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ABSTRACT

Introduction: In both randomized controlled
trials and real-world studies, liraglutide has
demonstrated glycemic and body weight bene-
fits in patients with type 2 diabetes. However,
persistence with diabetes medication can be
challenging. This study compared glycated he-
moglobin (HbA;.) and other outcomes in
patients with type 2 diabetes who continued
treatment with liraglutide for over 12 months
with those who discontinued treatment earlier,
in a real-life setting.
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Methods: This is a retrospective study of adult
patients with type 2 diabetes from Maccabi
Healthcare Services in Israel, who initiated
treatment with liraglutide from 2010 to 2015.
Mean HbA;. and body weight change from
initiation to after 24 months was compared
between patients who received liraglutide for
at least 12 months (“continuers”) and those
who discontinued within the first year (“dis-
continuers”). Adjustment for HbA,. body
weight, and other potentially confounding
factors was performed using 1:1 propensity
score matching.

Results: The 3580 patients comprised 2695
continuers and 885 discontinuers; 882 patients
per group were matched. A significant
(p <0.001) reduction in HbA;. (- 0.80% wvs
- 0.32%) was seen in continuers compared with
discontinuers, despite higher insulin usage
(70.2% vs 59.0%; p < 0.001), and a higher pro-
portion of patients using > 3 oral glucose-low-
ering drugs (20.6% vs 6.2%; p <0.001) at
24 months among discontinuers. Mean body
weight reduction was greater in continuers than
discontinuers (3.57 vs 1.25 kg; p < 0.001).
Conclusion: In a real-world setting, persistent
use of liraglutide was associated with good gly-
cemic and body weight control.
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(GLP-1RAs) have been shown to improve gly-
cemic control by stimulating glucose-depen-
dent insulin secretion and reducing glucagon
secretion, to reduce food intake by slowing
gastrointestinal motility and increasing satiety
[1-5], and to reduce cardiovascular (CV) mor-
tality/morbidity in patients with previous CV
disease [6]. The safety and efficacy of liraglu-
tide have been established in several random-
ized controlled trials, both as monotherapy
and in combination with other oral glucose-
lowering drugs (oGLDs) [7-14], and are sup-
ported by subsequent real-world studies
[15, 16]. This robust clinical efficacy and
safety profile was confirmed by a recent system-
atic literature review that included over 7400
patients treated with liraglutide in randomized
and observational studies [16]. Liraglutide sig-
nificantly reduced glycated hemoglobin
(HbA;c) by 6 months from treatment initiation
(baseline 7.2-9.8%; mean change: — 0.6% to
-2.3%) and reduced body weight (baseline
63.8-120 kg; mean change: — 1.3 to — 8.65 kg
from baseline), with a higher baseline body
mass index (BMI) associated with greater
absolute weight loss [16]. Such improvements
have been shown to occur alongside good
adherence to and persistence with liraglutide
for the study duration in the clinical trial set-
ting [7-14]. Several studies have specifically
addressed adherence to and persistence with
liraglutide in patients newly initiating GLP-
1RAs. These indicate that 29.0-60.0% of
patients stay on liraglutide therapy for more
than 1 year of treatment [17, 18]. In a review of
published literature from a real-world setting,
around half of those patients who initiated
liraglutide were found to stop treatment during
the first 2 years [16].

This study aimed to compare glycemic con-
trol at 24 months as well as other clinically
important outcomes between patients with type
2 diabetes who continued treatment with
liraglutide for > 12 months and those who dis-
continued treatment earlier, in a real-life
setting.

This retrospective analysis of computerized
clinical databases was carried out at Maccabi
Healthcare Services (MHS). MHS covers
~ 25.0% of the population of Israel country-
wide and includes ~ 2.1 million members,
160,000 (7.6%) of whom have documented
diabetes, suggesting that it is representative of
the population. The central computerized
database stores data on members’ medical
information, including medication [19]; specific
inclusion criteria for the MHS diabetes registry
are detailed elsewhere [20]. All procedures per-
formed in studies involving human participants
were in accordance with the local institutional
review board of Bayit Balev Rehabilitation
Hospital, Israel, and with the 1964 Helsinki
Declaration and its later amendments or com-
parable ethical standards. Individual patient-
informed consent was not required because of
the anonymized nature of the patient records.

