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CLINICAL USE OF LIRAGLUTIDE IN TYPE 2 DIABETES
AND ITS EFFECTS ON CARDIOVASCULAR RISK FACTORS

Ajay Varanasi, MD; Pavan Patel, MD; Antoine Makdissi, MD;
Sandeep Dhindsa, MD; Ajay Chaudhuri, MD, MBBS, FACE;
Paresh Dandona, MD, PhD, FACE

ABSTRACT

Objective: To assess whether liraglutide, a glucagon-
like peptide-1 receptor agonist, has cardioprotective prop-
erties in addition to its glycemic effects.

Methods: We performed a retrospective analysis of
medical records of 110 obese patients with type 2 diabe-
tes mellitus treated with liraglutide for at least 6 months
between March 2010 and April 2011 at our tertiary care
referral center. The variables analyzed were body mass
index, hemoglobin A, (AIC), systolic blood pressure
(SBP), plasma C-reactive protein (CRP) concentrations,
and serum lipids.

Results: In our overall study cohort, we noted a reduc-
tion in mean weight from 120 = 5 kg to 115 + 3 kg and a
decrease in mean A1C from 7.8% * 0.6% to 7.2% + 0.2%.
The mean triglyceride concentration decreased from 173 =
19 mg/dL to 151 = 15 mg/dL, the mean SBP was reduced
from 132 = 6 mm Hg to 125 + 4 mm Hg, and the mean CRP
concentration declined from 4.7 + 0.8 mg/L to 3.2 = 0.4
mg/L after treatment with liraglutide for a minimal dura-
tion of 6 months and a mean duration of 7.5 months (for all
the foregoing changes, P<.05).These variables decreased
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whether these patients were previously treated with orally
administered hypoglycemic agents alone or in combination
with insulin or exenatide.

Conclusion: Our findings in a clinical practice show
that liraglutide is a potent antidiabetes drug, whether given
in combination with orally administered agents or insulin
or as a substitution for exenatide. It lowers body weight,
AI1C levels, SBP, and CRP and triglyceride concentrations.
(Endocr Pract. 2012;18:140-145)

Abbreviations:

A1C = hemoglobin A, ; BMI = body mass index; CRP
= C-reactive protein; GLP-1 = glucagonlike peptide-1;
SBP = systolic blood pressure

INTRODUCTION

Liraglutide is a glucagonlike peptide-1 (GLP-1) recep-
tor agonist, which has been in use in patients with type
2 diabetes for approximately 1 year. It exerts its action
through (/) stimulation of insulin secretion in a glucose-
dependent manner, (2) suppression of glucagon, (3) reduc-
tion of appetite and food intake, and (4) deceleration of
gastric emptying. In addition, it leads to weight loss (1-6).

We described 2 novel effects of exenatide, the first
GLP-1 agonist in clinical use, in 2007: a significant reduc-
tion in plasma C-reactive protein (CRP) concentrations and
a reduction in systolic blood pressure (SBP). In addition,
it lowered plasma triglyceride concentrations (7). These
data were obtained from patients being treated with a com-
bination of insulin and exenatide, a combination not hith-
erto approved by the US Food and Drug Administration.
During a long-term follow-up study, we confirmed the con-
tinuation of these effects of exenatide (8).

In view of the fact that liraglutide is also a stimulator
of GLP-1 receptor, it is possible that this drug has SBP-
lowering properties (9). Indeed, these effects have been
confirmed for liraglutide in randomized controlled studies
in patients with type 2 diabetes (2,10).
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This retrospective study describes the glycemic effects
of liraglutide along with its SBP-, CRP-, and triglyceride-
lowering properties in patients with type 2 diabetes treated
in a tertiary referral center because there are no available
data from such patients outside the setting of randomized
clinical trials. In addition, this report presents data related
to the use of liraglutide in conjunction with insulin for the
first time.

PATIENTS AND METHODS

This is a retrospective review of medical records of
110 patients with type 2 diabetes mellitus who are being
treated with liraglutide at the Diabetes Center of Western
New York, a tertiary care referral center. Institutional
review board approval was obtained for the retrospective
analysis and the study to be performed. These patients
were prescribed liraglutide because they were obese, had
uncontrolled hyperglycemia, and continued to gain weight
despite being treated with orally administered agents either
alone or in combination with insulin. We screened the
medical records of patients who were treated with liraglu-
tide between March 2010 and April 2011. To be included
in the study, patients must have taken liraglutide for at
least 6 months. All patients met with our diabetes educa-
tors when liraglutide therapy was initiated. Patients were
also given the opportunity to meet with a dietitian as part
of their routine management of diabetes. Lifestyle changes
that moderately decrease the intake of calories (250 to 500
kcal daily) and increase energy expenditure were strongly
encouraged. Patients were advised to begin and continue a
program of weight control, including at least 150 minutes
per week of moderate to vigorous physical activity.

