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Background: The factors associated with non-adherence to obesity treatment using liraglutide 3.0 mg in a re-
al-world setting remain elusive.

Methods: We performed a secondary data analysis of 769 participants treated with liraglutide 3.0 mg from De-
cember 2017 to June 2020 at nine Korean hospitals. Data were collected 2, 4, and 6 months after treatment initi-
ation. Adherence groups were defined as <2, 2-4, 4-6,and =6 months.

Results: Among the 769 patients, 539 (70.1%) were lost to follow-up within 6 months because of unknown
reasons (54.2%), adverse events (14.8%), change of treatment (13.7%), or discontinuation due to poor weight
loss (9.3%). Dropout at 6 months was significantly associated with the presence of diabetes mellitus in step 1
and the presence of diabetes mellitus with regular exercise in step 2 of the logistic regression analysis using the
forward stepwise selection method. After adjusting for covariates, the presence of diabetes mellitus (odds ratio
[OR], 0.25; 95% confidence interval [Cl], 0.10-0.63; OR, 0.47; 95% Cl, 0.31-0.73; and OR, 0.52; 95% Cl, 0.34-0.80)
and regular exercise (OR, 2.86; 95% Cl, 1.31-6.23; OR, 2.09; 95% Cl, 1.26-3.48; and OR, 2.99; 95% Cl, 1.81-4.92)
showed significant associations in the <2, 2-4, and 4-6 groups compared with the highest adherence group
(=6 months).

Conclusion: Non-adherence to obesity treatment with liraglutide is related to regular exercise and absence of
diabetes mellitus. Further prospective studies are warranted to increase medication adherence in those groups.
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INTRODUCTION

The prevalence of obesity is rapidly increasing worldwide, and
South Korea is no exception. More than 1.9 billion adults are obese,
and one-third of the global population is overweight or obese.' At a
body mass index (BMI) cutoff of > 25 kg/m? which defines obesi-
ty in Korean adults, the prevalence of obesity was 38.5% in 2018,
and the prevalence of class III obesity tripled from 2009 to 2018.

A preliminary loss of 5%-10% of body weight in 6 months is rec-

ommended for obesity treatment. Alongside pharmacotherapy, nu-

tritional therapy, physical activity, and behavioral therapy can facili-
tate weight loss.? Liraglutide, a glucagon-like peptide-1 receptor ag-
onist (GLP-1 RA) that is 97% homologous to human glucagon-
like peptide-1, is an approved anti-obesity drug for long-term treat-
ment at a dose of 3.0 mg/day. Its efficacy with or without comor-
bidities has been established.*® However, factors associated with
non-adherence to it are largely unknown; in fact, to the best of our
knowledge, they have not yet been studied in Korea at all.
Adherence to medication is defined as the extent to which pa-

tients follow their healthcare providers’ recommendations,” and for
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patients with chronic diseases, it is linked to disease control, hospi-
tal admission rate, morbidity, and even mortality.'®"! Similarly, ad-
herence to anti-obesity medication is important for achieving and
maintaining weight loss. Studies on adherence to anti-obesity med-
ication remain scarce, and the few that have been conducted indi-
cate that adherence is generally poor and varies significantly among
drug types." Therefore, we assessed the rate and causes of non-ad-
herence among people with obesity who were treated with liraglu-

tide 3.0 mg in a real-world setting in Korea.

