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OBJECTIVE — Moderate weight loss is recommended for overweight and obese patients with
type 2 diabetes, and conjunctive use of weight loss medication has been advocated. The current
study examined weight loss–dependent and –independent effects of the intestinal lipase inhib-
itor orlistat at 6 months of treatment, using behavioral intervention (Int) combined with ran-
domized, double-blinded, placebo (P)-controlled treatment with orlistat (O).

RESEARCH DESIGN AND METHODS — Metabolic control, insulin sensitivity (IS),
regional fat distribution, and fat content in liver and muscle were measured in 39 volunteers with
type 2 diabetes in whom all antidiabetic medication was withdrawn 1 month preceding ran-
domization. Weight loss was equivalent in the Int�O and Int�P groups, respectively (�10.3 �
1.3 vs. �8.9 � 1.1%), and there were identical decreases in visceral adipose tissue (VAT), fat
mass (FM), thigh adiposity, and hepatic steatosis.

RESULTS — Weight loss resulted in substantial improvement (P � 0.001) in HbA1c (�1.6 �
0.3 vs. �1.0 � 0.4%; NS between groups). IS improved significantly more with orlistat (�2.2 �
0.4 vs. �1.2 � 0.4 mg � min–1 � kg–1 fat-free mass [FFM]; P � 0.05), and plasma free fatty acid
(FFA) levels were strongly correlated with IS (r � 0.56; P � 0.001). Orlistat caused greater
reductions in fasting plasma FFA (�–154 � 22 vs. �–51 � 33 �mol/l; P � 0.05), insulin-
suppressed FFA (�–119 � 23 vs. �–87 � 34 �mol/l; P � 0.05), and fasting plasma glucose
(FPG; �62 � 9 vs. �32 � 8 mg/dl; P � 0.02). Changes in HbA1c were correlated with �IS (r �
�0.41; P � 0.01) but not with weight loss per se.

CONCLUSIONS — At equivalent weight loss, conjunctive use of orlistat resulted in greater
improvement in FFA levels and IS.
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T ype 2 diabetes has an especially
strong association with obesity
(1,2), and the increased prevalence

of type 2 diabetes closely parallels that of
obesity (3). Findings from bariatric sur-
gery indicate that substantial weight loss
can markedly improve type 2 diabetes
(4,5), yet even modest weight loss in-
duces clinically important improvements
(6,7), leading to a consensus that a target
weight loss of �5–10% be achieved (8,9).
Conjunctive use of weight loss medica-
tion has been recommended (10,11).

Orlistat is an intestinal lipase inhibi-
tor approved for management of obesity.
In type 2 diabetes, orlistat therapy has led
to greater improvement than placebo in
glycemic control and larger reductions in
antidiabetic medications (12–14), and or-
listat reduced progression from impaired
glucose tolerance to type 2 diabetes (15).
These improvements are ascribed to
weight loss (12), although there has been
speculation that orlistat might have effects
independent of weight loss (13,15). How-
ever, because orlistat acts as an intestinal
lipase inhibitor and is not considered to
have direct systemic effects (16,17), re-
sponsible mechanisms are unclear. The
current study was undertaken to address
the metabolic effects of orlistat used as
monotherapy in type 2 diabetes and to
determine whether there are effects that
occur independently of weight loss.

RESEARCH DESIGN AND
METHODS — This was a single cen-
ter, randomized, double-blinded, place-
bo-controlled, clinical trial of a behavioral
weight loss intervention combined with
orlistat (Int�O) or placebo (Int�P) in
overweight and obese patients with type 2
diabetes. The goal was to achieve at least a
7% weight loss. Research volunteers were
recruited from the general community by
advertisement. Inclusion criteria were 1)
type 2 diabetes, 2) BMI 	27 kg/m2, 3)
stable current weight, and 4) good general
health other than type 2 diabetes. In
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research volunteers, prior antidiabetic
medications were withdrawn and, con-
sidering the decrease in insulin secretion
with progressive duration of type 2 diabe-
tes (18,19), participation was restricted to
those with known duration of type 2 dia-
betes of �5 years. Individuals receiving
insulin, maximal dose combinations of
sulfonylurea and metformin, or thiazo-
lidinediones were excluded. The protocol
was approved by the University of Pitts-
burgh Institutional Review Board, and
volunteers gave written informed
consent.

After enrollment in the study, partic-
ipants discontinued any prior metformin
or sulfonylurea therapy during a 4-week
baseline period, but volunteers in whom
fasting plasma glucose (FPG) �250 mg/dl
developed during baseline or the subse-
quent 6-month intervention were with-
drawn from the study.

Weight loss interventions
A 24-h dietary recall was obtained twice
during baseline and near completion of 6
months’ intervention (version 4.05_33;
Nutrition Data Systems for Research,
Minneapolis, MN). Nutritional therapy
was based on healthy food selections (8),
emphasizing reduced fat consumption
(�30% of daily calories) and restriction of
portions to create a daily negative energy
balance of �500 kcal/day. Volunteers
met with a nutritionist weekly. In addi-
tion, participants were encouraged to
gradually increase physical activity
(40–60 min of moderate intensity physi-
cal activity such as walking or cycling).

