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Introduction
In recent years, diabetes mellitus has emerged as a global public 

health concern. It is the most common metabolic disorder and the 
global prevalence rates have been increasing [1]. Among the United 
States (U.S.) population ages 65 years and older, 26.9 percent (10.9 
million) had diabetes in 2010, which was the seventh leading cause 
of death in the U.S. [1]. The American Diabetes Association (ADA) 
estimated that healthcare costs for the ≥ 65 year old population totaled 
$104 billion in 2012, which represents about 59% of total diabetes-
related direct healthcare costs. This population utilized a substantially 
higher proportion of healthcare services such as hospital inpatient 
days, nursing/residential facility days, and hospice care compared with 
those below age 65 years [2]. Many complications linked to diabetes 
can be more prevalent, and more costly, in this population, including 
hypertension, myocardial infarction, stroke, other heart diseases, 
kidney disease, and several others, which could potentially incur 
further costs [1].

Liraglutide is a once daily injectable glucagon-like peptide-1 (GLP-
1) analogue that was approved by the FDA in 2010. Liraglutide is
indicated as an adjunct to diet and exercise to improve glycemic control 
in adults with type 2 diabetes (T2D) [3]. The pharmacokinetic profile of 
liraglutide makes it suitable for once daily administration, which assists 
in glucose normalization in T2D patients throughout the day [3-5].
Liraglutide users are started at 0.6 mg per day for one week and then
the dose is increased to 1.2 mg and can then be increased to 1.8 mg if
glycemic control is inadequate [3].

The phase III clinical trial program for liraglutide, known as 
LEAD (Liraglutide Effect and Action in Diabetes), included different 
treatment regimens as active comparators [6-8]. These studies have 
demonstrated liraglutide’s efficacy to safely lower A1C and body weight, 
while minimizing the risk of minor and severe hypoglycemia. Although 
these studies contribute to scientific knowledge of diabetes treatments 
overall, they focused on subjects whose mean ages ranged from 53 to 
57 years, which may have limited the ability of those studies to fully 
characterize the impact of treatment in individuals aged 65 years and 
older [8-14].

Individuals 65 years and older may have additional age-related 
health complications that can affect the treatment outcomes. A review 
of studies of T2D treatments that examined efficacy and tolerability in 
individuals 65 years and older found that treatment-specific benefit-
risk trade-offs were different for individuals below 65 years than for 
those above 65 years [15]. Specifically, one study comparing the groups 
found individuals in this age to have a greater mean A1C reduction with 
a similar reporting of hypoglycemia while on a dipeptidyl peptidase-4 
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Abstract
Objective: Clinical trials have shown that liraglutide effectively lowers A1C levels and helps manage weight in 

Type 2 diabetes (T2D). Currently, no studies have solely evaluated the real-world clinical effectiveness of liraglutide in 
a T2D population of individuals 65 years and older. We examined the clinical effectiveness of liraglutide in individuals 
aged 65 years and older with T2D 6 and 12 months after starting therapy.

Methods: In this retrospective cohort study we used the General Electric Centricity electronic medical records 
database. We included individuals with T2D aged 65 years and older who initiated liraglutide at any time from 
January 1, 2010 to January 31, 2013. Individuals using either insulin or a glucagon-like peptide-1 analogue during 12 
months before initiating liraglutide were excluded. Changes in A1C, weight, the proportion of individuals achieving a 
target A1C<7% and occurrence of severe hypoglycemic events at 6 and 12 months were evaluated.

Results: We identified 517 individuals with T2D who were 65 years and older with A1C>7% at baseline (45 days 
prior to therapy initiation to 7 days after). Individuals were, on average (standard deviation, SD), 70.6 (4.7) years 
old, 52.6% were female and 71.6% were white. A1C and weight at baseline were 8.2% (1.0%) and 101.0 (19.7) kg 
[222.6 (43.3) lbs], respectively. After 6 months A1C decreased by 0.76% (1.1%), weight decreased by 2.9 (5.4) kg 
[6.4 (11.9) lbs], and 37.1% of the sample achieved the target A1C<7%. Twelve-month outcomes were similar: 0.78% 
(1.2%) reduction in A1C, 3.1 (5.7) kg [6.8 (12.5) lbs] reduction in weight, and 39.9% achieved A1C<7%. No evidence 
of severe hypoglycemia was found either at 6 or at 12 months.