METHODS

Study design and participants

A secondary analysis of real-world data was performed to assess
the adherence to liraglutide 3.0 mg for the treatment of obesity, as
described in detail elsewhere." Briefly, patients treated with liraglu-
tide for obesity (BMI > 25 kg/m?) were recruited from December
2017 to June 2020 from nine hospitals in South Korea, and their
treatment with 3.0 mg liraglutide daily was followed up by their phy-
sicians from its initiation. The index date was defined as the date of
liraglutide treatment initiation, and the starting dose was 0.6 mg/day,
which was increased weekly by 0.6 mg until the 3.0 mg/day main-
tenance dose was reached. Data were collected 2, 4, and 6 months
after treatment initiation. In line with liraglutide 3.0 mg treatment,
the physicians provided their patients with behavioral treatment,
an individualized low-calorie diet, and an exercise plan to achieve
sufficient weight loss. Anthropometric measurements, laboratory
test results, body composition, and any complaints or adverse events
were retrospectively collected from electronic medical records. This
study protocol was reviewed and approved by the institutional re-
view board of Seoul National University Bundang Hospital (No.
B-2103-670-106). Informed consent was waived because of the
retrospective design of the study and the analysis used anonymous
clinical data.

The inclusion criteria for this study were as follows: (1) obesity
(BMI >25 kg/m?), (2) age > 17 years, (3) > 1 prescription for li-
raglutide 3.0 mg, (4) > 1 baseline body weight measurement with-
in 1 month before the index date, (5) > 1 visit to the clinic in the
6 months following the index date, and (6) > 1 obesity-related co-

morbidity, such as prediabetes, diabetes mellitus, hypertension,
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dyslipidemia, or fatty liver disease. The exclusion criteria were as
follows: (1) administration of any type of GLP-1 RA before the in-
dex date, (2) use of other anti-obesity medications (including lor-
caserin, orlistat, phentermine, and phentermine-topiramate extend-
ed-release), (3) any malignancy, and (4) a history of bariatric or
metabolic surgery. Of the 820 patients, 51 were excluded by those

criterja.'®

Demographic characteristics

The baseline characteristics, demographics, smoking status, exer-
cise status, and medical history, on the index date were collected.
The participants were divided into non-smokers, ex-smokers, and
current smokers. Regular exercise was defined as > 3 times per week
and > 30 min/session of moderate-to-vigorous physical activity such
as walking, running, badminton, tennis, cycling, swimming, and

climbing.

Anthropometric measurements and laboratory tests

Height, body weight, and waist circumference were measured by
a regular nurse or physician assistant at every visit, and the BMI
was calculated as weight (kg) divided by height squared (m?). The
mean systolic and diastolic blood pressure was derived from two
measurements taken in the seated position with a S-minute interval
between them using validated electronic (oscillometric) devices.

The following biochemical parameters were measured from fast-
ing blood samples: glycated hemoglobin (HbA1c), plasma glucose,
total cholesterol, high-density lipoprotein (HDL) cholesterol, low-
density lipoprotein (LDL) cholesterol, triglycerides, aspartate ami-
notransferase (AST), alanine aminotransferase (ALT), blood urea
nitrogen (BUN), and creatinine. The estimated glomerular filtra-
tion rate (eGFR) was calculated using the creatinine-based Chronic
Kidney Disease Epidemiology Collaboration equation.'*

Adherence and dropout

Data were collected 2, 4, and 6 months after the initiation of lira-
glutide treatment, and the participants were assigned to different
adherence groups according to their treatment and follow-up records:
(1) <2 months (< 8 weeks), lost to follow-up within 2 months of
the index date; (2) 2-4 months (8-16 weeks), adherent to liraglutide
for >2 months and <4 months; (3) 4-6 months (16-24 weeks),
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adherent to liraglutide for >4 months and <6 months; and (4)
> 6 months ( >24 weeks), adherent to liraglutide treatment for
> 6 months.

Reasons for dropping out of liraglutide treatment were collected
in the form of participant complaints recorded by physicians. They
were classified into five categories: (1) unknown: the participants
discontinued follow-up without any comment; (2) cost: the par-
ticipants discontinued the treatment for financial reasons; (3) fail-
ure to lose weight: the participants failed to lose > 5% of their base-
line body weight within 12 weeks of treatment; (4) adverse events:
the treatment was terminated due to local or systemic adverse
events such as skin reactions at the injection site, nausea, vomiting,
diarrhea, or any other gastrointestinal symptoms; and (S) the par-
ticipants were switched to another anti-obesity treatment after con-

sultation with their physician.

