlistat lost 5% of their
initial body weight (48.8 vs. 22.6%, P 
0.001) (Fig. 3). Similarly, more patients in
the orlistat group than in the placebo gro u p
lost 10% of their initial body weight (17.9
vs. 8.8%, P = 0.017).

Glycemic control
During the placebo lead-in period, mean
fasting plasma glucose levels decreased in
both the orlistat and placebo groups (0.98
± 0.13 and 1.16 ± 0.13 mmol/l, re s p e c-
tively). From randomization to the end of
t reatment, mean fasting plasma glucose
d e c reased in the orlistat group by an addi-
tional 0.02 ± 0.14 mmol/l but increased by
0.54 ± 0.15 mmol/l in the placebo group (P

0.001). In a subset of patients with a
fasting plasma glucose 7.77 mmol/l at the
s t a rt of double-blind treatment, there was a
s i g n i ficantly greater decrease in fasting
plasma glucose levels in the orlistat gro u p
than the placebo group after 52 weeks of
t reatment ( 0.47 ± 0.19 vs. 0.36 ± 0.27
mmol/l increase for orlistat vs. placebo,
respectively; P 0.001). After 52 weeks of
t reatment, mean fasting insulin levels had
also decreased by 5.2 ± 4.4% in orlistat-
t reated patients, compared with a 4.3 ±
6.3% increase in the placebo group. How-
e v e r, this diff e rence was not statistically
s i g n i fic a n t .

F rom the beginning of the lead-in
period to the time of randomization, mean
H b A1 c levels decreased to a similar extent in
both treatment groups to 7.5% at the time

Figure 1—Study protocol. AEs, adverse events.

Table 1—Characteristics of patient population at study entry

Parameter Placebo Orlistat (120 mg t.i.d.)

n 159 162
Sex (M/F) 85/74 79/83
Age (years) 54.7 ± 9.7 55.4 ± 8.8
Race

White 140 141
Black 9 13
Hispanic 6 4
Other 4 4

Weight (kg) 99.7 ± 15.4 99.6 ± 14.5
Height (cm) 170.9 ± 9.5 169.6 ± 9.5
BMI (kg/m2) 34.0 ± 3.4 34.5 ± 3.2
Fasting plasma glucose (mmol/l) 9.09 ± 1.87 8.85 ± 1.68
HbA1c (%) 8.2 ± 1.07 8.05 ± 0.98

Data are means ± SD.



DIABETES CARE, VOLUME 21, NUMBER 8, AUGUST 1998 1291

Hollander and Associates

of randomization. At 52 weeks after ran-
domization, however, orlistat-tre a t e d
patients had a further mean decrease in
H b A1 c of 0.28 ± 0.09%, compared with a
mean increase of 0.18 ± 0.11% in the
placebo group (P 0.001). More o v e r, in the
subset of patients with HbA1 c levels 8% at
the start of double-blind treatment, the orli-
stat group (n= 41) had a decrease of 0.53 ±
0.18%, compared with a 0.05 ± 0.29%
d e c rease in the placebo group (n= 42) (P
0.001). In addition, the average dose of oral
s u l f o n y l u rea medication decreased more in
the orlistat group than in the placebo gro u p
( 23 vs. 9%, respectively; P = 0.0019). A
total of 43.2% of orlistat-treated patients
d e c reased the amount of oral sulfonylure a s ,
c o m p a red with 28.9% of the placebo gro u p ,
and 11.7% of orlistat-treated patients dis-
continued sulfonylurea medication. Also, 15
p l a c e b o - t reated patients (8.8%) withdre w
f rom the trial pre m a t u rely because of ele-
vated plasma glucose levels on three or more
occasions, despite maximal doses of sul-
f o n y l u rea medication, compared with only 5
(2.5%) in the orlistat gro u p .

Serum lipids
Table 2 shows the changes in mean seru m
lipid levels during the trial. During the
lead-in period, there were similar decre a s e s
in most of the lipid parameters in both
t reatment groups. After randomization,
h o w e v e r, orlistat-treated patients demon-
strated improved serum lipids compare d
with placebo, with statistically signific a n t
d i ff e rences for total cholesterol, LDL cho-
l e s t e rol, LDL-to-HDL ratio, triglycerides,
and apolipoprotein B (Table 2).