After baseline assessments, partici-
pants were randomized to receive orlistat
(120 mg before each meal) or placebo. Pill
counts were obtained monthly to monitor

medication compliance. A daily multivi-
tamin supplement was provided. FPG
was measured monthly at clinic visits, and
HbA1c was measured at baseline and at 6
months.

Insulin sensitivity
After baseline, participants underwent
measurement of insulin sensitivity (IS)
and body composition using methods
previously described (20). A primed con-
tinuous infusion of 6,6-2H2 glucose was
given to measure endogenous glucose
production (EGP) and glucose utilization
(Rd) (20). Systemic indirect calorimetry
was performed (DeltaTracI; Sensormed-
ics, Anaheim, CA) to measure resting
rates of energy expenditure and glucose
and lipid oxidation (21). A 4-h continu-
ous infusion of insulin was administered
at 40 mU � m–2 � min–1 using the glucose
clamp procedure (22); plasma glucose
was allowed to decrease until euglycemia
was achieved.

Body composition assessments
Weight and height were measured using a
calibrated scale. To measure fat mass
(FM) and fat-free mass (FFM), dual-
energy X-ray absorptiometry was per-
formed, as previously described (23).
Computed tomography (CT) was used to
assess the degree of liver steatosis, to mea-
sure the cross-sectional area of adipose
tissue in the abdomen and midthigh, and
to evaluate thigh muscle attenuation as
previously described (20). A liver-to-
spleen ratio (L/S ratio) of CT attenuation
values �1 is considered to represent fatty
infiltration of the liver (24).

Analysis and calculations
Glucose, insulin, plasma free fatty acid
(FFA), lipoproteins, and plasma glucose
enrichment with 6,6-2H2 glucose were
measured as previously described (20).
Rates of glucose appearance and Rd dur-
ing fasting and insulin infusion condi-
tions were calculated using steady-state
and non–steady-state equations, respec-
tively (25). Rates of glucose and lipid ox-
idation were calculated using indirect
calorimetry equations (21).

Statistics
Data are presented as means � SE.
ANOVA was used to examine the effects
of group and treatment. A P value �0.05
was considered significant.

RESULTS

Weight loss and metabolic control
Baseline clinical characteristics of the 39
volunteers who completed 6-month as-
sessments are shown in Table 1. At base-
line, the two groups were closely matched
for age (50.3 � 1.9 and 52.1 � 1.6 years
for Int�O and Int�P, respectively), sex
distribution (12 women and 5 men in
Int�O; 14 women and 8 men in Int�P),
weight, BMI, baseline HbA1c, and other
clinical characteristics as listed. The two
groups were also well matched for other
body composition variables and had sim-
ilar insulin resistance, as will be presented
subsequently. At 6 months, a mean
weight loss of �10% was achieved, and
this was similar in the two groups. As
shown in Fig. 1, the rate of weight loss
was quite similar in the two groups, and
the percentage of research volunteers who
lost �5, 5–10, and 	10% of baseline
weight was similar; �40% of participants

Table 1—Clinical characteristics at baseline and after 6 months of weight loss intervention in type 2 diabetes

Int � O Int � P

Baseline 6 months Change Baseline 6 months Change

Weight (kg) 99 � 3.5 87 � 3.3* �10.1 � 1.4 102 � 3.6 92 � 3.5* �9.4 � 1.3
BMI (kg/m2) 34.0 � 1.0 30.4 � 1.0* �3.6 � 0.5 35.9 � 1.1 32.8 � 1.1* �3.3 � 0.4
FPG (mg/dl) 196 � 11 123 � 6 �62 � 9† 158 � 8 126 � 8* �32 � 8
HbA1c (%) 8.13 � 0.30 6.48 � 0.24* �1.65 � 0.31 7.82 � 0.3 6.85 � 0.37* �0.97 � 0.39
Fasting insulin (�U/ml) 16.3 � 2.6 9.7 � 1.0*‡ �4.9 � 1.2 18.3 � 1.8 14.7 � 1.6* �3.6 � 1.2
Fasting FFA (�mol/l) 691 � 24 517 � 23*‡ �154 � 22† 705 � 35 658 � 28 �51 � 33
Triglyceride 206 � 26 147 � 15* �59 � 22 164 � 14 123 � 12* �41 � 8
HDL cholesterol 44 � 2 42 � 2 �2.0 � 2.0‡ 47 � 2 51 � 3† 4 � 2
LDL cholesterol 129 � 7 110 � 7*‡ �19 � 4‡ 128 � 5 124 � 6 4 � 3

Data are means � SE. *P � 0.01 for baseline vs. 6 months (paired); †P � 0.05 for baseline vs. 6 months (paired); ‡P � 0.05 for orlistat vs. placebo.
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achieved 	10% weight loss, and 20% of
participants in each group lost �5% of
baseline weight. Based on pill counts at
each clinic visit, compliance with orlistat
and placebo was 94 � 3 and 87 � 3%,
respectively.

