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OBJECTIVEdThe aim was to evaluate the ability of liraglutide to augment weight loss and
improve insulin resistance, cardiovascular disease (CVD) risk factors, and inflammation in a
high-risk population for type 2 diabetes (T2DM) and CVD.

RESEARCH DESIGN AND METHODSdWe randomized 68 older individuals (mean
age, 58 6 8 years) with overweight/obesity and prediabetes to this double-blind study of lira-
glutide 1.8 mg versus placebo for 14 weeks. All subjects were advised to decrease calorie intake
by 500 kcal/day. Peripheral insulin resistance was quantified by measuring the steady-state
plasma glucose (SSPG) concentration during the insulin suppression test. Traditional CVD risk
factors and inflammatory markers also were assessed.

RESULTSdEleven out of 35 individuals (31%) assigned to liraglutide discontinued the study
compared with 6 out of 33 (18%) assigned to placebo (P = 0.26). Subjects who continued to use
liraglutide (n = 24) lost twice as much weight as those using placebo (n = 27; 6.8 vs. 3.3 kg; P,
0.001). Liraglutide-treated subjects also had a significant improvement in SSPG concentration
(23.2 vs. 0.2 mmol/L; P, 0.001) and significantly (P# 0.04) greater lowering of systolic blood
pressure (28.1 vs.22.6mmHg), fasting glucose (20.5 vs. 0mmol/L), and triglyceride (20.4 vs.
20.1 mmol/L) concentration. Inflammatory markers did not differ between the two groups, but
pulse increased after liraglutide treatment (6.4 vs. 20.9 bpm; P = 0.001).

CONCLUSIONSdThe addition of liraglutide to calorie restriction significantly augmented
weight loss and improved insulin resistance, systolic blood pressure, glucose, and triglyceride
concentration in this population at high risk for development of T2DM and CVD.
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Approximately one-third of adults in
the United States have prediabetes
(1,2) and are at risk for type 2 dia-

betes (T2DM) and cardiovascular disease
(CVD) (3). Weight loss has been demon-
strated to prevent T2DM (4–7) and to im-
prove CVD risk factors (5) in the
prediabetes population. In the Diabetes
Prevention Program study, a weight loss
goal of 7% was associated with a signifi-
cant reduction in T2DM incidence (4).

However, with intensive guidance, only
half of the individuals were able to attain
this weight loss goal at 24weeks, and 38%
attained this goal at 3 years. With self-
guided weight loss programs, the percent-
agewho can achieve a 7%weight reduction
may be,20% (8).

Liraglutide, a glucagon-like peptide 1
(GLP-1) analog, is approved for the treat-
ment of T2DM. In addition to improving
glucose tolerance, GLP-1 action has been

associated with weight loss in individuals
with T2DM (9). Only a few studies have
evaluated the effect of GLP-1 action in indi-
viduals without diabetes (10–12), and none
has focused on individualswith prediabetes.

The purpose of this study was to
evaluate the effect of liraglutide treatment
compared with matching placebo injec-
tions in older (mean age, 58 6 8 years)
overweight/obese individuals with pre-
diabetesdthose at highest risk for devel-
opment of T2DM and CVD. Specifically,
we assessed the ability of liraglutide treat-
ment to augment weight loss and to im-
prove insulin resistance, CVD risk factors,
and inflammatory markers.

RESEARCH DESIGN AND
METHODS

Subjects
Men and women, aged 40–70 years, with
BMI of 27–40 kg/m2 with prediabetes
were recruited from a single center from
December 2009 to December 2012. Vol-
unteers were recruited through online
and print advertisements seeking individ-
uals at risk for T2DM. Prediabetes was de-
fined as having elevated fasting glucose
(5.6–6.9 mmol/L) or elevated 2-h glucose
(7.8–11.0 mmol/L) concentration after a
75-g oral glucose challenge. Individuals
also were required to have stable weight
(,5% reported change) in the previous 3
months. Key exclusion criteria included
T2DM, use of medications that can affect
carbohydrate metabolism or promote
weight loss, gallstones, history of pancre-
atitis, medullary carcinoma, family his-
tory of medullary carcinoma or multiple
endocrine neoplasia type 2, and known
cardiac, liver, or kidney disease. Written
informed consent was obtained from all
individuals. The protocol was approved
by the Stanford Institutional Review
Board.

