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Abstract
Objective: The aim was to compare the ability of liraglutide
1.2 mg daily to improve glucose control in overweight pre-
diabetic compared to overweight normoglycemic subjects.

Research design and Methods: We followed 100
overweight individuals (mean age, 44 ± 12 years) treated
with liraglutide 1.2 mg daily over a period of 18 months.
Based on their HbA1c, they were divided in two groups: pre-
diabetes group (A) and normoglycemic group (B). All
subjects were advised to decrease calorie intake by 500
kcal/day. Weight, BMI, waist circumference, blood pressure,
HbA1c, lipid profile and TSH were assessed.

Results: Six of 45 individuals (13%) in group A discontinued
the study during the 18 months period compared with 8 out
of 55(14%) in group B (P=0.46). Subjects in group A (n=39)
lost the same percentage weight as those in group B (n=47;
5.8 vs. 7.3%; P=0.26). The percentage change in BMI was
similar in both groups A and B (5.8 vs. 7.7%; P=0.19). The
percentage drop in waist circumference was less in group A
compared to group B (5.1 vs. 8.1%; P=0.04).

The drop in HbA1c was higher in group A compared to
group B (0.3 vs. 0.1%; P=0.04). The percentage of patients
that regressed to normoglycemia in group A was 15%
whereas the percentage of patients that progressed to pre-
diabetes in group B was 8%. Only two subjects progressed
to diabetes in group A and none in group B. There were no
differences between the two groups with respect to percent
changes in BP; triglycerides; total, LDL and HDL cholesterols;
and TSH.

Pre-diabetic subjects with any of the metabolic syndrome
components (group A1) lost more percentage weight
compared to those without any of the metabolic
components (group A2) (7.3 vs. 4.8%; P=0.05).

The percentage change in BMI was more in A1 compared to
A2 (7.4 vs. 5.0%; P=0.03). The percentage drop in waist
circumference was similar in A1 compared to A2 (7.0 vs.
6.2%; P=0.4). The drop in HbA1c was higher in A1 compared
to A2 (0.4 vs. 0.08%; P=0.04).

Conclusion: The addition of liraglutide 1.2 mg daily to
calorie restriction to both pre-diabetic and normoglycemic
overweight subjects resulted in a significantly more
beneficial glycemic control in the pre-diabetic group despite
a lower reduction in waist circumference and a similar
reduction in body weight. Liraglutide resulted in
normalization of glycemia in 15% of these pre-diabetic
subjects and in this group, the presence of any of the
metabolic syndrome component results in further weight
loss and a better glycemic control.
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Introduction
Approximately one-third of adults in the United States have

pre-diabetes and are in the overweight non-obese range [1,2].
They are at risk for type 2 diabetes (T2DM) and cardiovascular
disease (CVD) [3]. Weight reduction has been shown to prevent
T2DM [4-7] and to improve CVD risk factors [5] in the pre-
diabetes population. In the Diabetes Prevention Program study,
a 7% weight loss was associated with a significant reduction in
T2DM incidence [4].

In the intensive lifestyle arm, half of the individuals were able
to attain this weight reduction at 24 weeks, and only 38%
attained this level at 3 years. In the self-guided weight loss
programs, the percentage that can achieve a 7% weight
reduction may be estimated to be <20% [8].

The glucagon-like peptide 1 (GLP-1) analogue, liraglutide, is
already approved for the treatment of T2DM and for obese non-
diabetic people.

It improves glucose tolerance, and is associated with weight
loss in individuals with T2DM [9]. Few studies have evaluated
the effect of GLP-1 action in individuals without diabetes
[10-12], and no study focused on a small dose of 1.2 mg daily of
liraglutide in overweight individuals with pre-diabetes.