The effects of weight loss on several
parameters of metabolic control are also
shown in Table 1. There was a highly sig-
nificant decrease in HbA1c in each group
(P � 0.001). The decrement in HbA1c was
not significantly different between groups
(�1.65 � 0.31 and �0.97 � 0.39% for
Int�O and Int�P, respectively; P �
0.15). Values for FPG at 6 months were
nearly identical in the two groups, but
this represented a larger decrease from
baseline values in the Int�O group (P �
0.02). The decrease in HbA1c was signifi-
cantly correlated with an improvement in
IS (r � 0.41; P � 0.01) but was not sig-
nificantly correlated with weight loss per
se or changes in visceral adipose tissue
(VAT) or other changes in regional adi-
posity. Similarly, the reduction in FPG
was correlated with the improvement in
IS (r � 0.57; P � 0.01) but was not sig-
nificantly correlated with weight loss or
changes in regional adipose tissue
distribution.

At 6 months in the Int�P group,
there was a significant decrease in fasting
insulin, but fasting plasma FFA did not
change significantly compared with base-

line. At 6 months in the Int�O group,
fasting values for insulin and FFA were
significantly lower than at baseline, and
there were significantly lower plasma
FFAs in the Int�O group (P � 0.01). The
decrease in fasting levels of plasma FFAs
associated with use of orlistat remained
statistically significant (P � 0.01) after ad-
justing for effects of weight loss.

With regard to lipoprotein profiles,
there was a significant and similar de-
crease in plasma triglyceride in the two
groups but a greater decrease in LDL cho-
lesterol in those receiving Int�O (P �
0.01), which is consistent with prior stud-
ies (26). There was a modest and signifi-
cant increase in HDL cholesterol in the
Int�P group but not in the Int�O group.
A nonsignificant decrease in systolic
blood pressure was observed by 6 months
in both groups (�3 � 2 and �4 � 2
mmHg for Int�O and Int�P, respec-
tively), whereas there was a significant de-
crease in diastolic blood pressure (�6 �
2 and �5 � 2 mmHg for Int�O and
Int�P, respectively; both P � 0.01).

Regarding side effects, 10 of the vol-
unteers randomized to Int�O noted ad-
verse gastrointestinal effects of loose or
oily stools or increased flatus. Similar ad-
verse effects were noted by six of the vol-
unteers randomized to Int�P. No one
withdrew from the study due to adverse
effects of the medication.

Noncompleters
A total of 52 individuals were randomized
to intervention and 39 completed 6
months and postintervention body com-
position and metabolic assessments. The
data on these 39 volunteers form the basis
of this report. Of the 13 volunteers who
withdrew from intervention, 9 had been
randomized to orlistat and 4 to placebo.
Of the 13 volunteers who withdrew (6
from Int�O and 2 from Int�P), 8 indi-
viduals did so because FPG exceeded 250
mg/dl; prior pharmacologic treatment
was resumed. The other five volunteers
who withdrew (three from Int�O and
two from Int�P) did so because of inabil-
ity to attend weekly intervention visits. In
those who withdrew because of FPG,
withdrawal was at 10 � 2 weeks from
randomization and mean weight loss was
3.9 � 1.1 kg (�4.2 � 1.2%), which was
not different from the average weight loss
in the overall group. However, in those
who withdrew from the study, an increase
in FPG of 14 � 10 mg/dl occurred despite
weight loss. At baseline, those who were
later withdrawn from the study due to
FPG level had a higher HbA1c than those
completing the 6-month intervention
(10.2 � 0.3 vs. 7.9 � 0.2%; P � 0.001)
and higher FPG (241 � 10 vs. 168 � 6
mg/dl; P � 0.001). Similarly, fasting C-
peptide (2.5 � 0.3 vs. 3.1 � 0.2 ng/ml)
and baseline IS (2.44 � 0.33 vs. 3.66 �
0.30 mg � min–1 � kg–1 FFM) tended to be
lower (P � 0.12–0.15). Baseline weight,
BMI, VAT, and plasma FFA were similar
in those who withdrew from the study.

Weight loss and body composition
Consistent with the similarity in baseline
BMI between groups, other baseline val-
ues for body composition, as shown in
Table 2, were also quite similar, with
comparable values for FM and VAT; the
mean values of VAT were nearly twice the
thresholds identified as posing increased
metabolic risk (27). At 6 months, loss of
VAT was �26% of baseline and identical
in the two groups. There was a 22 and
17% loss of FM in the Int�O and Int�P
groups, respectively. There were also sig-
nificant decreases in abdominal subcuta-
neous adipose tissue (SAT) and in the
superficial and deep subdivisions of SAT,
and these were closely matched in the
Int�O and Int�P groups. Adipose tissue
distribution in the lower extremities was
similar at baseline and had comparable
decreases at 6 months.