Statistical analysis

‘We performed analysis of variance for continuous numerical vari-
ables and Pearson’s chi-square test for categorical variables to com-
pare characteristics among the adherence groups. Linear-by-linear
association tests for categorical variables and a general linear model
for continuous variables were used to test for linear trends in the
baseline characteristics and reasons for dropping out among the
four groups. To identify significant factors affecting adherence to Li-
raglutide treatment, a binomial multivariate logistic regression anal-
ysis using the forward stepwise selection method was performed
using dropout before 6 months as the dependent variable and oth-
er factors (age, sex, height, weight, waist circumference, BMI quar-
tile, systolic blood pressure, diastolic blood pressure, HbAlc, serum
fasting glucose, total cholesterol, triglycerides, HDL cholesterol,
LDL cholesterol, AST, ALT, BUN, creatinine, eGFR, presence of
diabetes mellitus, presence of dyslipidemia, presence of hyperten-
sion, smoking status, regular exercise, treatment center, mean lira-
glutide dose, and initial weight change) as the independent variables.
To derive associations between the adherence groups and the fac-
tors, a multinomial logistic regression was conducted based on the
results of the binomial logistic regression analysis and adjusting for
age, sex, BMI, dyslipidemia, hypertension, smoking status, treatment
center, mean liraglutide dose, and initial weight change. All statisti-
cal analyses were performed using IBM SPSS for Windows version
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25.0 (IBM Corp., Armonk, NY, USA), and a P-value of < 0.05 was

considered to indicate statistical significance.

RESULTS

Baseline clinical characteristics of participants according
to adherence groups

We enrolled 769 patients for the final analysis according to the
eligibility criteria (n =63 in <2 months group, n=242 in 2-4 months
group, n=234 in 4-6 months group, and n=230 in >6 months
group). The mean follow-up durations were 3.9, 9.6, 17.8, and
29.9 weeks in the <2,2-4,4-6, and > 6 month groups, respective-
ly; the mean liraglutide dose in each group was 2.6, 2.1, 2.4, and
2.4 mg/day; respectively (P < 0.001). The proportion of participants
enrolled in each group from the seven centers of the obesity clinic
was 77.8%, 40.9%, 35.9%, and 39.1%, respectively (P < 0.001).

The overall mean age was found to increase significantly with the
duration of each adherence group (41.2, 44.7, 44.5, and 46.6 years,
respectively; P=0.021, P for trend =0.007). A similar trend was
observed for waist circumference (98.1, 102.6, 104.7, and 105.5 cm,
respectively; P for trend =0.04) and initial body weight change
(~0.3%, —3.7%, —3.3%, and —4.5%, respectively; P <0.001, P for
trend <0.001). Serum AST and creatinine levels exhibited a signif-
icantly increasing trend with adherence, whereas the HDL choles-
terol level significantly decreased with increasing adherence (P for
trend < 0.05). The presence of diabetes mellitus and hypertension
tended to increase with increasing adherence, and regular exercise
tended to decrease with increasing adherence (P < 0.0S, P for trend
<0.05). The remaining variables showed no significant differences

or trends between the four groups (Table 1).

Reasons for dropping out of liraglutide treatment within
6 months

The reasons given by the 539 participants for discontinuing lira-
glutide treatment within 6 months are provided in Table 2. Remark-
ably, 90.5% of the participants in the <2 months group, 51.2% in
the 2-4 months group, and 47.4% in the 4-6 months group were
lost to follow-up for unknown reasons. Discontinuation due to cost
was reported by 9.1% of the participants in the 2—4 months group

and 9.0% of those in the 4-6 months group, whereas discontinua-
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Table 1. Baseline clinical characteristics of study participants according to their adherence to liraglutide 3.0 mg treatment

) Adherence group
Variable P* P for trend
<2 Months (n=63) 2-4 Months (n=242) 46 Months (n=234) >6 Months (n=230)