Conclusion: Individuals with T2D 65 years and older experienced a significant and sustained reduction in A1C 
and weight over 6 and 12 months without any occurrence of severe hypoglycemia.
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(DPP-4) inhibitor [15]. However, a pooled analysis of patients from the 
LEAD studies that compared the efficacy of liraglutide by age group 
cohorts (<65 and ≥ 65) found liraglutide 1.2 mg and liraglutide 1.8mg 
to be equally efficacious in individuals ≥ 65 years as in individuals <65 
years [6].

While several studies have demonstrated that liraglutide can lower 
A1C levels and reduce weight in T2D, data are still very scarce on its use 
in individuals 65 years and older, particularly in clinical practice. Clinical 
guidance on the treatment of T2D is largely based on data observed 
from a younger sample, which may not adequately translate into an 
older population. Moreover, these results are mainly from clinical trials 
and need to be confirmed using real-world clinical practice outcomes. 
Patient follow-up time reported in previous studies was mostly limited 
to 6 months, which may not be sufficient to accurately demonstrate 
long term effects [10,12,13,16-20].

The aim of this study was to address these data gaps by evaluating 
the effectiveness of liraglutide at 6 and 12 months after initiating therapy 
in individuals 65 years and older with T2D. 

Methods
Data source

This was a retrospective cohort based study using the General 
Electric (GE) Centricity Electronic Medical Record (EMR) dataset 
from January 1, 2009, to January 31, 2013. The GE Centricity EMR 
database contains data on more than 15 million individuals who receive 
care from more than 10,000 general practitioners. Forty-seven US states 
are represented and the average length of follow-up for individuals in 
the dataset is approximately 3 years. This database includes detailed 
information regarding patient demographic characteristics that are 
not available in a typical medical claims database, such as patient 
height, weight, Body Mass Index (BMI), and smoking status. The GE 
Centricity EMR database also includes laboratory results not available 
in most claims databases such as cholesterol, blood glucose, A1C. This 
general practitioner (ambulatory) EMR database provides complete 
information on all prescribed drugs for patients receiving care from 
that practice. Patient information from a variety of sources is routinely 
integrated into a common database and includes number of patient 
encounters, insurance data, medication data that reflect not only 
prescription drug data, but also over-the-counter (OTC) medications 
prescribed by the physician and historical drug use. This study was 
exempt from ethics approval from an institutional review board and 
informed consent since it involved assessment of existing data, and the 
subjects could not be identified directly or through identifiers linked to 
the subjects (45 CFR 46.101(b)). 

Sample selection
Individuals were included in the study sample if they had T2D 

and had a prescription written for liraglutide between January 1, 2010, 
and January 31, 2013. The index date was defined as the date of the 
first prescription for liraglutide. T2D was defined as a patient who 
met one of the following criteria: (i) At least one diagnosis for T2D 
based on an International Classification of Diseases, Ninth Revision, 
Clinical Modification (ICD-9-CM) code for 250.x0 or 250.x2; (ii) One 
or more prescription orders for a non-insulin antidiabetic drug; or (iii) 
Two consecutive fasting blood glucose levels of ≥ 126 mg/d [21]. Our 
analysis focused on the outcome measures at two follow-up periods: 6 
and 12 months post-index date (Figure 1).