Figure 1— The percentage of weight loss from baseline weight in volunteers with type 2 diabetes
is shown for those randomized to Int � P (E) and to Int � O (F).
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One aspect of body composition of
particular emphasis in the current study
was hepatic steatosis. At baseline, for the
entire cohort, mean L/S ratio was �1.0,
indicative of fatty liver. In the two groups,
64 and 73% of the Int�O and Int�P
groups, respectively, had L/S ratio �1.0.
There was a highly significant effect of
weight loss to increase the L/S ratio to
mean values 	1.0 in both groups. The
increment for the L/S ratio was 26%, sim-
ilar to the change in VAT, and was equiv-
alent in the two groups. In those with fatty
liver, there was an increase in L/S ratio,
whereas in those without fatty liver at
baseline, values for L/S ratio did not
change despite comparable weight loss.
The change in L/S ratio was correlated sig-
nificantly with the change in VAT (r �
�0.38; P � 0.05) but was not signifi-

cantly correlated with percentage weight
loss (r � �0.28; P � 0.1) or other weight
loss parameters of adiposity. Baseline val-
ues for skeletal muscle CT attenuation
values, a biophysical characteristic that
reflects lipid content (28), were compara-
ble at baseline in the two groups; after 6
months of intervention, these values in-
creased slightly and similarly in the two
groups.

Weight loss and IS
Baseline values for EGP (3.04 � 0.13 vs.
2.72 � 0.10 mg � min–1 � kg–1 FMM for
Int�O and Int�P, respectively; NS) and
resting energy expenditure (35.7 � 1.2
vs. 36.2 � 1.1 kcal/kg FFM) were similar
in the two groups. There was not a statis-
tically significant change in rates of EGP at
6 months compared with baseline

(�0.01 � 0.09 vs. �0.10 � 0.13 mg �
min–1 � kg–1 FMM). There was, however, a
significant decrease in resting energy ex-
penditure at 6 months, which was similar
in the two groups (�3.3 � 1.0 vs.
�2.5 � 0.7 kcal/kg FFM), and this is con-
sistent with known effects of weight loss
(29). Fasting values for systemic respira-
tory quotient were similar at baseline and
decreased significantly at 6 months in the
Int�P group (0.79 � 0.001 vs. 0.77 �
0.01; P � 0.01) but did not change in the
Int�O group (0.79 � 0.01 vs. 0.80 �
0.01; NS).

Insulin-stimulated Rd was similar at
baseline in the two groups, as shown in
Table 3 and in Fig. 2A and B. At baseline,
in response to insulin infusion, there were
only slight increases in Rd above fasting
rates, indicative of severe insulin resis-

Table 2—Body composition at baseline and after 6 months of weight loss intervention in type 2 diabetes

Int � O Int � P

Baseline 6 months Change Baseline 6 months Change

VAT (cm2) 243 � 24 176 � 21* �67 � 14 254 � 19 193 � 17* �66 � 9
SAT (cm2) 426 � 23 176 � 21 �68 � 18 450 � 31 384 � 31 �67 � 10
Superficial SAT (cm2) 187 � 20 169 � 18 �18 � 5 205 � 19 177 � 18 �28 � 6
Deep SAT (cm2) 207 � 11 172 � 11 �34 � 7 231 � 20 199 � 19 �32 � 7
Thigh SAT (cm2) 108 � 10 89 � 11 �20 � 4 129 � 14 108 � 12 �22 � 7
SFAT (cm2) 17.4 � 1.4 14.2 � 1.6 �3.1 � 0.9 21.0 � 2.3 17.4 � 1.9 �3.6 � 1.3
Muscle attenuation (CT Hounsfield units) 45.2 � 0.7 46.6 � 0.8* 1.5 � 0.5 45.4 � 0.7 46.3 � 0.8 0.9 � 0.5
Liver attenuation (CT Hounsfield units) 46.7 � 2.5 58.9 � 1.5 12.2 � 2.3 42.8 � 3.0 53.4 � 2.2* 10.6 � 2.1
L/S ratio 0.95 � 0.04 1.15 � 0.03* 0.20 � 0.05 0.84 � 0.05 1.04 � 0.05 0.20 � 0.04

Data are means � SE. *P � 0.05; baseline vs. 6 months. SFAT, subfascial adipose tissue of the thigh.

Table 3—Insulin-stimulated systemic glucose metabolism and IS at baseline and after 6 months of weight loss intervention in type 2 diabetes

Int � O Int � P

Baseline 6 months Change Baseline 6 months Change

Clamp
Rd (mg � min�1 � kg�1 FFM) 4.23 � 0.70 6.38 � 0.79* 2.15 � 0.39† 3.46 � 0.27 4.66 � 0.43* 1.20 � 0.43
RQ 0.85 � 0.01 0.87 � 0.01* 0.02 � 0.01 0.82 � 0.01 0.84 � 0.01* 0.02 � 0.01
G Ox (mg � min�1 � kg�1

FFM)
2.80 � 0.28 3.08 � 0.27* 0.27 � 0.34 2.03 � 0.24 2.43 � 0.24* 0.38 � .17

G Non Ox (mg � min�1 � kg�1

FFM)
1.43 � 0.54 3.46 � 0.63* 1.95 � 0.37 1.15 � 0.14 2.39 � 0.34* 0.90 � 0.40

Lip Ox (mg � min�1 � kg�1

FFM)
0.98 � 0.12 0.67 � 0.08* 0.31 � 0.13 1.29 � 0.16 0.97 � 0.11* �0.31 � 0.08

EGP (mg � min�1 � kg�1 FFM)
(% suppression)

1.39 � 0.20
(55 � 6)