All patient data from those who initiated
liraglutide treatment between January 1, 2010,
and February 28, 2015, were extracted for the
study (n=15932). Further inclusion criteria
required that patients should be Maccabi
members for at least 12 months prior to treat-
ment initiation (index date) and until
24 months after treatment initiation, and
should be > 18 years old at index date. Patients
were required to have HbA,. measurements at
baseline (defined as 180 days prior to the index
date) and after 24 months from the index date
within specified time windows. Patients who
were defined in the diabetes registry as having
type 1 diabetes, or were taking another GLP-1RA
in the 6 months preceding the index date and
until 24 months afterwards (including dispens-
ing liraglutide after the discontinuation date),
or who underwent bariatric surgery (12 months
before/24 months after the index date) were
excluded from the study.

Two groups of patients were defined within
the cohort: “continuers,” who adhered to
liraglutide treatment for > 12 months, as mea-
sured by continuous liraglutide dispensed; and
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“discontinuers,” who stopped liraglutide before
completing 12 months of treatment, as mea-
sured by a gap of > 120 days between dispenses
(after the refill date). Furthermore, the follow-
ing subgroups were defined: patients above/be-
low median HbA;. at baseline; insulin use at
baseline; insulin treatment at 21-24 months
after the index date; and liraglutide therapy at
24 months. Continuers were compared with
discontinuers overall and within the subgroups.

Variable Definitions

For all laboratory measurements, baseline val-
ues were measured < 180 days before the index
date (most recent measurement used); early
response values (HbA;.) were measured
90-270 days after baseline (the measurement
closest to 180 days was used); and 24-month
values were measured after 24 months (- 90/
+ 180) days. The difference in change in body
weight and BMI from baseline to 24 months
between continuers and discontinuers was cal-
culated. Low-density lipoprotein (LDL) choles-
terol and triglyceride levels were measured at
baseline and after 24 months. Values
of > 300 mg/dL were recorded as 300 mg/dL for
the analyses.

Oral and injectable diabetes medications
used at baseline included those medications
dispensed in the 180 days before baseline, and
diabetes medication usage at 24 months inclu-
ded those medications dispensed 21-24 months
after baseline. These included insulin (ATC
codes: A10AB, A10AC, A10AD, A10AE), met-
formin (ATC codes: A10BA, A10BDO7,
A10BDO08, A10BD10, A10BD11, A10BD15,
A10BD16, A10BD20), sulfonylurea (ATC code:
A10BB), meglitinides (ATC code: A10BX02),
dipeptidyl peptidase-4 inhibitors (DPP-4i) (ATC
codes: A10BH, A10BD07, A10BD08, A10BD10,
A10BD11), sodium-glucose cotransporter-2
inhibitors (ATC codes: A10BX09, A10BX11,

A10BX12, A10BD15, A10BD16, A10BD20,
A10BKO1, A10BKO3), acarbose (ATC code:
A10BFO1), thiazolidinediones (ATC code:
A10BGO3), and GLP-1RAs (ATC codes:
A10BX04, A10BX07, A10BX10, A10BX14,
A10BJO1, A10BJO2, A10BJ0O3, A10BJOS).

Medication use was defined as: insulin dis-
pensed at 21-24 months (Y/N); using >3
oGLDs at 24 months (Y/N); numbers of oGLDs
used at 21-24 months.

Hospitalizations 12-24 months after the
index date were identified. Hospitalizations
related to diabetes were defined according to
the International Statistical Classification of
Diseases and Related Health Problems (ICD-9)
codes (diabetes mellitus with and without
complications: 250.X; other specified hypo-
glycemia: 251.1; hypoglycemia, unspecified:
251.2; secondary diabetes mellitus with other
specified  manifestations: 249.8; diabetic
retinopathy: 362.0; diabetic cataract: 366.41;
polyneuropathy in diabetes: 357.2, and other
abnormal glucose: 790.29). Other hospitaliza-
tions were defined as being unrelated to dia-
betes. Based on this, two hospitalization
variables were defined: the number of overall
hospitalizations in the 12-24 months after the
index date; and the number of diabetes-related
hospitalizations in the 12-24 months after the
index date.

Duration of diabetes was defined as number
of years in the MHS diabetes registry [21], which
was based on diagnoses, medication dispensed,
and laboratory measurements. Comorbidities
reported within 12 months prior to the index
date were defined according to the relevant
disease registries (CV disease [22], cerebrovas-
cular disease, chronic kidney disease [CKD],
and hypertension [23]), or according to ICD-9
codes (dyslipidemia: 272.X; liver disease:
570.X-573.X; pancreatitis: 577.X; gallbladder
disease: 575.X-576.X).