Individuals were excluded if they (i) Were not continuously 
enrolled during 12 months prior to the index date (pre-index period) 

and during 6 and 12 months follow-up; (ii) Were less than 65 years old 
at the index date; (iii) Had one or more prescription orders for any GLP-
1 during baseline; (iv) Had one or more prescription orders for insulin 
use during pre-index period; (v) Had any of the following conditions 
during the pre-index period, type 1 diabetes (ICD-9-CM codes: 250.
x1 or 250.x3), polycystic ovarian syndrome (ICD-9-CM code 256.4) 
without the presence of T2D (ICD-9-CM codes 250.x0 or 250.x2); (vi) 
Individuals already ‘in control’ who had a baseline A1C ≤ 7% [22]. 
All patients were required to have at least one valid A1C measure at 
baseline (up to 45 days prior to the index date to up to 7 days after). 
For follow-up periods (6 and 12 months) the patients were required to 
have at least one valid A1C measure at follow-up (up to 45 days before 
or after 180 and 360 days, respectively) in addition to at least one valid 
A1C measure at baseline.

Demographic and clinical characteristics

Demographic characteristics like age, sex, race, geographic 
region (Midwest, Northeast, South, and West), and health plan type 
(Commercial, Medicare, Medicaid, Self-pay/Other, and Unknown) 
were assessed at baseline. Baseline clinical characteristics included BMI 
and common diabetes-related comorbidities [23], identified using ICD-
9-CM codes (Appendix A). Clinical measures such as A1C, weight, 
blood pressure (systolic blood pressure, SBP; diastolic blood pressure, 
DBP) lipid values (total cholesterol; high density lipoprotein cholesterol, 
HDL) and occurrence of severe hypoglycemia were reported at both the 
baseline and follow-up periods (6 and 12 months). Severe hypoglycemia 
was defined according to type of service and ICD-9-CM codes and/or 
blood glucose levels; (i) For outpatient or inpatient services: ICD-9-
CM codes 251.0x, 251.1x, 251.2x, and 250.3x on different days; (ii) For 
emergency department visits: ICD-9-CM codes 251.8x without 259.8x, 
272.7, 681.xx, 682.xx, 686.9x, 707.1x–707.9x, 709.3x, 730.0x–730.2x, 
and 731.8x); (iii) A recorded glucose level of less than or equal to 40 
mg/dL [24,25].

Patients may have had multiple measurements of the clinical 
outcomes during the baseline and follow-up periods. The baseline value 
was defined as the value that was closest to the index date (“day 0”) that 
was within a window of between 45 days before to 7 days after the index 
date. The 6-month value was the measurement obtained on the day 
closest to day 180 within a ± 45-day window and the 12 month value 
was the measurement obtained on the day closest to day 360 within a 
± 45 day window. 

Clinical outcomes

We assessed the following clinical outcomes at 6 and 12 months: 
absolute changes (follow-up minus baseline values) in A1C, body 
weight, blood pressure, and lipids, relative changes (absolute change 
divided by baseline values) in body weight, and the proportion of 

Figure 1: Definition of Study Periods.
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Analyses

Means and standard deviations (SD) were reported for continuous 
measures, and percentages were reported for categorical measures. 
Statistical significance between baseline and follow-up values were 
assessed using the paired t-test for continuous measures and McNemar’s 
test for categorical measures. Differences with a p-value of less than 
0.05 were considered statistically significant. Analyses were performed 
using SAS software version 9.2 (SAS Institute, Cary, NC).

Results
Baseline characteristics

We identified and included 517 individuals with T2D who were 65 
years or older with uncontrolled blood glucose (A1C>7%) at baseline 
and who had a prescription order for liraglutide between January 1, 
2010, and January 31, 2013. Table 1 shows their baseline demographic 
and clinical characteristics. The mean age (SD) of the study sample was 
70.6 (4.7) years. About 53% were female and 72% were white. About 
44% resided in the south and 55% were covered by a Medicare health 
plan. The most common comorbid condition was nephropathy (4%) 
followed by cardiovascular disorder (2%) and neuropathy (2%). The 
mean BMI (SD) in the sample was 35.8 kg/m2 (6.5); proportionately 
more patients were in the 30.0–34.9 kg/m2 BMI category (33.7%) 
compared with other BMI categories. At baseline, the mean A1C was 
8.22% (0.97%) and the average weight was 101.0 (19.7) kg [222.2 (43.3) 
lbs]. SBP and DBP were, on average, 131.9 (15.4) mmHg and 73.9 (9.1) 
mmHg, respectively and average total cholesterol and HDL were 166.6 
(44.1) mg/dl and 43.6 (12.6) mg/dl, respectively (Table 1). No severe 
hypoglycemic events were identified during the baseline period.