Patients were initially given liraglutide, 0.6 mg a day.
The dosage was increased to 1.2 mg daily after 2 weeks,
if patients tolerated the initial dose and if the response to
the initial dose was inadequate. The dosage of liraglutide
was further increased to 1.8 mg/d after 2 more weeks in
patients who tolerated the 1.2-mg daily dose. Patients were
examined every 2 to 12 weeks, with the interval based on
clinical evaluation at each visit. Hemoglobin A, (A1C)
levels were measured at baseline (before starting liraglu-
tide therapy) and during the clinic visit every 3 months.
Weight and blood pressure were measured at baseline and
at every clinic visit. Fasting lipid and CRP concentrations
were measured at baseline and subsequently at the discre-
tion of the treating physician. For measurement of CRP, a
nephelometric method utilizing latex particles coated with
CRP monoclonal antibodies was used (Quest Diagnostics).
This assay has a sensitivity of 0.2 mg/dL, an intra-assay
coefficient of variation of 4.4%, and an interassay coef-
ficient of variation of 5.7%.

At the time of initiation of liraglutide therapy, study
patients were receiving the following other diabetes treat-
ments: insulin in 65, metformin in 102, sulfonylureas in

Beneficial Effects of Liraglutide, Endocr Pract. 2012;18(No. 2) 141

54, thiazolidinediones in 38, and sitagliptin in 18. Other
therapies at baseline were antihypertensive medications
in 104 patients, statins in 92, fibrates in 34, and niacin in
22. Angiotensin-converting enzyme inhibitors were taken
by 76 patients, hydrochlorothiazide by 56, [-adrenergic
blocking agents by 47, and calcium channel blockers by
28. Changes in blood pressure and lipid levels after ini-
tiation of liraglutide therapy are reported only in patients
whose medications were not changed.

We also analyzed data on 22 of the 110 patients whose
treatment was switched from exenatide to liraglutide at the
discretion of the treating physician. The reasons for this
change were the absence of further weight loss, no further
decrease in A1C, or further weight gain while receiving
a maximal dose of exenatide. These patients had taken
exenatide for a mean duration of 14 + 2 months.

Statistical comparison for various indices was per-
formed with use of paired ¢ tests for parametric data and
the Wilcoxon signed rank test for nonparametrically dis-
tributed paired data. Spearman correlation (for data not
normally distributed) and Pearson correlation (for normal
data) tests were used, as appropriate, to establish correla-
tions. Multiple regression analyses with use of a backward
stepwise regression model between variables were per-
formed if there were 2 or more independent variables. P
values <.05 were considered significant. SPSS software
(SPSS Inc., Chicago, Illinois) was used to perform the
analysis. All data are reported as mean values * standard
error of the mean.

RESULTS

The mean duration of liraglutide use was 7.5 months
(range, 6 months to 1.1 years). Eight patients discontinued
liraglutide treatment; contributing factors were side effects,
including incessant mild nausea in 5 patients, and lack of
insurance coverage or financial reasons in 3 patients. None
of the patients treated with liraglutide had pancreatitis or
severe hypoglycemic episodes that necessitated assistance
during the study duration.

Results for the Entire Group

In the overall study group of 110 patients, there was a
reduction in mean weight from 120 = 5 kg to 118 = 3 kg
after 3 months of liraglutide therapy (P = .04) and a further
reduction of 3 kg during the next 3 months (P<.001). In
addition, mean A1C was reduced by 0.25% from 7.8% =
0.6% to 7.55% = 0.3% (P = .03) after the first 3 months of
treatment with liraglutide and showed a further reduction
by 0.35% to 7.2% during the next 3 months (P<.001). The
mean triglyceride concentration decreased from 173 = 19
mg/dL to 151 = 15 mg/dL in 6 months (P = .02). The mean
SBP decreased from 132 + 6 mm Hg to 127 = 4 mm Hg
after the first 3 months of liraglutide treatment (P = .03),
and there was a further decline by 2 mm Hg at 6 months