Procedures
We conducted a double-blind, random-
ized, placebo-controlled study of liraglutide.
Subjects were block-randomized by sex
and BMI (,31 vs. $31 kg/m2) to receive
liraglutide (n = 35) or matching placebo
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(n = 33) once per day by subcutaneous
injection. The starting dose of medication
was 0.6 mg; the dose was titrated by 0.6
mg weekly to a maximum dose of 1.8 mg.
The dose was decreased by 0.6-mg incre-
ments for intolerable side effects. Subjects
were seen by a study personnel and a re-
search dietitianweekly for thefirst 4weeks,
and then every 2 weeks. They were ad-
vised to eat a moderate-carbohydrate diet
(43 carbohydrate, 42 fat [,7 saturated
fat], and 15% protein) and to decrease
total caloric intake by 500 kcal/day. An
individualized meal plan was provided,
and daily food diaries were reviewed at
each visit. Individuals were advised to
maintain their baseline physical activity.
After 12 weeks, subjects were advised to
maintain their weight for 2 weeks before
end-of-study testing.

All study visits were conducted in the
Stanford Clinical and Translational Re-
search Unit. All blood samples were
collected after 12 h of fasting.

Oral glucose tolerance test
A standard 75-g oral glucose tolerance
test was performed at screening to con-
firm diagnosis of prediabetes and to ex-
clude individuals with normal glucose
tolerance or diabetes.

Insulin suppression test
Peripheral insulin resistance was directly
measured with the modified version (13)
of the insulin suppression test at baseline
and after 14 weeks of liraglutide or pla-
cebo. The values for insulin sensitivity
obtained with this approach are highly
correlated (r $ 0.87) with the euglyce-
mic clamp technique (13,14) and mea-
sure peripheral, as opposed to hepatic,
insulin resistance. Briefly, after an over-
night fast, an intravenous catheter was
placed in each of the subject’s arms.
One arm was used for the administration
of a 180-min infusion of octreotide (0.27
mg/m2/min), insulin (32 mU/m2/min),
and glucose (267 mg/m2/min); the other
arm was used for collecting blood sam-
ples. Blood was drawn at 10-min inter-
vals from 150 to 180 min of the infusion
to determine the steady-state plasma
glucose (SSPG) and insulin concentra-
tions. Because steady-state insulin con-
centrations are similar in all subjects, the
SSPG concentration provides a direct
measure of the ability of insulin to me-
diate disposal of an infused glucose load;
therefore, higher SSPG values indicate
greater degree of peripheral insulin
resistance.

CVD risk factors
Blood pressure and pulse were measured
using a Dinamap automatic blood pres-
sure recorder (GE Healthcare, Tampa,
FL). Before measurements, subjects were
seated quietly in a chair for 5minwith feet
on the floor and one arm supported at
heart level. Using an appropriately-sized
cuff, three blood pressure and pulse read-
ings were taken at 1-min intervals, and
the mean of these readings was used for
data analysis. Waist circumference was
measured by placing a measuring tape
around the waist at the upper point of
the iliac crest and determined during
minimal inspiration as previously de-
scribed (15). Lipoprotein concentrations
were performed by the core laboratory
at Stanford University Medical Center
by standardized methods approved by
the Centers for Disease Control and Pre-
vention.

Prevalence of the five metabolic syn-
drome components (16) also was evalu-
ated. The components include the
following: waist circumference .102 cm
in men or.88 cm in women; blood pres-
sure $130/85 mmHg; plasma triglycer-
ides $1.695 mmol/L; plasma HDL
cholesterol ,1.036 mmol/L in men and
,1.295 mmol/L in women; and fasting
plasma glucose $5.6 mmol/L.

Inflammatory markers
Inflammatory markers were measured
using ELISA (R&D Systems). They in-
cluded C-reactive protein, total adiponectin,
soluble intercellular adhesion molecule-
1, soluble vascular cell adhesion molecule-
1, soluble tumor necrosis factor receptor I,
soluble tumor necrosis factor receptor II,
and monocyte chemotactic protein-1.

Statistical methods
All statistical analyses were conducted
using SPSS (version 20 for Windows;
SPSS, Chicago, IL). Data are presented
as mean6 SD unless otherwise specified.
Only subjects who had end-of-study test-
ing were included in the analyses. Differ-
ences between liraglutide and placebo
groups were assessed using independent
t test or x2 test. Mean differences within
groups were tested using paired t tests.
Statistical significance was defined as
P , 0.05. Adjustments were not made
for multiple testing.

Targeted sample size of 30 subjects in
each group provided 90% power to
detect a 20% difference (2.2 mmol/L) in
SSPG concentration.With 24 subjects per
group, there was 82% power to detect a

20% difference. A difference of 20% was
chosen because this is the degree of
difference in SSPG concentration seen
with modest weight loss of 7% (17).