Clinical outcomes

Of 517 individuals treated with liraglutide, 313 had A1C measures 
at both baseline and 6 months follow-up, whereas 218 individuals had 
A1C measures at baseline and 12 months follow-up. Tables 2 and 3 
show the clinical outcomes for liraglutide at 6 and 12 months follow-up. 
Average A1C values at 6 and 12 months of follow-up were 7.45% (1.22%) 
and 7.41% (1.22%), respectively. There were significant decreases in 
the mean A1C after 6 and 12 months of follow-up. The mean absolute 
change in A1C at 6 and 12 months of follow-up were -0.76% (1.14%) 
and -0.78% (1.16%) (both P<0.01) compared with baseline respectively. 
At 6 months 22.0%, 37.1%, and 58.5% of individuals achieved A1C 
≤ 6.5%, <7% and <7.5% targets, respectively. Similarly, at 12 months 
23.4%, 39.9% and 59.6% of individuals achieved A1C ≤6.5%, <7% and 
<7.5% targets, respectively.

Average body weight at 6 and 12 months of follow-up were 97.8 (18.6) 
kg [215.2 (40.9) lbs] and 98.2 (18.6) kg [216.0 (40.9) lbs], respectively. 
At 6 months follow-up, the absolute and relative changes (SD) in body 
weight were -2.9 (5.4) kg [6.4 (11.9) lbs] and -3.0% (1.0%) respectively. 
Twelve-month changes were similar at ‑3.1kg (5.7) [6.8 (12.5) lbs] and 
-3.0% (1.0%). Both the absolute and relative changes in body weight at 
6 and 12 months of follow-up were statistically significantly different 
from zero (P<0.01). Statistically significant reductions in total cholesterol 
values were also observed at both follow-up periods (P<0.01). The HDL 
levels, however, were similar between baseline and follow-up periods. SBP 
changed by -2.9 (17.4) mmHg (P<0.01) at 6 months and by -2.1 (17.2) 
mmHg (P=0.08) at 12 months. DBP changed by -0.8 (9.6) mmHg (P=0.17) 
and by -1.4 (9.4) mmHg (P=0.03). No severe hypoglycemic episodes were 
identified among liraglutide patients at 6 or 12 months follow-up. There 
were no notable differences between comorbid conditions at both follow-
up periods as compared to baseline (data not shown here).

liraglutide users reaching A1C targets. We used both the American 
Association of Clinical Endocrinologists (AACE) target of A1C ≤ 6.5% 
and the American Diabetes Association (ADA) target of A1C<7%. 
A relaxed target of A1C<7.5% as suggested by the ADA Consensus 
Development Conference on Diabetes and Older Adults was used as 
well [26]. Finally, we examined the occurrence of severe hypoglycemia 
at 6 and 12 months.

Characteristic Estimate
Age 70.6 (4.7)

Sex, %

Female 52.6
Male 47.4

Race/ethnicity, %
Caucasian 71.6
African American 4.1
Hispanic 0.2
Other 2.5
Unknown 21.7

Region, %
Midwest 21.1
Northeast 21.1
South 43.7
West 14.1

Plan type, %
Commercial 10.6
Medicare 54.7
Medicaid 0
Self-pay/other 0.4
Unknown 34.2

BMI, kg/m2 35.8 (6.5)
BMI categories, %

25.0–29.9 kg/m2 16.8
30.0–34.9 kg/m2 33.7
35.0–39.9 kg/m2 28.1
≥ 40.0 kg/m2 21.5

Comorbid conditions, %
Retinopathy 0.2
Nephropathy 3.7
Neuropathy 1.7
Cerebrovascular 0.4
Cardiovascular 1.7
Peripheral vascular disease 0.2
Metabolic 0

