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Clinical effectiveness of l
iraglutide on weight loss
in South Koreans
First real-world retrospective data on Saxenda in Asia
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Abstract
Among Asian countries, South Korea was the first to approve liraglutide as a treatment for obesity. Thus, the clinical effectiveness of
liraglutide has not been studied in Asian populations.
In this study, we retrospectively analyzed obese patients [body mass index (BMI) >27kg/m2] who were treated with liraglutide

between March 2018 and March 2019 in a single clinic. Weight, BMI, HbA1c, and clinical data were collected before liraglutide
treatment. Changes in body weight and composition and their relationships with clinical variables were examined at re-prescription
dates within 30, 60, 90, and 180 days.
A total of 169 subjects were studied. The average age was 41.5 years, and 42% of the subjects were male. The average weight

was 85.2kg, and the average BMI was 30.8kg/m2. Weight reduction was significant (–5.5±3.4kg, 30 days: –3.2±1.8kg, 60 days: –
4.5±2.3kg, 90 days: –6.3±2.6kg, 180 days: –7.8±3.5kg) during the follow-up period and increased with longer treatment time
(P< .001). The percentages of subjects that showed ≥ 5% and ≥ 10% body weight reduction were 62.1% and 17.2%, respectively.
In the body composition analysis, skeletal muscle weight loss was –3.56±29.7%, which was significantly smaller than fat weight loss
of –11.06±10.4% (P= .03). Weight loss was not significantly related to age, sex, baseline BMI, baseline HbA1c, smoking status,
alcohol consumption, coffee intake.
In conclusion, Liraglutide treatment led to meaningful weight loss in South Korean patients, and fat mass reduction was prominent

during treatment. Furthermore, liraglutide showed greater clinical effectiveness with longer treatment time.

Abbreviations: BMI = bodymass index, GLP-1=Glucagon-like peptide-1, SD= standard deviation, P-value= probablility value.
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1. Introduction

Obesity is a globally prevalent chronically relapsing disease that
requires continuous efforts toward prevention and treatment.[1]

Weight loss of over 5% is known to improve the risk of morbidity
andmortality andmeaningfully improve health-related quality of
life.[2,3] One of the most well-known methods of weight loss is
changing lifestyle via modifying diet and increasing physical
activity. However, the overall effects of behavioral therapies in
weight loss maintenance can be meaningful yet small, and can
result in a gradual regain of the weight.[4,5] Pharmacological
treatments can act as an adjunct to behavioral treatments,
especially for cases in which lifestyle changes fail to produce the
desired weight loss.[6,7] However, there are limited options for
antiobesity medications, especially for long-term use.
Liraglutide is an acylated glucagon-like peptide-1 (GLP-1)

analog that has 97% similarity to human GLP-1 and is known to
lower body weight by reducing appetite and calorie intake.[8,9]

Randomized controlled studies have proven that liraglutide
prescribed up to 3.0mg a day successfully induced clinically
meaningful weight loss compared to a placebo, and improve-
ments in body weight were maintained for up to 2 years.[10,11]

Liraglutide has been approved for 3-year use in overweight and
obese patients in various countries, including the US and the EU.
The effects of liraglutide combined with diet and exercise have
also been demonstrated using real-world data in Canada, with
over 60% of the enrolled population losing more than 5% of
their body weight.[12]
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In Asia, an accelerating increase in mean body mass index
(BMI) has been observed since approximately 2000, and the
transition from underweight to overweight has been rapid.[13]

Central fat deposition is more prominent in Asians, and
metabolic problems such as nonalcoholic fatty liver disease,
diabetes, and cardiovascular disease have increased among those
with central fat deposition, even with lower BMI.[14,15] Among
Asian countries, South Korea was the first country to approve
liraglutide for treating obesity; its use began in March 2018.
Thus, the real-world clinical effectiveness of liraglutide has not
yet been studied in Asian populations. This study retrospectively
analyzed real-world data of overweight and obese patients
(BMI>27kg/m2) who were treated with liraglutide in South
Korea. Weight reduction outcomes according to liraglutide usage
and predictive factors for the effect of liraglutide were examined.
2. Methods

2.1. Ethical consideration

This study protocol was approved by the Public Institutional
Bioethics Committee designated by the Ministry of Health and
Figure 1. (A) Flow chart of the study. (B) Dose
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Welfare, Republic of Korea (IRB approved No. P10-201909-21-
007). Written consent was waived.

2.2. Patients and study design

Data were retrospectively collected for patients with BMI ≥27
who were prescribed liraglutide for obesity treatment between
March 23, 2018, and March 31, 2019, at the Seoul Happiness
Clinic of Internal Medicine. The exclusion criteria were as
follows: age under 18, no baseline exam (body weight and
height), or no follow-up data for body weight. The study design is
shown in Fig. 1A. For enrolled patients, initial height, weight,
BMI, age, sex, and HbA1c data were collected. Patients were
recommended to visit the clinic once a month. Patients’ weight,
skeletal muscle weight, and fat weight data were collected at
liraglutide re-prescription dates closest to 30, 60, 90, and 180
days after the first prescription; measurements were acquired
using ACCUNIQ BC380 (SELVAS Healthcare Inc., Daejeon,
Korea) as described in previous papers.[16] Final weight loss was
measured at the final prescription visit. Changes in body weight,
muscle weight, and fat weight during the time period were
analyzed. Then the effects of baseline BMI, age, sex, Hemoglobin
escalation schedule of liraglutide treatment.