The purpose of this study was to compare the ability of
liraglutide 1.2 mg daily to improve glucose control and prevent
diabetes in overweight pre-diabetic subjects and to compare this
effect to overweight normoglycemic subjects.
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Research Design and Methods

Subjects
We assessed men and women from a single center, aged

19-75 years, with BMI between 25 and 35 kg/m2 with either pre-
diabetes or normoglycemia treated with liraglutide 1.2 mg daily
based on an ongoing off-label clinic weight loss protocol from
July 2013 to December 2015. Pre-diabetes was defined as having
an FBS between 100 and 126 mg/dl with an HbA1c between
5.7% and 6.4%. Normoglycemia was defined as FBS less than
100 mg/dl with an HbA1c less than 5.7%. All individuals also had
to have a stable weight (<5% reported change) in the previous 3
months and accepted to take liraglutide 1.2 mg daily to loose
weight on an off-label basis. The following subjects were not
included in the study: those that use other medications that can
affect weight loss; subjects with gallstones, history of
pancreatitis, medullary carcinoma, family history of medullary
carcinoma or multiple endocrine neoplasia type 2; and subjects
known to have cardiac, liver, or kidney disease. The period of
follow-up was 18 months from the start of the treatment. The
study was approved by the Institutional Review Board.

Procedures
A total of 100 Subjects that were part of an ongoing weight

reducing clinic protocol using off-label liraglutide 1.2 mg daily for
weight loss were divided into two groups based on their
baseline FBS and HbA1c. Group A included 45 overweight
subjects with pre-diabetes and group B included 55 overweight
subjects with normal baseline FBS and HbA1c. Subjects’
characteristics were reviewed at baseline and assessed after 18
months of treatment. The starting dose of medication was 0.6
mg; the dose was titrated by 0.6 mg after one week to a
maximum dose of 1.2 mg. The dose was decreased by 0.6-mg for
intolerable side effects, then increased back to 1.2 mg daily
when tolerated. All subjects were initially advised to eat a
moderate-carbohydrate diet (around 45% carbohydrate, around
40% fat [<7 saturated fat], and around 15% protein) and to
decrease total caloric intake by 500 kcal/day. Individuals were
advised to maintain their baseline physical activity.

Weight, BMI, waist circumference, blood pressure, pulse, FBS,
HbA1c, lipid profile and TSH were assessed at baseline and 18
months later.

Blood pressure and pulse were measured using automatic
blood pressure recorder. Before measurements, subjects were
seated quietly in a chair for 5 min with one arm supported at
heart level. Using an appropriately-sized cuff, blood pressure
and pulse readings were taken. 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 described [13]. HbA1c, FBS, TSH and
lipids concentrations were performed by the core laboratory at
AUBMC by standardized methods approved by the Centers for
Disease Control and Prevention.

In the pre-diabetic group, the prevalence of any of the four
metabolic syndrome components [14] also was evaluated. The

components include the following: waist circumference >102 cm
in men or >88 cm in women; blood pressure ≥ 130/85 mmHg;
plasma triglycerides ≥ 150 mg/dl; and plasma HDL cholesterol
<40 mg/dl in men and <50 mg/dl in women.

Statistical Methods
All statistical analyses were conducted using SPSS (version 20

for Windows; SPSS, Chicago, IL). Data are presented as mean ±
SD unless otherwise specified. Only subjects who had end-of-
study testing were included in the analyses. Differences
between pre-diabetes and normoglycemia groups were assessed
using independent t test or χ2 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 40 subjects in each group provided
90% power to detect a 20% difference (40 mg/dl) in SSPG
concentration. A difference of 20% was chosen because this is
the degree of difference in SSPG concentration seen with
modest weight loss of 7% [15].

Results
Hundred individuals qualified for the study. Six of 45

individuals (13%) in group A discontinued the treatment during
the 18 months period compared with 8 out of 55 (14%) in group
B (P=0.46). The reasons for discontinuing the treatment were
due to intolerance or gastrointestinal side effects related to the
treatment.

Therefore, 39 (M/F 5/34) individuals in group A and 47 (M/F
7/40) individuals in group B continued the treatment for a
period of 18 months. All these subjects tolerated the 1.2 mg
dose of medication for the whole period of treatment.

As seen in Table 1, baseline characteristics were not different
between the two groups. Thus, mean age of group A was older
than that of group B (48+13 vs. 45+11 years; P=0.004) and mean
BMI were identical between the two groups: (29.3+4 vs. 28.6+4
Kg/m2; P=0.13). Waist circumference was slightly higher in group
A than group B (98+13 vs. 102+13 cm; P=0.03). HbA1c was
higher in group B compared to group A (6.0+ 0.3 vs. 5.5+0.2%:
P=0.003) Both groups were similar with respect to blood
pressure, pulse, smoking history, family history of diabetes, TSH,
lipid profile except for a lower HDL-cholesterol in A compared to
group B (47+11 vs. 55+15 mg/dl; P=0.01).