0.61 � 0.16*
(82 � 4)

0.78 � 0.25
(27 � 8)

1.01 � 0.14
(63 � 5)

0.54 � 0.14
(82 � 5)

�0.47 � 0.11*
(18 � 5)

FFA (�mol/l)
Mid-clamp 312 � 18 171 � 11* �109 � 18† 330 � 22 249 � 20* �81 � 24
End-clamp 225 � 26 77 � 10* �119 � 23† 263 � 33 176 � 31* �96 � 34

*P � 0.05 for baseline vs. 6 months; †P � 0.05 for Int � O vs. Int � P. G Ox, glucose oxidation; G Non Ox, glucose nonoxidative metabolism; Lip Ox, lipid
oxidation; RQ, respiratory quotient.
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tance. However, IS increased significantly
after weight loss, by 63 � 12 and 44 �
15% in the Int�O and Int�P groups, re-
spectively. Improvements in Rd (�Rd)
were strongly correlated with percentage
weight loss (r � 0.62; P � 0.001). In mul-
tivariate analysis, �Rd was significantly
correlated with changes in BMI, VAT, and
weight, but percentage weight loss was
the strongest single correlate of the
change in IS.

There was a greater improvement in
IS in the Int�O group (P � 0.05). Values
for Rd were significantly correlated with
plasma FFA during fasting conditions
(r � �0.36; P � 0.001) and plasma FFA
during clamp conditions (r � �0.56; P �

0.0001). There was greater suppression of
FFA in the Int�O group than in the
Int�P group after weight loss, as shown
in Fig. 3. Mostly, this reflected a signifi-
cant treatment effect of orlistat to lower
fasting levels of FFA as well as differences
that persisted during the clamp condi-
tions. The increase in Rd was most clearly
manifested by an increase in nonoxidative
glucose metabolism. There was a signifi-
cant increase in insulin-stimulated respi-
ratory quotient and a significant decrease
in rates of lipid oxidation during post–
weight loss changes; these changes were
similar in the two groups.

There was a significant improvement
in insulin suppression of EGP, as also

shown in Fig. 2A and B. The improved
suppression of EGP by insulin was similar
in the two groups and was significantly
correlated with changes in VAT and
weight. The correlation was strongest for
weight loss (r � 0.40; P � 0.05). Im-
proved suppression of EGP was also
strongly related to the improvement in
HbA1c (r � 0.55; P � 0.001).

Dietary assessments
There were no significant differences in
nutritional patterns between groups at
baseline, with respect to estimated daily
calories (2,264 � 124 vs. 2,101 � 178
kcal/day for Int�O and Int�P, respec-
tively) and fat and carbohydrate intake;
fat accounted for 36–38% of daily calo-
ries. At 6 months, there was a significant
reduction in daily caloric consumption
(�502 � 176 and �568 � 174 cal/day
for Int�O and Int�P, respectively) and
there were significant differences between
groups in patterns of macronutrient con-
sumption. Those randomized to Int�P
reduced calorie intake but not the relative
proportions of fat (�4 � 2%) and carbo-
hydrate (1 � 2%). Among volunteers ran-
domized to Int�O, there was a more
selective reduction in fat intake (�10 �
4%) with a higher relative percentage of
carbohydrate intake (9 � 3%).

Because the mechanism of action of
orlistat is to reduce the absorption of tri-
glyceride by �30%, data on ingested
amounts do not fully reflect amounts of
fat that are actually absorbed. Therefore,
the estimated effect of Int�O was a 50%
decrease in total fat intake (98 � 8 vs.
43 � 8 g/day; P � 0.001).

CONCLUSIONS — It i s r ecom-
mended that overweight and obese indi-
viduals with type 2 diabetes achieve at
least modest weight loss to improve met-
abolic control and lessen cardiovascular
risk (8,9). In the current study, a mean
weight loss of �10% was achieved, using
individualized nutritional counseling, be-
havioral interventions, moderate inten-
sity physical activity, and randomization
to double-blinded, placebo-controlled,
conjunctive use of orlistat or placebo.
There was substantial improvement in
glycemic control; at 6 months, HbA1c was
decreased by 1.6 � 0.3 and 1.0 � 0.4% in
the orlistat and placebo groups, respec-
tively. This improvement occurred with-
out use o f o ther pharmacolog ic
approaches to control hyperglycemia and

Figure 2—A: Data from volunteers with type 2 diabetes randomized to Int � P. B: Data from
volunteers with type 2 diabetes randomized to Int � O. Baseline values for Rd (F) and EGP (f)
after an overnight fast (�30 to 0 min) and during a 4-h insulin infusion (40 mU � min–1 � m–2) are
plotted with values at 6 months for Rd (E) and EGP (�). There were significant postintervention
changes in Rd and EGP in both groups, and the changes in Rd were greater after randomization to
Int � O .
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is quite comparable to the effects of a
5–10% weight loss on HbA1c earlier re-
ported by Wing et al. (7) and equivalent
to or greater than what is typically ob-
tained with pharmacologic monotherapy
(30). However, not all volunteers were
able to reduce FPG with weight loss, and
eight participants needed to resume an-
tidiabetic medications. This has been pre-
viously noted (31) and is related to a
longer duration of diabetes and more se-
verely impaired insulin secretion. In our
study, failure of hyperglycemia to re-
spond to weight loss was associated with
higher baseline values for HbA1c and
FPG.