Statistical methods

The two groups were matched 1:1 using a
propensity score based on baseline characteris-
tics, including age, sex, baseline HbA,, diabetes
duration, BMI, and insulin use. Subgroups were
rematched for subgroup analyses.

Descriptive statistics were reported for all
baseline characteristics and clinical outcomes
separately for continuers and discontinuers
before and after propensity score matching. For
continuous variables, mean + standard
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deviation (SD) were reported. For categorical
variables, n (%) were reported. The magnitude
of the effect size for the change from baseline to
follow-up measurement in key measures
between continuers and discontinuers was cal-
culated as follows [24]:

Effect size =

Mean (continuers) — mean (discontinuers)
SD pooled ’

where the effect size was categorized as follows:
0.01 = very small, 0.2 = small, 0.5 = medium, 0.8
= large, 1.2 = very large, and 2 = huge.

For each variable, statistical comparisons
between continuers and discontinuers were
performed using Fisher’s exact test or the y* test
for categorical variables, and the t test or the
Wilcoxon rank-sum test for continuous vari-
ables. Analyses were carried out using two-tailed
tests, and p values of less than 0.05 were con-
sidered statistically significant.

Propensity Scores

Propensity scores were developed using a
multivariate logistic regression model where
the dependent binary variable indicated
whether the patient was a new user of liraglu-
tide who adhered to liraglutide treatment for
> 12months (= 1) or discontinued liraglu-
tide before completing 12 months of treatment
(= 0). Propensity scores estimated the proba-
bility of adherence to liraglutide treatment for
> 12 months or discontinuing liraglutide before
completing 12 months of treatment, given the
covariates in the model. Independent covariates
at the index date were: age, sex, diabetes dura-
tion (< 2, 2-10, or > 10 years), HbA,. level, BMI
(< 25, 25-30, 30-32.5, 32.5-35, 35-40, > 40 kg/
m?, or missing), and use of insulin.

Patients were matched 1:1 using the “greedy
matching” technique, which randomly selects a
treated patient and matches them to the nearest
untreated subject—in this case, continuers and
discontinuers [25]. Caliper matching was
defined as a caliper equal to 0.05 of the logit of
the propensity score.

All statistical analyzes were performed using
SAS 9.2 (or later versions) statistical software
(SAS Institute Inc., Cary, NC, USA).

RESULTS

Patient Demographics and Baseline
Characteristics

Of the 5932 patients initiating liraglutide, 3580
fulfilled the inclusion criteria; of these, 2695
were classed as continuers and 885 as discon-
tinuers (Fig. 1; Table 1). Of note, 76 (2.7%)
continuers were excluded due to bariatric sur-
gery compared with 85 (8.8%) discontinuers
before matching.

Altogether, 882 patients in each group were
matched 1:1 (Table 1). Mean £SD propensity
scores before matching were as follows: con-
tinuers 0.76 4+ 0.05 (n = 2695) vs discontinuers
0.74 £ 0.06 (n=885); after matching, the
scores were: continuers 0.74 + 0.06 (n = 882) vs
discontinuers 0.74 + 0.06 (n = 882). Apart from
three cases, a matched case with a caliper of
< 0.05 was found for each discontinuer.

Before matching, there were between-group
differences in BMI and in the percentage of
patients with existing comorbidities, such as
CKD and pancreatitis. The percentages of
patients taking insulin, metformin, sulfony-
lurea, DPP-4i, and acarbose, as well as the
overall number of oGLDs also differed. After
matching, there were between-group differ-
ences in the percentage of patients with CKD
and in those taking metformin (Table 1).

Matched patients were ~ 60 years old, 44.0%
were women, and the baseline HbA;. was 9.0%
in both groups (Table 1). Among the continuers,
79.5% continued treatment for > 24 months,
whereas half (50.8%) of discontinuers stopped
treatment after < 3 months, with only 11.2%
completing 9 to < 12 months. Among the 882
continuers, 6.5% were treated for
12-15 months, 5.2% for 15-18 months, 3.5% for
18-21 months, 5.3% for 21-24 months, and
79.5% for > 24 months. Among the 882 dis-
continuers, 50.8%, 21.2%, 16.8%, and 11.2%
were treated for < 3, 3-6, 6-9, and 9 to
< 12 months, respectively. Among all 3580
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Initiated liraglutide from January 1, 2010, until February 28, 2015