Table 1 Baseline Characteristics of the study population.

Group A
(n=39)
(pre-
diabetes)

Group B
(n=47)
(Normoglyce
mia)

**P Value

Age (Years) 48 ± 13 45 ± 1 0.004

Gender (M/F) May-34 Jul-40 NS

Weight (Kg) 85 ± 19 83 ± 17 0.4

BMI (kg/m2) 29.3 ± 4 28.6 ± 4 0.13
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Waist circumference (cm) 98 ± 13 102 0.03

Systolic Blood pressure
SBP (mmHg)

127 ± 12 123 0.3

Diastolic Blood Pressure
DBP (mmHg)

82 ± 8 82 ± 7 0.7

Smoking (%) 56 61 0.48

FBS (mg/dl) 116 ± 6 90 ± 5 0.004

HbA1c ( %) 6.0 ± 0.3 5.5 ± 0.2 0.003

Total Cholesterol (mg/dl) 206 ± 40 201 0.54

LDL Cholesterol (mg/dl) 130 ± 34 121 0.22

HDL Cholesterol (mg/dl) 47 ± 1 55 ± 15 0.01

TSH (microU/ml) 1.9 ± 1.1 1.8 ± 1 0.7

* aDaD is presented as mean ± SD or N/% as appropriate.

**p-value for difference between group A and group B by Mann-Whitney test for
continuous variables (age, SBP, DBP, lipid profile, weight/BMI/WC, TSH, FBS),
and by chi-square or Fisher’s exact test for categorical variables (gender,
smoking).

The changes in the two groups over the period of 18 months
of treatment are presented in Table 2 and it shows that subjects
in group A lost the same percentage weight as those in group B
(5.8 vs. 7.3%; P=0.26). The percentage change in BMI was similar
(5.8 vs. 7.7%; P=0.19). The percentage drop in waist
circumference was less in group A compared to group B (5.1 vs.
8.1%; P=0.04). The drop in HbA1c was higher in group A
compared to group B (0.3 vs. 0.1%; P=0.04).

The percentage of patients that regressed to normoglycemia
in group A was 15% whereas the percentage of patients that
progressed to pre-diabetes in group B was 8%. Only two subjects
progressed to diabetes in group A and none in group B (Figure
1).

Figure 1 Percentage of patients in prediabetics (groupA) and
normoglycemics (groupB) that regressed to normoglycemia or
progressed to prediabetes or T2D*.

The percentage of patients in group A who had any of the
metabolic syndrome components was 45%. Two subgroups of A
were compared: A1 (n=18) included patients with any of the

metabolic syndrome components and A2 (n=21) without any
such components.

Table 3 shows the comparison between subgroup A1 and A2.
Subjects in A1 lost more percentage weight than those in A2 (7.1
vs. 4.8%; P=0.05). The percentage change in BMI was more in A1
compared to A2 (7.2 vs. 5.0%; P=0.03). The percentage drop in
waist circumference was similar in A1 compared to A2 (5.2 vs.
5.0%; P=0.4). The drop in HbA1c was higher in A1 compared to
A2 (0.4 vs. 0.08%; P=0.04).

Table 2 Percent drop in parameters between prediabetics (group
A) and normoglycemics (group B) over the treatment period.

Group A
(n= 39)

Group B
(n=47)

*P value

% weight drop 5.8 7.3 0.26

% Body Mass Index (BMI) drop 5.8 7.7 0.19

% waist circumference drop 5.1 8.1 0.04

% HbA1c drop 0.3 0.1 0.04

*p-value for difference in parameters between prediabetics (group A) and
normoglycemics (group B) by independent t-test.

Table 3 Percent drop in parameters over the treatment period
between prediabetics with at least 1 risk factor for metabolic
syndrome (group A1) and prediabetics without risk factors
(group A2).

Group A1**
(n= 18)

Group A2**
(n=22)

*P value

% weight drop 7.1 4.8 0.05

% BMI drop 7.2 5 0.03

% waist circumference 5.2 5 0.4

% HbA1c drop 0.4 0.08 0.04

*p-value for difference in parameters between both groups by independent t-
test. **Group A1: Prediabetes with ≥ 1 risk factor for metabolic syndrome
**Group A2: Prediabetes without risk factors for metabolic syndrome.