MPI EXHIBIT 1238 PAGE 2



142 Beneficial Effects of Liraglutide, Endocr Pract. 2012;18(No. 2)

(P<.001). A significant reduction in mean CRP concen-
tration was noted from 4.7 = 0.8 mg/L to 4.0 = 0.6 mg/L
(P =.03) at 3 months, and there was a further reduction to
3.2 + 0.4 mg/L at 6 months (P =.02). No significant change
occurred in diastolic blood pressure, total cholesterol,
low-density lipoprotein cholesterol, high-density lipopro-
tein cholesterol, and urine microalbumin/creatinine ratio
(Table 1).

The decline in mean SBP was maximal during the first
3 months after initiation of liraglutide treatment—5 + 2
mm Hg; the decrease was 2 + 0.5 mm Hg during the next
3 months. In contrast, the mean weight loss was greater
during the second 3 months of liraglutide therapy. The
decline in SBP was not related to the decrease in weight
(r =0.22; P = .24), triglycerides (r = 0.19; P = .28), A1C
(r=0.15; P=.33),0or CRP (r=0.18; P = .30). The decrease
in mean CRP concentration was unrelated to the change in
weight (r = 0.28; P = .12). On multiple regression analy-
sis, the change in CRP value was independently related to
the change in AI1C (f = 0.36; P<.001) and the change in
triglyceride concentration (3 = 0.26; P = .03). There was
a significant relationship between the reduction in CRP
concentration and baseline CRP (r = 0.67; P<.001), reduc-
tion in A1C (r =0.68; P<.001), and decrease in triglyceride
level (r =0.48; P = .03). Change in CRP was not related to
change in weight (f = 0.08; P = .26) or SBP (§ = 0.06; P
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= .34; R? of the model 0.19). The relationship between tri-
glyceride reduction and A1C reduction was significant (r =
0.42; P =.03). The reduction in triglyceride concentrations
was not related to the change in weight (r = 0.24; P = .26).

Subgroup Analysis of Patients Receiving Insulin

In our overall series of 110 patients who were treated
with liraglutide, 65 patients were already receiving insu-
lin. In this subgroup, there was a reduction in mean weight
from 122 + 4 kg to 120.5 = 3 kg after 3 months of liraglu-
tide therapy (P = .06), and a further reduction of 2.5 kg
occurred during the next 3 months (P = .04). The mean
A1C decreased by 0.3% from 7.5% = 0.4% to 7.2% =
0.3% (P = .02) after the first 3 months, and there was a
further reduction of 0.1% during the next 3 months (not
significant). The mean plasma triglyceride concentration
declined from 163 + 11 mg/dL to 146 + 9 mg/dL after 6
months of liraglutide treatment (P = .04). The mean SBP
decreased from 129 + 5 mm Hg to 125 = 4 mm Hg after the
first 3 months (P =.03), and there was an overall reduction
of 5 mm Hg by 6 months after onset of liraglutide ther-
apy (P = .03). There was a significant reduction in mean
CRP concentration from 4.3 = 0.5 mg/L to 3.3 + 0.3 mg/L.
(P<.001) after 3 months; a further reduction to 3.0 + 0.2
mg/L was noted at 6 months. These improvements were
associated with a reduction in the total dose of insulin by

Table 1
Results in 110 Patients Who Received Liraglutide for a Mean Duration of 7.5 Months?®
P value
At onset of At P At compared with
Factor liraglutide 3 mo value 6 mo 3 Mo Baseline
Weight (kg) 120 =5 118 +3 .04 115+3 <.001 <.001
Body mass index (kg/m?) 382+4 37.5+3 .04 36.5+3 <.001 <.001
Hemoglobin A, (%) 7.8 +0.6 7.55+0.3 .03 72+0.2 <.001 <.001
Triglycerides (mg/dL) 173 = 19 159 = 16 11 151 =15 .16 .02
Cholesterol (mg/dL)
Total 198 = 20 193 + 20 21 191 = 18 .34 18
High-density lipoprotein 38+2 39+2 32 395+2 .38 .34
Low-density lipoprotein 95 x4 92 3 22 93 3 31 27
Blood pressure (mm Hg)
Systolic 132+ 6 127 =4 .03 1254 11 <.001
Diastolic 79 +2 77 +2 21 76.8 = 1 32 .20
C-reactive protein (mg/L) 4.7+0.8 4.0=0.6 .03 3204 .02 <.001
Urine microalbumin/creatinine
ratio (ug/mg) 18 £3 17x2 28 1652 49 .26