In the participants who were able to
complete 6 months of weight loss inter-
vention, there was substantial improve-
ment in IS, in suppression of EGP by

insulin, and in suppression of FFA. It is
interesting to note that improvement in
glycemic control was more strongly re-
lated to improved IS than to weight loss
per se or loss of specific aspects of regional
adiposity. This association is consistent
with the strong role that insulin resistance
has in the pathogenesis of type 2 diabetes.

Even though weight loss was quite
similar in the orlistat and placebo treat-
ment groups, and despite highly compa-
rable changes in regional adiposity,
including nearly identical decrements of
VAT, hepatic steatosis, and skeletal mus-
cle fat content, improvement in IS was
significantly greater with orlistat therapy.
Prior studies have not directly examined
the effects of orlistat on IS measured by a
criterion method such as euglycemic in-
sulin infusion. Improved IS is clearly a

desirable metabolic effect of weight loss,
and prior studies have found this is re-
lated to negative energy balance as well as
loss of adipose tissue (32–34). However,
because the rates and amounts of weight
loss in the orlistat and placebo arms of the
intervention were highly comparable,
these important factors do not account for
the differential effect. However, a differ-
ential treatment effect on plasma FFA
likely did contribute to differences in IS.

There was greater reduction in fasting
and insulin-suppressed plasma FFA in
those receiving orlistat. Plasma FFA levels
were a strong correlate of IS both before
and after weight loss. There are convinc-
ing data that plasma levels of FFA modu-
late severity of insulin resistance in type 2
diabetes (35–37). The effect of orlistat to
lower FFA more than placebo was signif-
icant after statistical adjustment for
weight loss. This effect of orlistat is, to our
knowledge, a novel observation. Plasma
levels of FFA were not assessed during
prior large clinical trials of orlistat treat-
ment in those with type 2 diabetes (12–
14) or in nondiabetic volunteers (15,26).
There is a recent report that a single dose
of orlistat, given before a relatively high
fat content meal in overweight patients
with type 2 diabetes, is associated with
lower postprandial levels of plasma FFA
compared with placebo (38).

Orlistat is an intestinal lipase inhibi-
tor and inhibits absorption of �30% of
ingested triglyceride, which is the mech-
anism leading to weight loss (16). In the
three prior multicenter trials of orlistat
therapy in type 2 diabetes, weight loss at 6
months was �6% among sulfonylurea-
treated volunteers (12), �4% among in-
sulin-treated volunteers (13), and �5%
among those receiving metformin therapy
(14), and in each of the above trials,
weight loss was generally 2–4% greater
with orlistat than placebo. The mean loss
of nearly 10% of baseline weight in the
current study is greater than in the trials
cited above, but the behavioral interven-
tions were more intensive, with weekly
individual sessions. Frequency of behav-
ioral visits is an important determinant of
weight loss (10).

Fatty liver or hepatic steatosis has
been reported to occur commonly in
overweight and obese patients with type 2
diabetes (39), and among the research
volunteers in the current study, we found
that 70% had fatty liver at baseline. A
mean weight loss of nearly 10% led to a

Figure 3— A: Data from volunteers randomized to Int � P. B: Data from volunteers randomized
to Int � O. Baseline for plasma FFA (F) and during a 4-h insulin infusion and are plotted with
corresponding values at 6 months (E). There were significant postintervention changes in plasma
FFA in both groups. The changes were greater with Int � O. *P � 0.05; †P � 0.01.
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20% mean improvement in the L/S ratio,
indicative of clear improvement in fatty
liver (40). A prior study by Ryysy et al. has
shown that fatty liver in type 2 diabetes
contributes importantly to the severity of
hepatic insulin resistance (41). In the cur-
rent study, we observed improved insulin
suppression of EGP after weight loss, and
this was correlated with the improve-
ments in HbA1c and FPG.

In summary, a successful behavioral
intervention of nutrition and physical ac-
tivity changes resulted in a mean weight
loss of nearly 10% among a group of over-
weight and obese research volunteers
with type 2 diabetes. This had a clear and
clinically significant effect to reduce hy-
perglycemia, dyslipidemia, and blood
pressure and was associated with a
marked improvement in hepatic and pe-
ripheral tissue insulin resistance. In those
receiving orlistat, despite weight loss
equivalent to those receiving a placebo
medication, there was a greater reduction
in fasting hyperinsulinemia and plasma
FFA and a greater improvement in IS. The
greater reduction in plasma FFA achieved
with orlistat therapy would seem to be the
major factor responsible for greater im-
provement in IS. Further investigation is
needed to understand the mechanism for
lowering of plasma FFA with orlistat ther-
apy, though this likely is related to effects
on triglyceride absorption and postpran-
dial lipemia because this medication is
not systemically absorbed. The effect of
orlistat to lower FFA and improve IS is
more than accountable for by weight loss
per se and may translate into independent
clinical benefits. This, too, was beyond
the scope of the present study, and the
current indication to use orlistat remains
to enhance weight loss in the treatment of
the comorbidities of obesity.