RESULTSdSixty-nine individuals qual-
ified for the study. One individual with-
drew from the study before randomization.
Eleven out of 35 individuals (31%) as-
signed to liraglutide discontinued partic-
ipation in the study compared with 6 out
of 33 (18%) assigned to placebo (P =
0.26). All six individuals using placebo
discontinued participation in the study
because of personal decision compared
with one assigned to liraglutide (P =
0.001). Eight out of 11 individuals using
liraglutide discontinued participation in
the study because of adverse events com-
pared with none assigned to placebo (P =
0.009). Adverse events included intoler-
able gastrointestinal side effects (n = 3),
injection site reaction (n = 2), pneumonia
(n = 1), gallstone (n = 1), and fall (n = 1).
Other reasons for discontinuing partici-
pation in the study for individuals as-
signed to liraglutide included protocol
deviation (n = 1) and elective back sur-
gery (n = 1). Therefore, 24 individuals
randomized to liraglutide and 27 individ-
uals assigned to placebo completed testing
at the end of the study and were included
in the analyses. Of these individuals, all
tolerated the 1.8-mg dose of study med-
ication, except two liraglutide subjects
who required a dose reduction down to
1.2 and 0.6 mg, respectively, and one
placebo subject who required a dose re-
duction down to 1.2 mg. As seen in Table
1, baseline characteristics were not dif-
ferent between the two groups. Thus,
age (mean, 58 years) and BMI (mean,
31.9 kg/m2) were identical between the
two groups.

The changes in the two experimental
groups are presented in Table 2 and show
that individuals randomized to liraglutide
lost twice as much weight as those as-
signed to placebo (6.8 vs. 3.3 kg; P ,
0.001). A majority (88%) of liraglutide-
treated subjects lost 5% of baseline weight
compared with 22% assigned to placebo
(Fig. 1). In addition, a loss of 7% of base-
line weight occurred significantly more
often in those receiving liraglutide (54
vs. 4%), and a loss of 10% of baseline
weight was seen only in the liraglutide-
treated group (17%).

Weight loss after liraglutide treatment
was associated with significant improve-
ment in insulin resistance (Fig. 2). SSPG
concentration declined by 29% in the
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liraglutide group compared with no
change in the placebo group (P , 0.001
for difference between groups). Changes
in steady-state plasma insulin concentra-
tions were not significantly different be-
tween groups (P = 0.25 for difference
between groups).

In addition to augmented weight loss
and enhanced insulin sensitivity, the re-
sults in Table 2 show that liraglutide treat-
ment was associatedwith improvement in
some CVD risk factors. Liraglutide-treated
subjects had significant decreases in sys-
tolic blood pressure, fasting glucose, and
triglyceride concentration as compared
with placebo. In addition, 75% of indi-
viduals randomized to liraglutide at-
tained normal fasting glucose (,5.6
mmol/L) compared with 19% assigned
to placebo (P , 0.001). As a result, indi-
viduals treated with liraglutide but not
placebo had a significant decrease in the
number of components of the metabolic
syndrome (21.1 vs. 20.2; P = 0.001).
There were no within-group changes in
inflammatory markers, with the except-
ion of a decrease in soluble intercellular
adhesionmolecule and an increase in adi-
ponectin associated with liraglutide treat-
ment. However, the between-group
differences in these variables were not
significant. The only potential adverse
change in Table 2 was an increase in pulse
seen with liraglutide treatment compared
with placebo.

Additional adverse events are detailed
in the Supplementary Table. The majority
of individuals (79%) treated with liraglu-
tide experienced at least one gastrointes-
tinal side effect compared with 46%
treated with placebo (P = 0.02). The
most common side effect was nausea,

with 67% treated with liraglutide experi-
encing nausea compared with 26% treated
with placebo (P = 0.005).

CONCLUSIONSdThe results of our
study demonstrated that addition of lir-
aglutide to a calorie-restricted diet can
significantly augment weight loss com-
pared with placebo in individuals at high
risk for T2DM and CVD. Other clinical
benefits in the liraglutide-treated subjects
included improvement in insulin sensi-
tivity and a reduction in CVD risk factors.
In addition, 75% of individuals treated
with liraglutide achieved normal fasting
glucose compared with 19% on placebo.