Smoking status, %
Current smoker 3.3
Former smoker 37.5
Never smoked 21.7
Other/unknown 37.5

A1C, % 8.22 (0.97)
Weight, kg 101.0 (19.7)
Lipids mg/dl

Total cholesterol 166.6 (44.1)
HDL 43.6 (12.6)

Blood pressure mmHg
SBP 131.9 (15.4)
DBP 73.9 (9.1)

Table 1: Baseline Characteristics of Study Sample (N=517).
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Discussion
This study contributes to the existing literature by providing real-

world evidence of the effectiveness of liraglutide for individuals with 
T2D who are 65 years or older. To the best of our knowledge, this is 
the first study to examine the effectiveness of liraglutide for individuals 
65 years and older based on clinical practice data. We found that 
initiating liraglutide was associated with significant reductions in A1C 
and weight at 6 months of follow-up. Similar significant associations 
were observed in A1C and weight over the longer term period of 12 
months after initiating liraglutide, signifying a sustained treatment 
effect. Furthermore, no cases of severe hypoglycemia were observed at 
6 and 12 months follow-up. Focusing on this age group is important 
for several reasons. First, most existing evidence for liraglutide comes 
from randomized, phase 3 trials that enrolled younger subjects (average 
age of 56 years), which may not generalize to older people with T2D. 
Second, a growing body of evidence shows that individuals 65 years and 
older with T2D may face more challenges than younger individuals, 
often because of comorbid conditions that may lead to polypharmacy 
and an increased risk of drug–disease and drug-drug interactions that 

may limit the range of antidiabetic agents that can be used [6,27]. Third, 
as pointed about above, is that there is no published evidence around 
the real-world effectiveness of liraglutide for individuals 65 years and 
older.

Focusing on this age group is also important because elderly 
individuals with T2D are at higher risk for severe hypoglycemia than 
younger individuals [28,29]. The clinical burden of severe hypoglycemia, 
cardiovascular events, cognitive impairment and fractures due to falls 
in the elderly is greater than in younger patients [6]. Our study found 
no evidence of severe hypoglycemia either after 6 or at 12 months 
follow-up. 

Bode et al. pooled and analyzed six randomized, placebo-
controlled, multinational trials to assess the efficacy and tolerability 
profile of liraglutide in individuals ≥ 65 years and <65 years with T2D 
at 26 weeks [6]. They found statistically significant differences in A1C 
change in both groups from baseline. The mean reduction in A1C in 
individuals ≥ 65 years at 26 weeks was 1.34% and about 61% achieved 
the ADA target of A1C <7%. We found a slightly lower reduction in 
the A1C (0.76%) and in the proportion of individuals meeting target of 

Clinical Measure Baseline 12 Months Change* P
A1C, mean (SD) (N=218) 8.19 (0.94) 7.41 (1.22) -0.78 (1.16) <0.01

A1C, % (N=218)

≤ 6.5%** 23.4

<7.0%** 39.9

<7.5% 20.6 59.6 39.0 <0.01

Weight (kg), mean (SD) (N=209) 101.3 (18.8) 98.2 (18.6) -3.1 (5.7) <0.01

-3.0% (1.0)*** <0.01

Lipids mg/dl

Total Cholesterol mean (SD) (N=115) 168.9 (41.1) 154.2 (30.8) -10.7 (35.0) <0.01
HDL, mean (SD) (N=112) 42.4 (11.1) 43.0 (10.9) 0.6 (5.8) 0.25

Blood pressure mmHg (N=208)

SBP, mean (SD) 131.2 (14.8) 129.1 (13.3) -2.1 (17.2) 0.08
DBP, mean (SD) 73.7 (8.8) 72.3 (9.2) -1.4 (9.4) 0.03

Table 3: Liraglutide clinical measures at baseline and 12 months; *Changes shown are absolute (12-month value minus baseline value) unless otherwise noted. **Patients 
were included in the study only if baseline A1C was greater than 7%. ***Relative change (=absolute change divided by baseline value). Note: Data expressed as mean 
(standard deviation) unless otherwise noted. HDL, high density lipoprotein cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure.