2 Twenty-two patients who had a change in lipid-lowering drugs and 24 patients who had a change in antihypertensive drugs
were excluded from total, high-density lipoprotein, and low-density lipoprotein cholesterol, triglyceride, and blood

pressure analyses mentioned in this table.
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18.6% during liraglutide treatment (Table 2). The premeal
insulin dose decreased from 40 +4 U to 31 + 3 U (P<.001),
whereas the basal insulin dose decreased from 46 + 4 U to
39 =3 U (P =.03). No significant change occurred in dia-
stolic blood pressure, total cholesterol, high-density lipo-
protein cholesterol, low-density lipoprotein cholesterol,
and urinary microalbumin/creatinine ratio (Table 2).

Subgroup Analysis of Patients Who Were Switched
From Exenatide to Liraglutide Treatment

In our study cohort, 22 patients were switched from
exenatide to liraglutide therapy. These patients had gained
a mean of 1 * 0.5 kg in body weight during the 3 months
before this change to liraglutide treatment. After the onset
of liraglutide therapy, these patients lost a mean of 3 + 1 kg
in 6 months (P<.001). The mean A1C value was reduced
0.3% after 6 months of treatment with liraglutide (P =
.022). Moreover, there was a significant decrease in SBP of
4 mm Hg (P = .04). There was no further significant reduc-
tion in CRP and triglyceride concentrations (Table 3).
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DISCUSSION

Our data clearly show that liraglutide significantly
reduced the A1C levels, body weight, CRP and triglyc-
eride concentrations, and SBP in the entire population of
patients with type 2 diabetes studied. In assessment of
patients with type 2 diabetes already receiving treatment
with insulin, the initiation of liraglutide therapy led to a
significant decrease in body weight, A1C, SBP, and tri-
glyceride and CRP concentrations, as observed previously
with exenatide. Thus, the changes in this group also dem-
onstrated a reversal of features of the metabolic syndrome.
Switching from exenatide to liraglutide treatment is well
tolerated and provides additional glycemic control and car-
diometabolic benefits (11). Those patients in our study who
were converted to liraglutide from exenatide therapy also
experienced a significant reduction in body weight, A1C,
and SBP but did not have a significant further reduction in
CRP concentration. There was a trend toward a decline in
triglyceride concentrations, but this change was short of

Table 2
Results in 65 Patients Who Were Treated With Liraglutide
and Were Already Receiving Insulin®

P value
At onset of At P At compared with
Factor liraglutide 3 mo value 6 mo 3 Mo Baseline
Weight (kg) 122 £ 4 12053 .06 118 .04 <.001
Body mass index (kg/m?) 38. 74 38.1+3 .06 3723 .04 <.001
Hemoglobin A, (%) 7.5+0.4 7.2+0.3 .02 7.1+0.2 12 .02
Triglycerides (mg/dL) 163 = 11 152 +9 .09 146 =9 .14 .04
Cholesterol (mg/dL)
Total 199 = 18 196 = 16 .38 192 £ 12 32 22
High-density lipoprotein 40 =2 41 =2 31 414 =3 .52 .29
Low-density lipoprotein 82 +4 76 =3 31 74 £5 43 18
Blood pressure (mm Hg)
Systolic 129 =5 125 +4 .03 124 = 4 11 .03
Diastolic 812 80«2 24 80+3 .38 27
Insulin dose (U) 86 + 8 72 +6 <.001 70+£52 42 <.001
Basal 46 £ 4 40«3 .04 39+3 .66 .03
Bolus 40 x4 32+2 <.001 31+3 49 <.001
C-reactive protein (mg/L) 43 x0.5 33+03 <.001 30+0.2 22 <.001
Urine microalbumin/creatinine
ratio (ug/mg) 183 162 .29 155=2 44 .26