A recent meta-analysis of randomized
clinical trials has demonstrated a consis-
tent pattern of modest weight loss and
improved glycemic control and cardio-
metabolic risk factors in patients with
T2DM treated with GLP-1 receptor ago-
nists (9). However, only a few studies
have evaluated the clinical benefits of
liraglutide or other GLP-1 receptor ago-
nists in nondiabetic populations (10–12).
In addition, these previous studies dif-
fered substantially from ours in the exper-
imental population and results. At the
simplest level, none of the three previous
studies limited their populations to sub-
jects with prediabetes, and the majority
(.60%) of experimental subjects in
each of them were obese with normal glu-
cose tolerance. This difference in experi-
mental phenotype may help explain why
the improvement in cardiometabolic risk
factors was more pronounced in the cur-
rent study. For example, Astrup et al. (10)
described the impact of treatment with sev-
eral doses of liraglutide compared with pla-
cebo and orlistat in obese individuals

without diabetes. Although all doses of
liraglutide significantly increased weight
loss compared with placebo, improve-
ments in CVD risk factors were less pro-
nounced than those observed in our
study, with no significant improvement
in lipid concentrations between those
randomized to liraglutide and placebo.
Comparable findings were published by
Rosenstock et al. (11) after administra-
tion of exenatide to obese subjects with-
out diabetes. Although subjects in their
study experienced significantly greater
weight loss with exenatide, there was no
difference in blood pressure or lipid con-
centrations compared with placebo.
Similarly, Elkind-Hirsch et al. (12) dem-
onstrated that exenatide with or without
metformin was associated with greater
weight loss as compared with metformin
alone in their study of women with poly-
cystic ovarian syndrome. However, as with
the two previous studies, the improve-
ments in CVD risk factors were modest.

Finally, none of the previous studies
of nondiabetic populations has measured
peripheral insulin action quantified by a
specific technique. Two of these studies
used a surrogate estimate of insulin ac-
tion, the homeostasis model assessment
of insulin resistance (HOMA-IR) (10,12).
In contrast to our findings, there was no
change in HOMA-IR in one study (10); in
the study of women with polycystic ovar-
ian syndrome, HOMA-IR decreasedmod-
estly in all experimental groups. As noted,
the experimental populations in all three
of the previous studies in which GLP-1
receptor agonists were administered to
obese nondiabetic subjects differed signif-
icantly from ours in the absence of a focus
on the effect of this intervention in a
group at high risk for development of
T2DM and CVDdsubjects with predia-
betes.

Although it appears clear that the ad-
dition of liraglutide to a calorie-restricted
diet led to more weight loss and significant
improvement in cardiometabolic risk fac-
tors as compared with diet alone, it is not
clear how much of the beneficial effect of
liraglutide is simply a function of the
augmented weight loss. For example, the
benefits of weight loss in the prediabetes
population have been demonstrated in
large clinical trials (4–7). In these studies,
loss of 5–7% of baseline weight with diet
modification and exercise prevented the
development of T2DM in individuals
with prediabetes. In the Finnish Diabetes
Prevention Study, 43% of individuals
randomized to the intensive lifestyle

Table 1dBaseline characteristics

Placebo
(n = 27)

Liraglutide
(n = 24) P

Age, years 58 6 8 58 6 7 0.83
Female, n (%) 17 (63) 16 (67) 0.51
Non-Hispanic white, n (%) 17 (63) 18 (75) 0.38
BMI (kg/m2) 31.9 6 3.5 31.9 6 2.7 0.98
Oral glucose tolerance test
Fasting glucose, mmol/L 6.1 6 0.4 5.9 6 0.4 0.13
2-h glucose, mmol/L 7.8 6 1.7 7.9 6 1.8 0.62

Glucose tolerance 0.36
IFG, n (%) 15 (56) 9 (37)
IGT, n (%) 2 (7) 4 (17)
Combined IFG/IGT, n (%) 10 (37) 11 (46)

Data are mean 6 SD unless otherwise specified. IFG, impaired fasting glucose; IGT, impaired glucose tol-
erance.
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intervention achieved the goal weight
loss of 5% compared with 13% in the
control group. In the Diabetes Preven-
tion Study, 50% of individuals with pre-
diabetes randomized to the intensive
lifestyle program were able to lose 7%
of their baseline weight at 6 months. In
our study, a majority (88%) of the indi-
viduals randomized to liraglutide were
able to lose 5% of baseline weight com-
pared with 22% of those randomized

to placebo. Approximately half of the
liraglutide group were able to lose at
least 7% of baseline weight compared
with 4% in the placebo group. Therefore,
addition of liraglutide to a hypocaloric
diet was able to provide comparable
weight loss to that seen in intensive life-
style programs used in large clinical
trials.