Follow-up duration (wk) 39+15 96+24 178+26 299+65 <0.001 <0.001
Liraglutide dose (mg/dL) 26+07 21+08 24+07 24+07 <0.001 0.329
Obesity clinic' 49(77.8) 99(40.9) 84(35.9) 90(39.1) <0.001 <0.001
Age (yr) 4124121 4474125 445+128 466+13.3 0.021 0.007
Sex 0.533 0.628

Male 23(36.5) 69(28.5) 76(32.5) 77(335)

Female 40(63.5) 173(71.5) 158 (67.5) 153 (66.5)
Height (cm) 164.7+10.0 163.9+8.3 165.3+9.6 164.4+94 0422 0.630
Body weight (kg) 87.2+19.0 86.0+18.0 88.8+20.0 8794185 0413 0.320
Waist circumference (cm) 100.0+9.6 102.2+98 104.6+12.7 105.2+10.1 0212 0.040
BMI (kg/m?) 319+45 319+54 32.3+5.1 323+48 0.769 0.342
BMI category (kg/m?) 0.758 0.196

25.0-299 26(41.3) 103 (42.6) 91(389) 81(35.2)

30.0-349 25(39.7) 94(38.8) 87(37.2) 99(43.0)

35.0-399 8(12.7) 25(103) 37(15.8) 32(139)

>40.0 4(6.3) 20(8.3) 19(8.1) 18(7.8)
Initial weight change® (%) —03+31 —37+38 -33+29 —45+48 <0.001 <0.001
Systolic BP (mmHg) 134.1+£18.7 1315174 1326+145 1328+146 0.666 0.771
Diastolic BP (mmHg) 81.4+137 80.9+119 81.2+108 80.7+11.1 0.967 0.786
HbATc (%) 73+19 6.7+16 6.6+15 6.9+15 0.272 0.460
Fasting serum glucose (mg/dL) 120.1+283 1215+349 1200+41.6 1273+36.2 0.292 0.154
Total cholesterol (mg/dL) 1835+27.6 1835+41.6 1834+424 1788+41.3 0.693 0.316
Triglycerides (mgy/dL) 193.0+146.1 166.1£97.3 172441055 182.8+100.6 0.409 0.383
HDL cholesterol (mg/dL) 48.3+10.8 504+120 492+12.3 472+10.7 0.108 0.044
LDL cholesterol (mg/dL) 106.7+316 1145+358 117.0+£34.8 1108+314 0.288 0.739
AST (lU/L) 3444150 36.0+20.7 335+20.5 389+249 0.049 0.064
ALT (IU/L) 45.4+26.0 433+28.3 41.8+36.0 494+36.3 0.079 0.130
BUN (mg/dL) 132+4.0 137+4.1 144472 15.0+6.5 0.316 0.060
Creatinine (mg/dL) 0.70£0.20 0.72+021 0.76+0.26 0.77+0.26 0.216 0.048
eGFR (mL/min/1.73 m?) 110.1£29.0 1038+2.8 102.8+199 101.8+21.1 0.359 0.141
Comorbidity

Diabetes mellitus 10(15.9) 79(32.6) 83(35.5) 114 (49.6) <0.001 <0.001

Dyslipidemia 19(30.2) 102 (42.1) 105 (44.9) 99(43.0) 0.213 0.185

Hypertension 14(22.2) 106 (43.8) 121(51.7) 106 (46.1) 0.001 0.009
Smoking 0.585 0.269

Never 50(79.4) 203(83.9) 194 (82.9) 198 (86.1)

Ex- or current smoker 13(20.6) 29(16.1) 40(17.1) 32(139)
Regular exercise 21(333) 61(25.2) 71(303) 29(12.6) <0.001 <0.001

Values are presented as mean + standard deviation or number (%). Adherence groups: >6 months, adherent to liraglutide treatment for >6 months; 4-6 months, adherent to liraglu-
tide for >4 months and <6 months; 2—4 months, adherent to liraglutide for >2 months and <4 months; <2 months, lost to follow-up within 2 months of the index date.