Discussion
The results of our study demonstrated that addition of 1.2 mg

liraglutide daily to a calorie-restricted diet significantly causes
more weight loss in pre-diabetic overweight subjects compared
to normoglycemic overweight controls. This beneficial glycemic
control in the pre-diabetic group occurred despite a lower
reduction in waist circumference and a similar reduction in body
weight. Moreover, in the pre-diabetic group, the presence of any
of the metabolic syndrome components, resulted in further
weight loss and a better glycemic control.

In addition to the better glucose control, the percentage of
patients that regressed to normoglycemia in the pre-diabetic
group was 15% over a period of 18 months. Only two subjects
progressed to diabetes in this group and no subject with
normoglycemia progressed to diabetes. This is the first study to
show prevention of diabetes in overweight subjects with pre-
diabetes compared to those with normoglycemia, using 1.2 mg
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daily liraglutide or any other low dose of a GLP-1 receptor
analog.

This study also showed that the percentage of patients that
progressed to pre-diabetes from normoglycemia was only 8%
over a period of 18 months treatment with 1.2 mg liraglutide
daily. This is a novel finding suggesting that 1.2 mg liraglutide
daily would be beneficial to reduce progression to diabetes both
in pre-diabetic and normoglycemic overweight subjects.

The expected clinical benefits of 1.2 mg liraglutide daily in
overweight diabetes include improvement in insulin sensitivity, a
reduction in CVD risk factors and reduction of weight related
health conditions.

A meta-analysis of several clinical trials has demonstrated a
consistent pattern of modest weight loss and improved glucose
control and cardio-metabolic risk factors in patients with T2DM
treated with GLP-1 receptor agonists [9]. On the other hand,
only a few studies have evaluated the clinical benefits of low
dose liraglutide or other GLP-1 receptor agonists in non-diabetic
subjects [10-12]. These studies are substantially different from
our study in the design and experimental population. None of
these three studies limited their study subjects to pre-diabetes,
and the majority of their subjects were obese with normal
glucose tolerance. This difference probably explains the
improvement in glycemia and metabolic profile in our study.
Astrup et al. [10] studied the effect of treatment with different
doses of liraglutide compared with placebo and orlistat in obese
individuals without diabetes. All doses of liraglutide significantly
increased weight loss compared with placebo and mildly
improved CVD risk factors with no improvement in lipid
concentrations between those randomized to liraglutide and
placebo. However, there were no pre-diabetic subjects included
which makes our study more specific for prediabetics treated
with a moderate dose of liraglutide, namely 1.2 mg daily.
Rosenstock et al. [11] published a study whereby exenatide
administered to obese subjects without diabetes. Study subjects
experienced significantly greater weight loss with exenatide,
there was no significant reduction in blood pressure or lipid
concentrations. However they did not look specifically at the
glucose or metabolic changes in any pre-diabetic subgroup of
subjects. Again, a study by Elkind-Hirsch et al. [12] showed that
exenatide was associated with greater weight loss as compared
with metformin in women with polycystic ovarian syndrome
who may harbor a pre-diabetic state. However, they did not
identify a group of patients with pre-diabetes to compare it to a
normoglycemic group. This study is the closest to our study in
terms of showing a beneficial effect of a GLP-1 receptor agonist
in a group of overweight patients with pre-diabetes or a high risk
of diabetes.

As mentioned earlier, the experimental subjects in all three of
these studies in which GLP-1 receptor agonists were
administered to obese non-diabetic subjects differed
significantly from our study in the lack of focus on the effect of
this intervention in prevention of diabetes or regression from
pre-diabetes to normoglycemia.

From this study, it is clear that the addition of a moderate
dose (1.2 mg daily) of liraglutide to a calorie-restricted diet did

not lead to more weight loss in pre-diabetes compared to
normoglycemia, but it lead to a better glucose control and
progression rate to diabetes.

It seems that the beneficial effect of 1.2 mg liraglutide is
simply a function of better glucose control than the augmented
weight loss. However, in pre-diabetics with additional risk factors
for the metabolic syndrome, the effect of 1.2 mg liraglutide on
weight loss was more pronounced than in those without any risk
factor of the metabolic syndrome. This subgroup with pre-
diabetes is considered to be at a higher risk of developing both
diabetes and cardiovascular complications which makes the
effect of 1.2 mg liraglutide daily in these people more important
and beneficial.