The patients in both treatment gro u p s
w e re categorized according to whether they

1) lost 10% of their initial weight, 2) lost
5–10% of their initial weight, or 3) lost

5% of their initial weight or gained
weight. Selected metabolic changes acro s s
d rug treatments and categories of weight
loss are shown in Fig. 4. As indicated in
Fig. 4A, HbA1 c i m p roved pro g ressively with
i n c reasing weight loss with no signific a n t
d rug treatment effect that was independent
of weight loss. However, as shown in Fig.
4B and 4C, orlistat treatment reduced LDL
c h o l e s t e rol and total cholesterol, re s p e c-
t i v e l y, significantly more than placebo
within all three levels of weight loss.

Anthropometry
After 52 weeks of therapy, mean waist cir-
c u m f e rence decreased significantly more
in the orlistat-treated group than in the
placebo group ( 4.8 ± 0.5 vs. 2.0 ± 0.5
cm, P 0 . 0 1 ) .

Tolerability
Adverse events occurred at a similar over-
all incidence in both treatment gro u p s .
H o w e v e r, there were more GI events asso-
ciated with orlistat. There were 79% of
patients in the orlistat group versus 59% in
the placebo group who experienced at least
one GI event. The majority of patients on
orlistat experienced one or two of these
events. GI events occurred early during
t reatment, were mild to moderate in inten-
s i t y, were generally transient, and re s o l v e d
s p o n t a n e o u s l y. The number of patients
who withdrew because of GI events was
seven in the orlistat group versus two in the
placebo group. There were seven types of
GI events that were identified as being
almost exclusively related to orlistat tre a t-
ment (occurring with an incidence rate of
at least 5% and in twice as many patients in
the orlistat versus placebo group): fla t u s
with discharge (40.1%), oily spotting
(32.7%), fecal urgency (29.7%), fatty/oily
stool (19.8%), oily evacuation (14.3%),
fecal incontinence (11.8%), and incre a s e d
defecation (11.1%).

Non–clinically relevant changes in a
number of laboratory parameters occurre d
at a similar incidence in both tre a t m e n t
g roups. There was no evidence for the
development of gallstones or renal stones
after orlistat treatment. Mean plasma levels
of vitamins A, D, and E and beta-caro t e n e
remained within the re f e rence range
t h roughout the study. After 52 weeks of
t reatment, mean vitamin E and beta-
c a rotene levels were significantly lower in
the orlistat group compared with the
placebo group (P 0.001). However, there
was no significant change in the vitamin

Figure 2—Mean percentage change (± SEM) from initial body weight.

Figure 3—Frequency distribution of percentage change from initial body weight to end of 1 year.
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E–to–LDL ratio in either group. As a conse-
quence of having two or more consecutive
low vitamin levels, vitamin D supplementa-
tion was instituted in 7% of placebo-tre a t e d
patients and 17% of orlistat-treated patients;
vitamin E supplementation was given to
1% of both treatment groups; and 9% of the
orlistat group received beta-carotene sup-
plementation. All patients receiving supple-
mentation attained normal levels with
t reatment, and no patients were withdrawn
because of low vitamin values. In addition,
mean PT values, used as a surrogate marker
of vitamin K, were not diff e rent between the
orlistat and placebo groups and did not fall
below the re f e rence range.

C O N C L U S I O N S — This study showed
that orlistat plus diet therapy produced an
average weight loss of 6 kg (6% of body
weight) in patients with type 2 diabetes.
M o re o v e r, this loss was significantly gre a t e r
than that seen with diet therapy alone and
was maintained for 1 year. Weight loss of
this magnitude has been re p o rted to
i m p rove glucose tolerance, increase insulin
s e n s i t i v i t y, improve lipid pro files, and
reduce the re q u i rement for hypoglycemic
therapy (23–27). In the present study, orli-
stat plus diet not only improved glycemic
c o n t rol more than diet alone, but it also
l o w e red the dose re q u i rement for sulfonyl-
u rea therapy and had favorable effects on
total cholesterol, LDL cholesterol, the LDL-
to-HDL cholesterol ratio, and apolipopro-
tein B levels. It is noteworthy that the loss
of 4% of body weight in the placebo
g roup had little impact on HbA1 c. This
finding is consistent with a critical thre s h-
old weight loss of 5% for impro v e d
glycemic control (10).