Clinical Measure Baseline 6 Months Change* P
A1C, mean (SD) (N=313) 8.22 (0.97) 7.45 (1.22) -0.76 (1.14) <0.01
A1C, % (N=313)

≤ 6.5%** 22
<7.0%** 37.1
<7.5% 19.8 58.5 38.7 <0.01

Weight (kg), mean (SD) (N=299) 100.7 (19.0) 97.8 (18.6) -2.9 (5.4) <0.01
-3.0%  (1.0)*** <0.01

Lipids mg/dl
Total Cholesterol, mean (SD) (N=148) 166.2 (42.3) 156.5 (39.2) -9.6 (38.4) <0.01
HDL, mean (SD) (N=145) 42.8 (11.8) 42.8 (12.6) 0.04 (6.2) 0.94

Blood pressure mmHg (N=297)
SBP, mean (SD) 132.0 (16.0) 129.2 (15.4) -2.9 (17.4) <0.01
DBP, mean (SD) 73.4 (8.9) 72.6 (9.7) -0.8 (9.6) 0.17

Table 2: Liraglutide clinical measures at baseline and 6 months, *Changes shown are absolute (6 month value minus baseline value) unless otherwise noted. **Patients 
were included in the study only if baseline A1C was greater than 7%. ***Relative change (=absolute change divided by baseline value). Note: Data expressed as mean 
(standard deviation) unless otherwise noted. HDL, high density lipoprotein cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure.
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A1C <7% (41.2%) at 6 months. This could be due to differences between 
the strictly controlled clinical trial setting and real-world impacts of 
physician practice patterns, patient adherence to therapy, and the use 
and presence of concomitant medications and comorbid conditions. 

The pooled analysis of clinical trials showed statistically significant 
differences in weight reduction between individuals with T2D in the ≥ 
65 and <65 year age groups at 26 weeks. They reported that individuals 
≥ 65 years lost on average 1.6 kg [3.5 lbs] at 26 weeks whereas we found 
that our sample lost on average 2.9 kg [6.4 lbs] (3.0% relative change; 
Bode et al. did not report relative change) at 6 month follow-up. This 
may be due to the differences in baseline characteristics of the patients 
in the trials and in our sample. The individuals in our study had a higher 
average baseline BMI (35.8 kg/m2) than those in the pooled analysis 
(30.6 kg/m2). Our study included about 50% of individuals with BMI ≥ 
35.0 kg/m2 and the findings are consistent with those trials that enrolled 
participants with a higher baseline BMI [18,30,31]. Evans et al. [32] 
conducted a retrospective chart audit of individuals with mean baseline 
BMI of 39.5 kg/m2 receiving liraglutide and reported similar weight loss 
of 2.9 kg [6.4 lbs] 6 months after starting liraglutide. 

These results are consistent with the pooled meta-analysis from the 
LEAD trials that found patients 65 years and older did not experience 
any major hypoglycemic events over 26 weeks [6]. This could be due to 
liraglutide’s glucose dependent mechanism of action; whereas certain 
other anti-diabetic treatments stimulate insulin secretion regardless of 
the blood glucose level causing severe hypoglycemia.

Furthermore, there are limited trial data available on the long term 
effects (≥ 1 year) of liraglutide in T2D patients and none of these studies 
have assessed the effects in patients 65 years and older [16,33,34]. 
Garber et al found that A1C decreased by 0.84% for liraglutide 1.2 mg 
and 1.14% for liraglutide 1.8 mg at 52 weeks [16]. Further, when these 
individuals were followed for an additional year the A1C reduction 
was 0.90% and 1.10%. Pratley et al. reported mean A1C reductions 
from baseline to week 52 of 1.29% with 1.2 mg and 1.51% with 1.8 mg 
liraglutide [34]. The decreases in A1C and the proportion of patients 
achieving the ADA A1C<7.0% target from the trial data were slightly 
higher than with our A1C reduction of 0.78% and proportion of patients 
achieving A1C<7.0% target of 39.9% at 12 months. This could be due to 
differences in the age of the study populations or trial design. The mean 
age of patients recruited in these trials was about 54 years, which is 
much younger than our study cohort (70.6 years). However, the weight 
loss finding was consistent with the one-year trial data. Garber et al 
found that the mean weight change at 52 weeks with liraglutide 1.2 mg 
was -2.6 kg [-5.7 lbs] and with liraglutide 1.8 mg was -2.9 kg [-6.4 lbs] 
[16]. Our study found an absolute change in weight of about -3.1kg 
[-6.8 lbs] (-3.0% relative change).