The benefits of weight loss in pre-diabetics have been
demonstrated in few large clinical trials [4-7]. They showed that
a loss of 5%-7% of weight with diet modification and exercise
prevented the development of type-2 diabetes in individuals
with pre-diabetes. The Finnish Diabetes Prevention Study
demonstrated that 43% of individuals in the intensive lifestyle
intervention arm achieved a weight loss of 5% compared with
13% in the control arm. The Diabetes Prevention Study showed
that 50% of individuals with pre-diabetes randomized to the
intensive lifestyle modification were lost 7% of their weight after
6 months. In our current study, the majority the subjects on
liraglutide whether pre-diabetics or normoglycemics were able
to lose at least 5% of their weight. Therefore, both in diabetic
subjects and normoblycemic subjects with overweight, the
addition of 1.2 mg daily liraglutide to a hypocaloric diet was able
to provide comparable weight loss to that seen in intensive
lifestyle programs used in large clinical trials. This beneficial
effect was even more pronounced in the group of overweight
pre-diabetics with at least one risk factor of the metabolic
syndrome.

Weight loss associated with 1.2 mg liraglutide treatment may
lead to an improvement in the peripheral insulin resistance in
this group of pre-diabetics with the metabolic syndrome. One
study [16] evaluated the short-term effect of GLP-1 infusion in
healthy, normal-weight people and found no effect on
peripheral insulin sensitivity as measured by the
hyperinsulinemic-euglycemic clamp. The degree of improvement
in peripheral insulin resistance with liraglutide treatment was
looked at and found to be equivalent to studies of weight loss of
7%-10% [15,17]. Therefore, an additional effect of liraglutide-
associated glucose control may be due to improvement in
peripheral insulin resistance attributable to weight loss rather
than an independent effect of GLP-1 action.

In addition to the earlier mentioned metabolic benefits of
liraglutide-assisted weight loss, there may be direct beneficial
pharmacologic effects of liraglutide independent of weight loss.
A study demonstrated that liraglutide treatment can improve
glucose tolerance by enhancing glucose-stimulated insulin
secretion rate [18]. In this study, 1.2 mg liraglutide treatment
was associated with a decrease in fasting glucose concentration
and HbA1c in both groups, but more in the pre-diabetic than the
normoglycemic group. In addition, 15% of pre-diabetics treated
with liraglutide had normal fasting glucose and HbA1c at the end
of the study compared to less than 5% progressed to type-2
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diabetes. Although it is difficult to conclude, we may speculate
that the improvement in glycemia in the liraglutide-treated pre-
diabetic subjects seems to be definitely better than that
reported with weight loss in other studies [5,7,19]. The ability to
normalize glucose, independent of the mode of action, may
have a direct effect on decreasing the risk for type-2 diabetes
[20]. Hence, 1.2 mg liraglutide may provide additional benefits
beyond weight loss and improved insulin sensitivity in the
overweight pre-diabetes population.

The major limitation of our study was that the study groups
were somewhat small. In addition, the majority of our subjects
were females but statistically equal in both groups. Regarding
the drop out rate, it was less than 15% which is better than
many studies with liraglutide. In patients with T2DM, the
reported dropout rates for GLP-1 receptor agonists have been ≤
25% [21]. Astrup et al. [10] reported a lower dropout rate (≤
22%) in obese individuals without diabetes treated with
liraglutide. The tolerance of GLP-1 receptor agonists may vary
from one population and another and the moderate dose of
liraglutide that we used in our study may also explain the
relatively lower rate of dropouts.

Conclusion
This is the first study to evaluate the effect of a low dose

GLP-1 receptor agonist administration on glucose control and
weight loss in pre-diabetic overweight subjects compared to
normoglycemic overweight controls. We demonstrated that the
addition of liraglutide 1.2 mg daily to calorie restriction to both
pre-diabetic and normoglycemic overweight subjects resulted in
a significantly more beneficial glycemic control in the
prediabetic group despite a lower reduction in waist
circumference and a similar reduction in body weight suggesting
a beneficial effect of liraglutide independent of weight loss.
Liraglutide resulted in normalization of glycemia in 15% of these
pre-diabetic subjects. Moreover, in that same group, the
presence of any of the metabolic syndrome components,
resulted in further weight loss and a better glycemic control.
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