While weight loss and exercise are the
first recommended line of treatment for

most patients with type 2 diabetes, weight
loss is very difficult to achieve and maintain
in obese patients in general, and even more
so in patients with type 2 diabetes on sul-
f o n y l u rea medication ( 2 5 ) . F u rt h e rm o re ,
Watts et al. (28) have demonstrated that a

subset of patients with type 2 diabetes did
not improve glycemic control with weight
loss, perhaps owing to severe or long-stand-
ing -cell defic i e n c y. Nevertheless, the
moderate weight loss achieved in this study
was associated with HbA1 c i m p ro v e m e n t

Table 2—Change in lipid parameters after treatment with 120 mg orlistat or placebo three times a day

Change from baseline (day 1) LSM% difference from
Orlistat Placebo placebo or actual change P value

Total cholesterol (mmol/l) 0.08 ± 0.05 0.39 ± 0.06 9.14 0.001
LDL cholesterol (mmol/l)* 0.13 ± 0.05 0.22 ± 0.06 12.79 0.001
HDL cholesterol (mmol/l) 0.06 ± 0.01 0.08 ± 0.01 1.20 0.486
LDL-to-HDL ratio 0.26 ± 0.05 0.02 ± 0.06 0.30 0.001
Triglycerides (mmol/l) 0.01 ± 0.07 0.21 ± 0.08 10.62 0.036
VLDL cholesterol (mmol/l) 0.02 ± 0.03 0.08 ± 0.04 0.09 0.059
Apolipoprotein A-1 (mg/l) 47.99 ± 7.72 58.23 ± 9.37 10.43 0.341
Lipoprotein(a) (mg/l) 10.23 ± 8.08 6.70 ± 7.93 16.06 0.141
Apolipoprotein B (mg/l) 43.66 ± 17.22 75.4 ± 16.57 108.80 0.001

Data are means ± SEM. *Measured by ultracentrifugation.

Figure 4—A: Mean ± SEM changes in HbA1c (%) from initial value to end of 1-year treatment with
placebo or orlistat across three categories of weight change (% of initial body weight). *P 0.05 weight
change category. B: Mean ± SEM change in LDL cholesterol (LDL-C) (mmol/l) from initial value to end
of 1-year treatment with placebo or orlistat across three categories of weight change (% of initial body
weight). *P 0.05 weight change category effect; †P 0.05 orlistat versus placebo effect. C: Mean ±
SEM change in total cholesterol (mmol/l) from initial value to end of 1-year treatment with placebo or
orlistat across three categories of weight change (% of initial body weight). *P 0.05 weight change
category effect; †P 0.05 orlistat versus placebo effect.
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comparable to that seen in studies with
antidiabetic drugs such as acarbose (29).

The significance of the present study,
t h e re f o re, is that a new pharmacologic ther-
a p y, with an entirely new mechanism of
action, has a beneficial effect on lipids and
H b A1 c as a measure of glycemia, lasting for
1 year in patients with type 2 diabetes that
is greater than the benefit derived from diet
alone. Orlistat works on one of the putative
causes of obesity, namely, dietary fat (19),
rather than by suppressing food intake. The
health benefits of orlistat in these patients
w e re accomplished with a modest weight
loss of 6% of initial body weight. The
impact of orlistat on several lipid parameters
was independent of the magnitude of
weight loss and was greater in orlistat-
t reated compared with placebo-tre a t e d
patients in every category of weight loss
(Fig. 4). This independent pharm a c o l o g i c
lipid-lowering effect of orlistat is pro b a b l y
related to the mechanism of action in re d u c-
ing the absorption of dietary fat. On the
other hand, there is no apparent pharm a-
cologic basis for diff e rential effects of tre a t-
ment with orlistat compared with placebo
on parameters of glycemic control beyond
the fact that more patients lost a gre a t e r
amount of weight in the orlistat-tre a t e d
g roup and the relationship between degre e
of weight loss and improvement in glycemic
c o n t rol is well-established.