Continuers Discontinuers
N = 3849 N =2083
_ Excluded: MHS members for _
,:10_1 3272,’%/ le—{ < 12 months prior to index date ~ —»! ,:’2_713??/
(+101,2.6%) or < 24 months after (127, 6.1%)
N = 3740 | Excluded: Not in diabetes N N = 1947
(-8, 0.2%) registry or defined as TIDM (-9, 0.5%)
_ Excluded: Don't have HbA, _
N=3414 1 | easurement during baseline || N=1734
(-8, 0.2%) (-213, 11.0%)

or 24 months later

Excluded: Had other GLP-1

index date

41;\’9; 21?12:0/ l¢+— analog dispense in the 6 months [—> I;I2=7175;§/
(+493, 14.4%) preceding the index date (+127,7.3%)
Excluded: Had other GLP-1
N=2771 analog dispense during N N =970
(=150, 5.1%) [ follow-up period (prior to HbA, (-602, 38.3%)
measurementat follow-up)
_ Excluded: Underwent bariatric _
(,i’5_ 572(?,/6) le— surgery within 1 year prior —| (511_093’?)
en to index date e
_ Excluded: Underwent bariatric _
N=2695 | | surgery within 2 years from || N=885
(=71, 2.6%) (-84, 8.7%)

Fig. 1 Patient flow diagram

patients who met the inclusion criteria, 2191
(61.2%) persisted with the liraglutide treatment
for more than 2 years.

Association Between Liraglutide Persistence
and HDA ;. Level

The change in HbA;. from baseline to
24 months between matched study groups was
significantly greater in continuers than in dis-
continuers (p < 0.001). Mean reductions in
HbA,. levels from baseline to 24 months in
continuers was —0.8% vs —0.3% in discontin-
uers, both in matched and unmatched popula-
tions (Table 2).

A subanalysis stratified patients by HbA;. at
baseline based on whether they were higher/
lower than the median HbA. (8.6%). This
subanalysis showed that continuers with HbA.
> 8.6 at baseline had a greater mean reduction
in HbA;. than discontinuers (- 1.32% vs
—0.71%, respectively; p < 0.001), despite similar
baseline levels. Continuers with HbA;. < 8.6 at
baseline also had a greater reduction in HbA;.

than discontinuers (- 0.29% vs 0.08%, respec-
tively; p < 0.001).

Among patients who adhered to liraglutide
for > 24 months and their matched discontin-
uers, the reduction in HbA;. from baseline to
24 months was also greater (— 0.8% vs — 0.27%,
respectively; p < 0.001) for patients who used
insulin at baseline (- 0.82% vs — 0.2%, respec-
tively; p <0.001) and for patients who used
insulin at 21-24 months after the index date
(- 0.77% vs — 0.28%, respectively; p < 0.001).

Association Between Liraglutide Persistence
and Body Weight, BMI, and Blood Lipids

For both continuers and discontinuers, changes
from baseline to 24 months in key measures
were similar in the unmatched and matched
groups (Table 2). Before matching, a total of
3.5% patients had missing values of change
from baseline in body weight, 2.8% had missing
values of change from baseline in LDL, and
2.4% had missing values of change from base-
line in triglyceride. In the matched groups,
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Table 2 Reductions from baseline to 24 months in key measures before and after matching

Prematching Postmatching

Parameter Mean SD N p value  Effect size Mean SD N°  pvalue  Effect size
HbA,. (%)

Continuers -0.78 147 2695 < 0.001 - 0.31 - 0.80 1.45 882 < 0.001 -0.33

Discontinuers - 0.31 1.50 885 < 0.001 -0.31 -032 1.50 882 < 0.001 -0.33
Weight (kg)

Continuers - 353 6.60 2600 < 0.001 -0.34 - 357 646 839 <0001 -0.34

Discontinuers - 1.25 736 853 < 0.001 -0.34 -125 736 853 < 0.001 -0.34
BMI (kg/m?)