Weight loss associated with liraglutide
treatment led to a 29% reduction in

peripheral insulin resistance. As discussed,
we are not aware of another study that has
measured peripheral insulin resistance
using a direct method after liraglutide
treatment in the prediabetes population.
Orskov et al. (18) evaluated the impact of
acute infusion of GLP-1 in healthy,
young, normal-weight men and found
no effect on peripheral insulin sensitivity
as measured by the hyperinsulinemic-
euglycemic clamp. The degree of improve-
ment in peripheral insulin resistance after
liraglutide treatment in the current study
was equivalent to previous studies of
weight loss of 7–10% baseline weight
(17,19). Therefore, liraglutide-associated
improvement in peripheral insulin resis-
tance may be predominantly attributable
to weight loss rather than an independent
effect of GLP-1 action.

In addition to the metabolic benefits
associated with liraglutide-assisted weight
loss, there may be direct pharmacologic
effects of liraglutide that are independent
of weight changes. For example, liraglutide
treatment can improve glucose tolerance
by enhancing glucose-stimulated insulin
secretion rate (20). In the current study,
liraglutide treatment was associated
with a 0.5-mmol/L decrease in fasting
glucose concentration. In addition, 75%
of those treated with liraglutide had nor-
mal fasting glucose at the end of the study
compared with 19% treated with pla-
cebo. Although difficult to directly com-
pare, the improvement in glycemia in the
liraglutide-treated subjects appear better
than reported with weight loss alone in
the prediabetes population (5,7,21). For
example, weight loss goal of 5% has been
associated with a decrease in fasting glu-
cose of #0.2 mmol/L (5,7), which is half
the change in glucose concentration seen
with liraglutide in the current study. Abil-
ity to normalize glucose, regardless of
mechanism, may have an independent
effect on decreasing the risk for T2DM
(22); therefore, liraglutide seems to pro-
vide additional benefits beyond weight
loss and improved insulin sensitivity in
the prediabetes population.

Another effect of liraglutide that is
independent of weight loss is the increase
in heart rate. This change also was reported
by Astrup et al. (10) in their study of
obese individuals without diabetes. The
increase in pulse has been noted in stud-
ies of patients with T2DM treated with
liraglutide (23,24) as well as another
GLP-1 receptor agonist, exenatide (25).
Although mechanisms are unclear, some
have speculated that the increase in pulse

Figure 1dProportion of individuals who lost at least 5, 7, and 10% of baseline weight. Lir-
aglutide treatment was associated with greater degree of weight loss compared with placebo.

Figure 2dInsulin resistance (SSPG) at baseline and after 14 weeks of liraglutide or placebo
treatment. Insulin resistance significantly improved following liraglutide treatment but not
placebo.
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may be a compensatory response to the
decrease in systolic blood pressure,
which also may be greater in magnitude
than expected for degree of weight loss
(24). One preclinical study also has sug-
gested that GLP-1 action may reduce cen-
tral parasympathetic outflow to cardiac
vagal neurons (26).

The major limitation of our study was
that the experimental groups were rela-
tively small. In addition, 31% of individu-
als randomized to liraglutide discontinued
participation in the study. In patients
with T2DM, the reported drop-out rates
for GLP-1 receptor agonists have been
#25% (27). However, in two out of three
studies of individuals without diabetes,
the drop-out rate was similar to that of
the current study, 30 (12) and 34% (11).
Astrup et al. (10) reported a lower drop-out
rate (#22%) in obese individuals without
diabetes randomized to liraglutide. How-
ever, they had a run-in period before ran-
domization in which 52 out of 616 (8%)
failed. Therefore, tolerance of GLP-1 re-
ceptor agonists may vary by population
characteristics.

In conclusion, this is the first study to
evaluate the effect of GLP-1 administra-
tion on weight loss, insulin action, and
cardiometabolic risk factors in individu-
als with prediabetes who are older, over-
weight/obese, and are at high risk for
development of T2DM and CVD. We
demonstrate that liraglutide can effec-
tively augment weight loss in this high-
risk population. The degree of weight loss
was comparable with that seen after in-
tensive lifestyle interventions in large
clinical trials of prediabetes. In addition,
weight loss associated with liraglutide
treatment led to significant improvement
in insulin resistance, glucose tolerance,
and some CVD risk factors. The increase
in pulse was likely a direct pharmacologic
effect of liraglutide of unclear significance.
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