*Analysis of variance for continuous variables and Pearson’s chi-square test for discrete variables; "Participants enrolled from the seven centers of obesity clinics; *Weight change
during the initial period (< 2 months).

BMI, body mass index; BP. blood pressure; HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein; AST, aspartate aminotransferase; ALT, alanine
aminotransferase; BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate.

tion due to weight loss failure was identified in 8.3% and 12.8% of ~ and 15.4% of the participants in the < 2,2-4, and 4-6 months groups,
the participants in the 2—4 and 4-6 months groups, respectively.  respectively. Participants who switched to another anti-obesity treat-

Discontinuation due to adverse events was found in 3.2%, 17.4%, ment constituted 6.3%, 14.0%, and 15.4% of the participants in the
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Table 2. Reasons for dropping out of liraglutide 3.0 mg treatment within 6 months
(n=539)

jomes

Table 4. Association between the presence of diabetes mellitus or regular exer-
cise and the risk of dropping out of liraglutide 3.0 mg treatment

Adherence group Iy
Reason <2Months 2—4 Months 4—6 Months * trer?cri
(n=63) (n=242) (n=234)
Unknown 57(905) 124(512) 111(474) <0001 <0.001
Cost 0 22(9.1) 21(9.0)
Failure to lose weight 0 20(8.3) 30(12.8)
Adverse event 2(32) 42(174)  36(15.4)
Switch to another 4(6.3) 34(14.0) 36(15.4)
treatment

Values are presented as number (%).
*Pearson’s chi-square test.

Table 3. Factors affecting adherence to liraglutide 3.0 mg treatment for more than
6 months

Factor Adjusted OR 95% Cl P*
STEP1

Presence of diabetes mellitus 0.45 0.33-0.63 <0.001
STEP 2

Presence of diabetes mellitus 048 0.35-0.66 <0.001

Regular exercise 2.35 152-3.64 <0.001

*Binomial logistic regression analysis using the forward stepwise selection method
with dropout from liraglutide before 6 months as the dependent variable and age, sex
(categorical), height, weight, waist circumference, body mass index quartile, systolic
blood pressure, diastolic blood pressure, glycated hemoglobin, serum fasting glucose,
total cholesterol, triglycerides, high-density lipoprotein-cholesterol, low-density lipopro-
tein-cholesterol, aspartate aminotransferase, alanine aminotransferase, blood urea ni-
trogen, creatinine, estimated glomerular filtration rate, presence of diabetes mellitus
(categorical), presence of dyslipidemia (categorical), presence of hypertension (categori-
cal), smoking (categorical), regular exercise (categorical), treatment center (categorical),
mean liraglutide dose, and initial weight change as independent variables.

OR, odds ratio; Cl, confidence interval.

<2, 2-4, and 4-6 months groups, respectively (P< 0.001, P for
trend <0.001).

Factors affecting the adherence to liraglutide treatment
for <6 months

To find factors that significantly affected the adherence to liraglu-
tide treatment, we performed a binomial multivariate logistic re-
gression analysis with the forward stepwise selection method, set-
ting dropout before 6 months as the dependent variable and the
other factors as independent variables. In step 1, the presence of di-
abetes mellitus was significantly associated with dropout before
6 months (odds ratio [OR], 0.45; 95% confidence interval [CI],
0.33-0.63). In step 2, regular exercise (OR, 0.48; 95% CI, 0.35~
0.66) and the presence of diabetes mellitus (OR, 2.35; 95% CI,
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Factor Adjusted OR ~ 95% Cl P*
group

4-6 Months Presence of diabetes  (-) Ref
mellitus + 0852 034-080 0003

Regular exercise (-) Ref
(+) 299 181-4.92 <0.001

2—4 Months Presence of diabetes  (-) Ref
mellitus + 047 031-073  0.001

Regular exercise (=) Ref
(+) 2.09 1.26-3.48 0.004

<2 Months Presence of diabetes () Ref
mellitus + 025 0.10-063  0.003

Regular exercise (- Ref
(+) 2.86 1.31-6.23 0.008

*Multinomial logistic regression analysis using the highest adherence group (> 6 months)
as the reference value and adjusting for age, sex (categorical), body mass index quartile
(categorical), presence of dyslipidemia (categorical), presence of hypertension (categori-
cal), smoking status (categorical), treatment center (categorical), mean liraglutide dose,
and initial weight change.