One of the other findings of note in this
study is the significantly greater decrease in
waist circ u m f e rence in the orlistat versus
the placebo group. Despres and others
(9,30) have shown that waist circ u m f e re n c e
is more closely correlated with the volume of
visceral adipose tissue than the waist-to-hip
ratio or total body fat mass. It is possible that
a greater loss of visceral adipose tissue, as
re flected indirectly in the decrease in waist
c i rc u m f e rence, contributed to the impro v e-
ment in glycemic status in the orlistat gro u p
(30). Reductions in visceral adipose tissue
a re associated with improved glycemic con-
t rol and enhanced insulin action (30); how-
e v e r, a singular causative relationship can
only be established by more direct measure-
ments of insulin sensitivity and visceral fat
content. The mechanisms underlying the
o b s e rved independent impact of orlistat on
several cardiovascular disease risk factors
beyond the simple effect of weight loss per se
w a rrant further investigation.

Orlistat was generally well tolerated.
Despite significantly more GI events re l a t e d
to its mode of action to increase undigested
fat passing through the intestine, the overall

incidence of adverse events was similar in
the orlistat and placebo groups. Indeed, the
withdrawal rate due to adverse events was
even greater in the placebo group than the
orlistat group. Inhibition of fat absorption
could lead to the development of defic i e n-
cies in fat-soluble vitamin. To investigate
this possibility, all vitamin preparations were
discontinued 8 weeks before the trial, and
plasma levels of fat-soluble vitamin and
b e t a - c a rotene generally remained within the
re f e rence range throughout the study. Vi t a-
min E and beta-carotene levels were lower
in the orlistat group compared with the
placebo group during the trial; however,
when corrected for changes in LDL, vitamin
E was not diff e rent between the orlistat and
placebo groups. On a few occasions for a
small number of patients, consecutive low
vitamin levels were re c o rded, and vitamin
supplementation was instituted. In all these
patients, vitamin levels normalized by the
end of the study. It is worth noting that it is
s t a n d a rd medical practice for obese patients
on a hypocaloric diet to receive vitamin
s u p p l e m e n t s .

Over the years, many approaches to
weight loss have been tried. Most of them
have been ineffective and some have
p roven to be dangerous. During the past
several years the sero t o n e rgic appetite-sup-
p ressant drugs have been shown in several
trials to be effective in enhancing weight
loss and improving glycemic control (31).
R e c e n t l y, however, the drugs used in these
trials, fenfluramine and dexfenflu r a m i n e ,
w e re withdrawn because of serious com-
plications and side effects. Sibutramine, a
recently approved centrally acting sero-
tonin and noradrenaline reuptake inhibitor,
has been shown to facilitate greater weight
loss than placebo in patients with type 2
diabetes but had no significant effect on
glycemic control, although the observ e d
i n c rease in plasma glucose after 12 weeks
of treatment was lower with sibutramine
than placebo (32).

T h e re are several points that make this
study significant. Orlistat is a new pharm a-
cologic therapy that uses an entirely new
mechanism of action for achieving weight
loss. It is also the first long-term large scale
study of pharmacological therapy in obese
patients with type 2 diabetes. In this study,
orlistat had a greater beneficial effect on
glycemia and lipids for 1 year than did
t reatment with diet alone. The fact that the
d rug is well tolerated and has a good safety
re c o rd is especially important in this ther-
apeutic category.

In conclusion, this study confirms that
orlistat is effective for up to 1 year, enabling
obese patients with type 2 diabetes to
achieve clinically meaningful weight loss,
while at the same time enhancing glycemic
c o n t rol, thereby reducing the dose re q u i re-
ment for oral hypoglycemic medications
and improving several lipid parameters.
Such findings appear to offer a new per-
spective for the management of obese
patients with type 2 diabetes.
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