Acknowledgments— This research was sup-
ported by an investigator-initiated grant from
Roche Laboratories, the University of Pitts-
burgh General Clinical Research Center (MO1
RR00056), the University of Pittsburgh Obe-
sity and Nutrition Research Center (P30
DK046204), and a K-24 (DK02782).

References
1. Hu F, Manson J, Stampfer M, Colditz G,

Liu S, Solomon C, Willett W: Diet, life-
style, and the risk of type 2 diabetes mel-
litus in women. N Engl J Med 345:790–
797, 2001

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

3. Mokdad AH, Bowman BA, Ford ES, Vini-
cor F, Marks JS, Koplan JP: The continu-
ing epidemics of obesity and diabetes in
the United States. JAMA 286:1195–1200,
2001

4. Pories WJ, Swanson MS, MacDonald KG,
Long SB, Morris PG, Brown BM, Barakat
HA, deRamon RA, Israel G, Dolezal JM:
Who would have thought it? An operation
proves to be the most effective therapy for
adult-onset diabetes mellitus. Ann Surg
222:339–352, 1995

5. Sjostrom CD, Peltonen M, Wedel H, Sjos-
trom L: Differentiated long-term effects of
intentional weight loss on diabetes and
hypertension. Hypertension 36:20–25,
2000

6. Goldstein D: Beneficial health effects of
modest weight loss. Int J Obes Relat Metab
Disord 16:397–415, 1992

7. Wing RR, Koeske R, Epstein LH, Nowalk
MP, Gooding W, Becker D: Long-term ef-
fects of modest weight loss in type II dia-
betic patients. Arch Intern Med 147:1749–
1753, 1987

8. American Diabetes Association: Evi-
dence-based nutrition principles and rec-
ommendations for the treatment and
prevention of diabetes and related compli-
cations (Position Statement). Diabetes Care
25 (Suppl. 1):S50–S60, 2002

9. National Institutes of Health: Clinical
guidelines on the identification, evalua-
tion and treatment of overweight and obe-
sity in adults - the evidence report. Obesity
Res 6:51S–209S, 1998

10. Phelan S, Wadden T: Combining behav-
ioral and pharmacological treatments for
obesity. Obesity Res 10:560–574, 2002

11. Yanovski S, Yanovski J: Drug therapy:
obesity. N Engl J Med 346:591–602, 2002

12. Hollander PA, Elbein SC, Hirsch IB,
Kelley D, McGill J, Taylor T, Weiss SR,
Crockett SE, Kaplan RA, Comstock J, Lu-
cas CP, Lodewick PA, Canovatchel W,
Chung J, Hauptman J: Role of orlistat in
the treatment of obese patients with type
2 diabetes: a 1-year randomized double-
blinded study. Diabetes Care 21:1288–
1294, 1998

13. Kelley D, Bray G, Pi-Sunyer F, Klein S,
Hill J, Miles J, Hollander P: Clinical effi-
cacy of orlistat therapy in overweight and
obese patients with insulin-treated type 2
diabetes: a 1-year randomized controlled
trial. Diabetes Care 25:1033–1042, 2002

14. Miles J, Leiter L, Hollander PA, Wadden
T, Anderson J, Doyle M, Foreyt JP,
Aronne L, Klein S: Effect of orlistat in
overweight and obese patients with type 2
diabetes treated with metformin. Diabetes
Care 25:1123–1128, 2002

15. Heymsfield SB, Hauptman J, Lucas CP,
Boldrin MN, Rissanen A, Wilding JPH,

Sjostrom L: Effects of weight loss with or-
listat on glucose tolerance and progres-
sion to type 2 diabetes in obese adults.
Arch Intern Med 160:1321–1326, 2000

16. Ballinger A: Orlistat in the treatment of
obesity. Exp Opin Pharmacother 1:841–
847, 2000

17. Bray G, Greenway FL: Current and poten-
tial drugs for treatment of obesity. Endocr
Rev 20:805–875, 1999

18. Saad MF, Knowler WC, Pettitt DJ, Nelson
RG, Mott DM, Bennett PH: Sequential
changes in serum insulin concentration
during development of non-insulin-de-
pendent diabetes. Lancet 1:1356–1359,
1989

19. UK Prospective Diabetes Study: A 6-year,
randomized, controlled trial comparing
sulfonylurea, insulin, and metformin
therapy in patients with newly diagnosed
type 2 diabetes that could not be con-
trolled with diet therapy. Ann Intern Med
128:165–175, 1998

20. Kelley DE, McKolanis T, Hegazi R, Kuller
L, Kalhan S: Fatty liver in type 2 diabetes
mellitus: relation to regional adiposity,
fatty acids, and insulin resistance. Am J
Physiol (Endocrinol Metab) 285:E906–
E916, 2003

21. Frayn K: Calculation of substrate oxida-
tion rates in vivo from gaseous exchange.
J Appl Physiol 55:628–634, 1983

22. DeFronzo RA, Tobin JD, Andres R: Glu-
cose clamp technique: a method for quan-
tifying insulin secretion and resistance.
Am J Physiol 237:E214–E223, 1979