OR, odds ratio; Cl, confidence interval.

1.52-3.64) differed significantly among the groups (Table 3).

Association between diabetes mellitus and exercise and
the risk of dropping out of liraglutide treatment

Using the results of the binomial logistic regression analysis, we
performed a multinomial logistic regression analysis to identify as-
sociations between adherence to liraglutide treatment and the pres-
ence of diabetes and regular exercise. After adjusting for covariates
and using the group with longest adherence ( > 6 months) as a ref-
erence, the OR for the presence of diabetes mellitus was 0.25 (95%
CI, 0.10-0.63) in the <2 months group, 0.47 (95% CI, 0.31-0.73)
in the 2-4 months group, and 0.52 (95% CI, 0.34-0.80) in the
4-6 months group; however, for regular exercise, the OR was 2.86
(95% CI, 1.31-6.23) in the <2 months group, 2.09 (95% CI, 1.26—
3.48) in the 2-4 months group, and 2.99 (95% CI, 1.81-4.92) in
the 4-6 months group (Table 4).

DISCUSSION

We performed a retrospective observational study to assess the
adherence to liraglutide 3.0 mg for the obesity treatment in a real-

world setting in South Korea. Overall, 60.3% of the patients ad-
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hered to liraglutide 3.0 mg treatment for >4 months, and treat-
ment adherence was better among patients who were older, had
poor metabolic indices, had diabetes mellitus or hypertension, and
did not exercise regularly. The multivariate analysis indicates that
dropout was less likely to occur among patients with diabetes mel-
litus. In contrast, regular exercise was inversely related to the risk of
dropout. These associations were consistent at all follow-up times
(2,4, and 6 months of liraglutide use).

Medication adherence is important in managing chronic diseas-
es, and obesity is no exception. Generally, weight loss of 5%-10%
of body weight within 6 months of beginning treatment is recom-
mended for patients to obtain the desired health benefits;* in addi-
tion to weight loss, the long-term maintenance of weight loss is also
important for achieving the desired health outcomes. The high
dropout rate with anti-obesity drugs is a major barrier to achieving
and sustaining weight loss and is closely related to weight cycling."
It varies widely depending on the type of drug'? and is estimated to
be 40%-50%.'¢ Among the anti-obesity drugs, liraglutide is consid-
ered to have a lower risk of discontinuation than other drugs such
as lorcaserin, naltrexone/bupropion, phentermine/topiramate,
phentermine, and orlistat.">"”

In randomized controlled trials of liraglutide 3.0 mg, the dropout
rate at 1 year ranged from 20% to 28% in the liraglutide groups, and
the rate in the placebo groups was higher (26%-36%).%%'%* The
dropout rate from liraglutide 3.0 mg treatment was 57.4% at 7 months
in Switzerland,® approximately 46% at 6 months in Canada,* and
58.2% at 6 months in the United States."” In our Korean study, the
dropout rate was 39.7% at 4 months and 70.1% at 6 months.