Hypertension is a known risk factor for cardiovascular disease, 
diabetic nephropathy and diabetic retinopathy [8]. SBP reductions have 
been shown to reduce the relative risk of death from cardiovascular 
disease and death from any cause [8]. The mean decreases in systolic 
and diastolic blood pressure found in our study were 2.9 mmHg and 
0.8 mmHg at 6 months and 2.1 mmHg and 1.4 mmHg at 12 months 
respectively. These results are consistent with the trial data [6]. A 
retrospective real-world study by Mulligan et al. [11] found a similar 
change in SBP in a cohort of patients in a hospital setting taking 
liraglutide. However, the study only looked at the short term effects 
from baseline to first clinic visit after initiating liraglutide with an 
average time of 13.5 weeks for the first clinic visit. A retrospective chart 
audit found similar decrease in blood pressure, 2.4 mmHg at 6 months 
and 2.2 mmHg at 12 months, with liraglutide treatment. However, 

the study failed to distinguish between SBP and DBP. The weight loss 
reported by Evans et al. in liraglutide individuals was also consistent 
with our study at both 6 and 12 months [32]. Furthermore, we found 
statistically significant decreases in total cholesterol levels at 6 and 12 
months. The HDL levels observed at 6 and 12 months were similar 
to those at baseline. This result is similar to the trial data in which no 
statistical significant change in HDL was observed; however there was 
a small increase in numerical value [34]. Overall, the observed changes 
in blood pressure and lipids may be due to the direct or indirect effects 
of liraglutide treatment (e.g. weight loss). 

There are a number of limitations of this study. The study measures 
of interest were not available for all individuals at all time periods. 
Identifying laboratory and clinical values at both baseline and follow-
up windows for the study endpoints resulted in sample attrition over 
the follow-up time periods. A natural limitation of applying pre-defined 
baseline and follow-up windows in retrospective database analyses, to 
assess changes in clinical outcomes, is that these values may not reflect 
and capture the complete clinical information of the identified subjects 
over the entire follow-up period. Because the GE Centricity data are 
limited to general practice ambulatory care settings, certain encounters, 
such as specialist care and hospitalizations, as well as complications 
experienced in those settings, were not captured, possibly resulting in 
an undercount of hypoglycemic events. We were also not able to capture 
minor hypoglycemic events and other most common adverse events 
have been described in the trials [20]. The information on duration 
of disease was not complete for all patients and thus not captured. 
As it is not possible to ascertain if people actually filled or refilled 
their prescriptions using this database, adherence to therapy was not 
examined and, therefore, the study used an intent-to-treat approach. 
The information on dose was often missing, which is the reason why we 
did not stratify any analyses by liraglutide dose. Medication start and 
end dates were recorded by the physician, which may not reflect actual 
medication utilization. Despite these limitations, our study adds to 
the evidence base of the effectiveness of liraglutide at 6 and 12 months 
follow-up in real-world clinical practice in individuals 65 years and 
older with T2D. Our study confirms the efficacy data from the LEAD 
trials by demonstrating significant and sustained reductions in A1C 
and weight at 6 and 12 months after initiating liraglutide. Moreover, 
our study finding of no severe hypoglycemia 6 and 12 months follow-
up after initiating liraglutide confirms the tolerability data from the 
LEAD trials. The results from this study could be used by clinicians and 
patients in the decision making for treatment options in people 65 years 
or older with T2D.
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