Continuers - 1.28 234 2599 < 0.001 - 034 - 129 2.28 838 <0001 -0.34

Discontinuers - 0.45 272 853 < 0.001 -0.34 -045 272 853 <0001 - 0.34
LDL (mg/dL)

Continuers - 6.74 85.75 2623 0231 - 0.05 -5.72 84.06 867 0472 -0.03

Discontinuers - 2.81 8216 855 0.231 - 0.05 -283 8227 852 0472 -0.03
Triglycerides® (mg/dL)

Continuers - 1390 12749 2633 0.257 - 0.04 - 1037 131.09 869 0.790 - 0.01

Discontinuers - 6.81 15223 860 0257 - 0.04 - 6.89 15249 857 0.790 - 0.01

BMT body mass index, HbA,, glycated hemoglobin, LDL low-density lipoprotein, SD standard deviation
Effect size: 0.01 = very small, 0.2 = small, 0.5 = medium, 0.8 = large, 1.2 = very large, and 2 = huge.

* Statistical test was calculated on a log scale
b .. . ..
Variation in N between groups due to missing values

mean body weight reductions were greater in
continuers than in discontinuers (- 3.57 vs
- 1.25 kg, respectively; p < 0.001) and for BMI
(- 1.29 vs — 0.45 kg/m?, respectively; p < 0.001)
(Table 2). For patients wusing insulin at
21-24 months, mean change in body weight
from index date to 24 months significantly
differed between continuers and discontinuers
(- 3.22 vs - 0.11 kg, respectively; p < 0.001). No
difference was observed between the groups for
the change in blood lipids from baseline to
24 months (Table 2).

Association Between Liraglutide Persistence
and Use of Insulin and Other Treatments

For both continuers and discontinuers, results
were similar in the unmatched and matched
groups (Table 3). In the matched groups, fewer
continuers than discontinuers were dispensed

insulin at 21-24 months after the index date
(59.0% vs 70.2%, respectively; p < 0.001). Most
continuers and discontinuers were taking one
or two oGLDs at 21-24 months after the index
date; however, the number of oGLDs dispensed
was fewer for continuers than for discontinuers
(p <0.001). Of the oGLDs dispensed at
21-24 months after the index date, differences
were seen between continuers and discontin-
uers for metformin (83.0% vs 77.2%; p = 0.002)
and DPP-4i (p < 0.001). Fewer continuers than
discontinuers used > 3 oGLDs at 24 months
following baseline (6.2% vs 20.6%, respectively;
p < 0.001) (Table 3).

Association Between Liraglutide Persistence
and Hospitalization

For both continuers and discontinuers, hospi-
talization results were similar in the unmatched
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Table 3 Between-group differences in medications dispensed and hospitalizations during the 12—-24 months after the index
date, before and after matching

Parameter Prematching Postmatching
Category  Continuers Discontinuers p value Continuers Discontinuers p value

Insulin dispensed at No 1240 (46.0) 266 (30.1) <0.001 362 (41.0) 263 (29.8) < 0.001
21-24 months after v 1455 (54.0) 619 (69.9)  <0.001 520 (59.0) 619 (70.2) < 0.001
index date, 7 (%)

Using >3 oral No 2512 (93.2) 702 (79.3) <0.001 827 (93.8) 700 (79.4) < 0.001
antihyperglycemic Yes 183 (68) 183 (207)  <0.001 55(62) 182 (206) < 0.001
agents at 24 months
post index date, 7 (%)

Number of oral 0 289 (10.7) 154 (17.4) <0001 98 (11.1) 153 (17.3) < 0.001
antihyperglycemic 1 1208 (44.8) 250 (282) <0001 414 (469) 249 (282) < 0.001
medications at ) o ) o o
21-24 months post 2 015 (37.7) 298 (33.7) < 0.001 315 (35.7) 298 (33.8) < 0.001
index date, 7 (%) 3 165 (6.1) 155 (17.5) <0001 51(58) 154 (17.5) < 0.001

4 18 (0.7) 28 (3.2) <0001 4 (05) 28 (3.2) < 0.001

Oral antihyperglycemic Metformin 2249 (83.5) 683 (77.2) < 0.001 732 (83.0) 681 (77.2) 0.002
medications at SU 724 (269) 201 (22.7) 0.014 205 (232) 200 (22.7) 0.777
21-24 months pose DPP-4i 131 (4. 0.001 44 (5.0 0.001
index date, 7 (%) -4i 31 (4.9) 335 (37.9) < 0. (5.0) 334 (37.9) < 0.