Possible reasons for the high dropout rate in Korea include the
following, First, this study collected and analyzed data from the ini-
tial period of liraglutide availability in Korea. Before that period, or-
listat, lorcaserin, and naltrexone/bupropion were available as oral
anti-obesity drugs. Liraglutide was the only injectable, and it was
the most expensive drug anti-obesity drug available. Prejudice against
the injectable mode of administration and its high cost might un-
derlie the low adherence rate reported here.”” Interestingly, the par-
ticipants who dropped out during early treatment disclosed no spe-
cific reasons for discontinuing their follow-up; however, those who
dropped out after several months reported that they discontinued

liraglutide 3.0 mg treatment for financial reasons or due to failure
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to lose weight. In this regard, physicians should consider patients’
financial circumstances and their long-term preference for main-
taining a lower weight. Second, the nine hospitals from which the
data were collected are all tertiary hospitals; thus, the characteristics
of participants in this study could differ from those of patients with
obesity who visit primary clinics.” Third, obesity in the partici-
pants in this study was milder than in previous studies. In Korea,
obesity is defined as a BMI of >25 kg/m?; other countries use a
BMI of >30 kg/m® Thus, the mean BMI of 32.1 kg/m” in this
study is substantially lower than those reported in previous studies
in Switzerland (36.2 kg/m?) and Canada (32.9-46.3 kg/m?). Nev-
ertheless, although the participants in our study were leaner, they
had more comorbidities than in previous studies, including diabe-
tes mellitus,’®*' which means that the less obese but metabolically
unhealthier participants in our study were more likely than those in
previous studies to be under polypharmacy, which could lead to
poor adherence rates.”*

Interestingly, regular exercise was significantly associated with
lower adherence to liraglutide 3.0 mg treatment. Physical fitness
and functional health status have been associated with non-adher-
ence to medication in other chronic diseases, with a pooled preva-
lence of approximately 42.6%, and poorer health status is associated
with a stronger motivation to continue medication.”>* Similar re-
sults showing a positive association between regular exercise and
medication non-adherence have been found in Saudi Arabia and
Japan.”?® On the other hand, exercise is an essential treatment for
successful weight loss® and the main predictor of substantial weight
loss.”” Considering that adherence to a weight loss intervention
usually correlates with adherence to physical activity, patients
who exercise regularly, have good adherence to healthy lifestyle
guidelines, and make favorable behavioral changes might have high
confidence that they can achieve weight loss without anti-obesity
medication.

Patients with diabetes had better than average adherence to lira-
glutide 3.0 mg treatment in our study, indicating that diabetes mel-
litus also significantly affects adherence. Liraglutide is a highly effi-
cient, glucose-lowering GLP-1 RA that can be used to treat both
diabetes mellitus and obesity.*' Patients with both conditions are
likely to adhere to GLP-1 RA therapy better than diabetes patients
without obesity;** and patients with diabetes mellitus who achieved
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substantial weight loss had significantly better adherence to medi-
cation and other treatment regimens than those with weight gain.***
Therefore, it is not surprising that patients with both obesity and
diabetes who achieved weight loss in our study displayed better than
average adherence. For such patients, treatment using GLP-1 RAs
such as liraglutide 3.0 mg are a viable option for achieving both weight
loss and glycemic control.

This study has certain limitations. First, the high dropout rate and
limited data availability could lead to attrition bias because of the
possibility of other confounding variables. Second, as mentioned
before, the population in this study was enrolled from tertiary hos-
pitals. Because the medical expenses associated with tertiary hospi-
tals are higher than those with primary clinics, the characteristics of
the participants in this study could vary from those of patients in
primary clinics. Therefore, the possibility of selection bias cannot
be ruled out. Third, because this study was conducted in a single
country, the results cannot be generalized to other ethnic groups.

Despite those limitations, this study has several strengths. It is
the first study to use representative real-world data from multiple
institutions and regions of South Korea to investigate the adherence
to and causes of dropout from treatment with liraglutide. The use
of multi-level statistical analyses with various covariates is another
strength.

In conclusion, the dropout rate for liraglutide 3.0 mg treatment
was relatively high in a real-world setting in South Korea. Of note,
among the people with obesity, individuals who exercised regularly
and those without diabetes mellitus were likely to have poor adher-
ence to liraglutide treatment. Further studies are needed to investi-
gate how to increase drug adherence to liraglutide 3.0 mg to achieve

and maintain weight loss in those patients.
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