4 Fourteen patients who had a change in lipid-lowering drugs and 10 patients who had a change in antihypertensive drugs
were excluded from total, high-density lipoprotein, and low-density lipoprotein cholesterol, triglyceride, and blood

pressure analyses mentioned in this table.
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Table 3
Results in 22 Patients Who Were Switched From Exenatide to Liraglutide Therapy
Receiving At onset of P At P
Factor exenatide liraglutide value 6 mo value
Weight (kg) 1174 118 £ 4 15 1153 <.001
Body mass index (kg/m?) 38.0+3 383 x4 15 3623 <.001
Hemoglobin A, (%) 7.65 0.5 7.6 +0.5 31 7.3+04 .022
Triglycerides (mg/dL) 158 = 14 154 = 14 .26 144 = 13 .08
Cholesterol (mg/dL)
Total 202 + 18 197 = 17 28 191 = 26 13
High-density lipoprotein 41 = 1 414 =1 34 41 = 1 .38
Low-density lipoprotein 92 +6 91 £5 44 85+4 .26
Blood pressure (mm Hg)
Systolic 127 + 4 128 +4 42 124 +3 .04
Diastolic 84 +£3 83+3 .36 81 +2 .34
C-reactive protein (mg/L) 2.8 0.6 29=+0.5 46 25+04 12

statistical significance. These observations are important
because they confirm the presence of the beneficial effects
of this drug not only from the glycemic point of view but
also from the standpoint of potential prevention of cardio-
vascular disease. Although most of these effects have pre-
viously been described in randomized control trials, this
study is the first one from an actual clinic setting that con-
firms the presence of these effects. These data, however,
are the first to reveal the effects of adding liraglutide to
insulin treatment in patients with type 2 diabetes.

Although the mechanisms underlying the decrease in
glucose concentrations include the increase in postprandial
insulinogenesis and glucagon suppression, the suppression
of appetite, and the slowing of gastric emptying (12), those
related to the reduction of SBP, triglycerides, and CRP are
not clear. Weight loss is clearly related to the suppression of
appetite induced by liraglutide, consistent with the action
of GLP-1 (13). The decline in CRP is consistent with our
original observation in 2007, when we reported on a simi-
lar effect of exenatide (7). This decrease is independent of
weight loss and is probably the consequence of a compre-
hensive antiinflammatory action, as observed with exena-
tide (14-16). This area needs further investigation. The
decrease in triglyceride concentration may be mediated by
increased insulinogenesis, inasmuch as insulin suppresses
triglyceride synthesis in the liver. In addition, it is possible
that GLP-1 agonists may exert a similar independent effect
of their own (17).

The isolated decrease in SBP in the absence of a
change in diastolic blood pressure may be attributable to
an increase in arterial compliance and a decrease in arterial
stiffness (18). The fact that there was a decrease in body
mass index (BMI), A1C, SBP, triglycerides, and CRP in

patients taking insulin reflects an improvement in glycemic
and appetite control and a potential antiinflammatory effect
of liraglutide. Because the decrease in CRP was related to
the reductions in A1C and triglycerides, and the reduc-
tion of triglyceride concentration was related to A1C on
multivariate analysis, it seems that the improved glycemic
control was the key to these effects. Of interest, neither the
decrease in the CRP concentration nor the reduction of the
SBP was related to the change in BMI. Of note, the change
of treatment from exenatide to liraglutide resulted in fur-
ther significant reductions in BMI, A1C, and SBP. This dif-
ference may be due to the fact that the 2 daily injections of
exenatide do not provide therapeutic concentrations of this
drug around the clock, whereas a single injection of lira-
glutide per day does (10). Compliance with a 2-injection
daily regimen is also more difficult. In addition, patients
who switched from exenatide to liraglutide had a further
effect on weight loss, possibly because these GLP-1 recep-
tor agonists work on different parts of the hindbrain.

Reductions in risk factors or markers for cardiovas-
cular disease, such as plasminogen activator inhibitor-1
and brain natriuretic peptide, have also been observed after
treatment with liraglutide (17). This study showed a non-
significant, but dose-dependent, reduction in high-sensitiv-
ity CRP levels. Decreases in triglyceride concentrations of
20% or more have been reported with liraglutide treatment
(17).

CONCLUSION
Liraglutide exerts several beneficial effects including

an improvement in glycemic control and a reduction in
body weight, SBP, and the plasma concentrations of CRP
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and triglycerides. These actions indicate the ability of lira-
glutide to reverse the features of the metabolic syndrome
and several cardiovascular risk factors. Liraglutide and
other GLP-1 agonists offer a series of novel factors in the
treatment of type 2 diabetes which not only yield glycemic
control but also potentially reduce cardiovascular risk.
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