TZDs 120 (45) 31 (3.5) 0223 40 (45) 31 (3.5) 0.276
SGLT-2 182 (6.8) 52 (5.9) 0.359 65 (7.4) 52 (5.9) 0.214

Hospitalization during No 2212 (82.1) 684 (77.3) 0.002 718 (81.4) 681 (77.2) 0.034
12-24 months post Yes 483 (17.9) 201 (22.7) 0.002 164 (18.6) 201 (22.8) 0.034
index date, 7 (%)

Diabetes-related No 2542 (94.3) 809 (914) 0.003 825 (93.5) 806 (91.4) 0.104
hospitalization during v 153 (57) 76 (8.6) 0003 57 (65) 76 (8.6) 0.104

12-24 months post
index date, 7 (%)

DPP-4; dipeptidyl peptidase-4 inhibitors, SGLT-2

thiazolidinediones

SU sulfonylurea, 77D

sodium-glucose  cotransporter-2,

2 value was calculated using the %> test for three categories, and by the Wilcoxon rank-sum test for more

and matched groups (Table 3). For the matched
groups, fewer continuers were hospitalized
during the 12-24 months post baseline than
discontinuers (18.6% vs 22.8%, respectively;
p =0.034). Fewer, but not statistically signifi-
cantly fewer, continuers than discontinuers
were hospitalized for diabetes-related compli-
cations (6.5% vs 8.6%, respectively; p = 0.104)
(Table 3). Similarly, among 701 patients who

continued treatment for more than 24 months
and their matched discontinuers, 15.8% of the
continuers were hospitalized at 12-24 months
compared with 23.4% of their matched dis-
continuers (p < 0.001); < 10.0% of each group
were hospitalized for diabetes-related compli-
cations (5.1% for continuers vs 9.0% for dis-
continuers; p = 0.005).
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DISCUSSION

We found that patients with type 2 diabetes
who persist with liraglutide treatment are
characterized by a greater reduction in HbA,
together with greater reductions in body weight
and no changes to blood lipid levels, compared
with patients who discontinued liraglutide
therapy. Reductions in HbA;. after 24 months
were greater in continuers than discontinuers in
subgroups characterized by higher baseline
HbA;. and by insulin usage at 21-24 months.
Overall, persistence with liraglutide treatment
was high, with ~ 60.0% of patients who initi-
ated liraglutide persisting with the treatment for
more than 2 years.

These results are supported by another real-
world MHS one-arm study of patients with type
2 diabetes treated with liraglutide for
> 6 months [20], where liraglutide treatment
resulted in a similar reduction in HbA;. and
body weight to that observed in our study. In a
separate retrospective cohort study of adminis-
trative claims data, HbA;. targets were more
likely to be achieved by persistent than non-
persistent patients [26], both in unadjusted
analysis and when adjusted to baseline
covariates.

In our study, HbA;. reductions were greater
in continuers than discontinuers, even though
discontinuers were using more insulin and
other oGLDs at follow-up measurement. In
other studies that evaluated medication adher-
ence and persistence, patient cohorts that also
prescribed insulin or oGLDs at baseline showed
between-group differences in medications. In
one previous study, 60.0% of patients who had
adhered to liraglutide at 1year had a signifi-
cantly higher mean number of oGLD medica-
tions at baseline [26]. In addition, previous use
of medication has been shown to affect con-
tinuation with a subsequent medication [27],
which may result from acquired tolerance to
drugs within the same therapeutic class. In
general, adherent patients will be more likely to
achieve HbA;. goals.

In this study, continuers tended to remain
on liraglutide treatment for a long time, while
discontinuers mostly stopped therapy within

the first 3 months. A previous liraglutide plus
basal insulin study found that patients who
discontinued therapy did so early, with 22.4%
discontinuing in the first month and 39.5%
within the first 3 months [28]. Adverse gas-
trointestinal events are more common in the
early stages of treatment with GLP-1RAs, espe-
cially during the first 8 weeks [28]. Tolerability
as a reason for nonadherence has previously
been noted in a review examining factors that
influence adherence to therapies for type 2
diabetes [29]. However, we did not report rea-
sons for early treatment discontinuation.

Clinical outcomes likely play a role in treat-
ment continuation/discontinuation as well.
Since better persistence is associated with
improvements in HbA;. outcomes, this positive
effect could have influenced patients to remain
on treatment. Nevertheless, continued use of
GLP-1RAs may be compromised by adverse
effects, particularly gastrointestinal events in
the early treatment stages [30]. One study that
sought to identify the main reasons why
patients discontinue GLP-1RAs found that both
patients and physicians reported gastrointesti-
nal adverse events as a key reason, particularly
nausea and vomiting. Physicians also consid-
ered poor blood glucose control as a key reason,
and patients were particularly concerned with
weight gain [31]. We believe that, since most
patients discontinued within 3 months, side
effects were likely to be the primary reason.
However, in our study, some patients probably
discontinued liraglutide due to lack of weight
loss or lack of effect on HbA;., since medica-
tions associated with reduced weight loss or
fewer hypoglycemic events have been reported
to increase patient satisfaction and adherence
[29]. The cost of liraglutide treatment is not
believed to be a key driver of discontinuation.