23. Kelley D, Troost F, Huwe T, Thaete F,
Goodpaster B: Subdivisions of subcutane-
ous abdominal adipose tissue and insulin
resistance. Am J Physiol 278:E941–E948,
2000

24. Longo R, Ricci C., Masutti F, Vidimari R,
Croce LS, Bercich L, Tiribelli C, Dalla
Palma L: Fatty infiltration of the liver
quantification by 1H localized magnetic
resonance spectroscopy and comparison
with computed tomography. Invest Radiol
28:297–302, 1993

25. Wolfe R: Radioactive and Stable Isotope
Tracers in Biomedicine. New York, Wiley-
Liss, 1992, p. 119–144

26. Sjostrom L, Rissanen A, Andersen T,
Boldrin M, Golay A, Koppeschaar HP,
Krempf M: Randomised placebo-con-
trolled trial of orlistat for weight loss and
prevention of weight regain in obese pa-
tients. Lancet 352:167–173, 1998

27. Lemieux S, Prud’homme D, Bouchard C,
Tremblay A, Despres J-P: Sex differences
in the relation of visceral adipose tissue
accumulation to total body fatness. Am J
Clin Nutr 58:463–467, 1993

28. Goodpaster BH, Kelley DE, Thaete FL, He
J, Ross R: Skeletal muscle attenutation de-
termined by computed tomography is as-
sociated with skeletal muscle lipid

Kelley and Associates

DIABETES CARE, VOLUME 27, NUMBER 1, JANUARY 2004 39



content. J Appl Physiol 89:104–110, 2000
29. Leibel L, Rosenbaum M, Hirsch J:

Changes in energy expenditure resulting
from altered body weight. N Engl J Med
332:621–628, 1995

30. Nathan D: Initial management of glyce-
mia in type 2 diabetes mellitus. N Engl
J Med 347:1342–1349, 2002

31. WattsN,SpanheimerR,GirolamoM,Geb-
hart S, Musey V, Siddiq Y, Phillips L: Pre-
diction of glucose response to weight loss
in patients with non-insulin-dependent
diabetes mellitus. Arch Intern Med
150:803–806, 1990

32. Kelley DE, Wing R, Buonocore C, Sturis J,
Polonsky K, Fitzsimmons M: Relative ef-
fects of calorie restriction and weight loss
in noninsulin-dependent diabetes melli-
tus. J Clin Endocrinol Metab 77:1287–
1293, 1993

33. Wing RR, Blair EH, Bononi P, Marcus
MD, Watanabe R, Bergman RN: Caloric
restriction per se is a significant factor in
improvements in glycemic control and in-
sulin sensitivity during weight loss in

obese NIDDM patients. Diabetes Care 17:
30–36, 1994

34. Christiansen MP, Linfoot PA, Neese RA,
Hellerstein MK: Effect of dietary energy
restriction on glucose production and
substrate utilization in type 2 diabetes.
Diabetes 49:1691–1699, 2000

35. Kelley D, Williams K, Price J, McKolanis
T, Goodpaster B, Thaete F: Plasma fatty
acids, adiposity and variance of skeletal
muscle insulin resistance in type 2 diabe-
tes mellitus. J Clin Endocrinol Metab 86:
5412–5419, 2001

36. Piatti PM, Monti LD, Davis SN, Conti M,
Brown MD, Pozza G, Alberti KG: Effects
of an acute decrease in non-esterified fatty
acid levels on muscle glucose utilization
and forearm indirect calorimetry in lean
NIDDM subjects. Diabetologia 1996:103–
112, 1996

37. Santomauro AT, Boden G, Silva ME, Rocha
DM, Santos RF, Ursich MJ, Strassmann PG,
Wajchenberg BL: Overnight lowering of
free fatty acids with Acipimox improves in-
sulin resistance and glucose tolerance in

obese diabetic and nondiabetic subjects. Di-
abetes 48:1836–1841, 1999

38. Tan K, Tso A, Tam S, Pang R, Lam K:
Acute effect of orlistat on post-prandial
lipaemia and free fatty acids in overweight
patients with type 2 diabetes mellitus.
Diabet Med 19:944–948, 2002

39. Kelley D, Jneidi M: Orlistat in the treat-
ment of type 2 diabetes mellitus. Exp Opin
Pharmacother 3:599–605, 2002

40. Ricci C, Gioulis E, Bosco M, Pollesello P,
Masutti F, Croce L, Paoletti S, Bernard B,
Tiribelli C, Dalla Palma L: Noninvasive in
vivo quantitative assessment of fat content
in human liver. J Hepatol 27:108–113,
1997

41. Ryysy L, Takashi G, Vehkavaara S, West-
erbacka J, Halavaara J, Yki-Jarvinen H:
Hepatic fat content and insulin action on
free fatty acids and glucose metabolism
rather than insulin absorption are associ-
ated with insulin requirements during in-
sulin therapy in type 2 diabetic patients.
Diabetes 49:749–758, 2000

Orlistat in type 2 diabetes

40 DIABETES CARE, VOLUME 27, NUMBER 1, JANUARY 2004