Our study demonstrated a positive associa-
tion between adherence to liraglutide treatment
and lower probability of needing bariatric sur-
gery. More discontinuers than continuers were
excluded from the study because they had
undergone bariatric surgery during the study
period (Fig. 1).

We noted that patients who persisted with
their treatment were hospitalized less fre-
quently than those discontinuing medication.
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The proportion of liraglutide-treated patients
requiring an inpatient hospital stay has been
reported to be low by other investigators
[27, 32], and the odds of all-cause hospitaliza-
tion are reportedly reduced by treatment
adherence [32]. In another study, patients who
persisted with a GLP-1RA and insulin also had a
significantly lower number of hospitalizations
and shorter hospital stays than nonpersistent
patients [28]. Lower CV morbidity and mortal-
ity have been documented with liraglutide use
on top of standard care in a previous trial,
which could potentially lead to differences in
hospitalizations between the two groups [10].
Prescription costs for the persistent cohort were,
however, significantly higher [28]. In addition,
persistence with liraglutide has been shown to
be associated with significantly lower diabetes-
related medical costs (includes costs relating to
ambulatory visits and emergency/inpatient ser-
vices) than for nonpersistent patients. However,
total healthcare costs were higher for patients
who persisted with treatment, due to higher
diabetes-related pharmacy costs [26, 32].

This study has several strengths: the MHS has
been a well-established care provider for over
75 years, and is the second largest Health
Maintenance Organization in Israel, so data
from it accurately reflect the Israeli population;
it offers high-quality data from electronic
medical records, automatic data capture, and a
central laboratory; the considerable number of
members enabled the inclusion of a large study
population both overall and in matched groups.
Because data were collected retrospectively from
routine clinical practice, we had no influence
on treatment decisions; the selection of
liraglutide thus reflects real-life treatment deci-
sions. However, as data were not collected from
study-related clinical or laboratory monitoring
or tests, clinical events may have been missed or
only partly followed up, and the reason for
discontinuation was not recorded.

In randomized controlled trials, randomiza-
tion ensures that, in general, patient groups do
not differ in their characteristics. In this study,
we adjusted for differences in baseline charac-
teristics by propensity score matching. However,
residual confounding cannot be excluded, as

suggested by differences in some characteristics
after matching. No adjustments have been made
for differences between continuers and discon-
tinuers occurring after treatment initiation (e.g.,
side effects/lack of effect), which may have
affected both long-term persistence and clinical
outcomes. Our study design therefore precludes
any conclusion on cause and effect of treatment
continuation or discontinuation: poor control
may have led to discontinuation of liraglutide,
rather than vice versa. Another possible limita-
tion is that the early response values (HbA,.) were
measured 90-270 days after baseline, with the
measurement closest to 180 days being used.
This may be considered a particularly long period
with which to measure the glycemic control
before the change in treatment.

Other limitations should also be noted. A
relatively large proportion of eligible individu-
als initiating liraglutide were excluded due to
various database and/or study inclusion/exclu-
sion criteria. This may limit the internal validity
and generalizability of the study results. The
high proportion of discontinuers who discon-
tinued within the first 3 months may indicate
that these patients were more likely to discon-
tinue due to tolerability issues rather than a lack
of effect on HbA;.. Suboptimal persistence with
liraglutide in real-world settings (less than
30.0% after 2 years) has been shown in a pre-
vious study [33]. The influence of medications
other than hypoglycemic agents on the study
findings cannot be ruled out. Poor adherence to
medications for comorbidities, including anti-
hypertensive agents and lipid-lowering thera-
pies, has also been shown to be an issue among
patients with diabetes [29].

CONCLUSIONS

In a real-world setting of patients well treated
for type 2 diabetes, persistent use of liraglutide
was associated with good glycemic and body
weight control. Adherent patients were also less
likely to be hospitalized. Efforts should be made
to increase persistence with therapy among new
users.
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