Park et al. Medicine (2021) 100:2 www.md-journal.com
A1c level, early responders, behavioral characteristics on final
weight loss were examined. For BMI, patients were divided into
groups 27�BMI<30, 30�BMI<33, BMI≥33. Age groups
were divided into groups under age 30, 30 to 39, 40 to 49, 50 to
59, and ≥60. Sex was divided into male and female. Hemoglobin
A1c levels were divided into HbA1c up to 5.6 (normal), 5.7 to 6.4
(prediabetes), and over 6.5 (diabetes). Early responders were
defined as weight loss in 30 or 60 days after the first prescription,
which was compared with weight loss in later time periods and
final weight loss. Behavioral characteristics were measured by
lifestyle questionnaires, discussed below.

2.3. Dose escalation schedule of liraglutide

Dose escalation of liraglutide was generally recommended as
follows: liraglutide was initiated at a dose of 0.6mg. The dose
was increased by approximately 0.6mg each week to 1.2mg by 7
days, 1.8mg by 14 days, 2.4mg by 23 days, and 3.0mg by 31
days. Those who continued to visit the clinic after 31 days were
treated with 3.0mg daily. This schedule is shown in Fig. 1B.
2.4. Lifestyle questionnaire

A questionnaire that was designed for obesity care in Seoul
Happiness Clinic of Internal Medicine were completed by every
patient at their first visit. Participants were asked whether they
smoked or drank alcohol and how much coffee they drank each
day. They were also asked if their daily water intake was over 1 L
andwhether they preferred soft drinks. Questions regarding body
image concerns were also asked. To understand the patient’s
eating habits, the questionnaire included questions about their
preference for fast food and greasy food, frequency of eating
breakfast, eating outside the home, and watching televisionwhile
eating. The levels of bulimia, impulsive eating, restrained eating,
and emotional eating, and number of obese family members were
assessed. Aside from the questions with yes or no answers, the
questionnaire response options were divided into “strongly
disagree, somewhat disagree, somewhat agree, and strongly
agree.” The questionnaire responses, “strongly disagree, some-
what disagree, somewhat agree, strongly agree,” were assigned
values of 1, 2, 3, and 4, respectively, and the data were analyzed
by calculating the total sum of the question responses; the
population was then divided into 4 groups, “low, medium, high,
very high,” according to quartiles of the sum. The questionnaire
is described in detail in S1, http://links.lww.com/MD/F494.
2.5. Statistical analysis

The mean and standard deviations (SDs) for all continuous
variables in the paper were calculated and reported in the form of
mean±SD. Categorical variables were expressed as proportions
(%). Statistical analyses were performed by comparing weight
loss data according to variable groups. Imputation of missing
data was not done, and normality assumption was examined
using Q-Q plot and the Shapiro-Wilk test. Generalized estimating
equation analysis was performed to analyze the difference of
weight loss at 30 days, 60 days, 90 days, and 180 days after the
first prescription to deal with missing data. Paired t-tests were
performed to check if final weight reduction during liraglutide
treatment was significant, and to compare the amount of muscle
weight loss and fat weight loss in kg and %. Student t-tests and
analysis of variance were used to check if final weight loss was
3

significantly different between different groups of baseline BMI,
age, sex, HbA1c level, early responders, and behavioral factors
when normal distribution could be assumed in all the groups. For
behavioral factors that had groups in which normal distribution
could not be assumed, Kruskal-Wallis test was performed. Post
trend analysis was performed if necessary. Linear regression
analysis was performed to see the correlation between liraglutide
treatment duration, baseline BMI, age, early responders, and final
weight loss. All statistical analyses were performed using R
Statistical Software (Version 3.5.2; R Foundation for Statistical
Computing, Vienna, Austria) and PRISM software (version 5;
GraphPad, La Jolla, CA). A P value of <.05 was considered
statistically significant.
3. Results

3.1. Baseline characteristics

Of a total of 273 patients, 104 patients were excluded due to a
lack of follow-up or lack of body weight measurements during
follow-up. A total of 169 subjects were studied. The average
follow-up days were 73.7 days, and the total study period was a
year. The average age was 41.5±9.6 years, and 42% of the
subjects were male. At baseline, the average weight was 85.2±
14.6kg, and the average BMI was 30.8±3.5kg/m2. The number
of people who were re-prescribed liraglutide within 30 days after
the first prescription was 67; 111 patients within 60 days, 53
patients visited within 90 days, and 51 patients within 180 days.
Of those whose HbA1c data were collected (n=149), 34.9%

had prediabetes (5.7% � HbA1c � 6.4%), and 10.1% had
diabetes (6.5%�HbA1c). The average baseline value for HbA1c
was 5.8±0.8%. Of those whose data were collected, 19.2%were
smokers, 59.8% drank alcohol, and 45.5%drank less than 1 L of
water per day. The data are described in Table 1.
3.2. Clinical effectiveness of liraglutide 3.0mg injection
3.2.1. Change in body weight during treatment periods.
Weight reduction during liraglutide treatment was significant (–
5.5±3.4kg, P< .001), and the percent weight loss was
significantly correlated with liraglutide treatment duration
(R2= .35, P< .001). The data are shown in Fig. 2A. Weight
loss according to time duration since the first visit was as follows:
at 30 days: –3.2±1.8kg, 60 days: –4.5±2.3kg, 90 days: –6.3±
2.6kg, 180 days: –7.8±3.5kg. The weight loss percentages
according to the time duration since the first prescription were as
follows: at 30 days: –3.8±2.1%, 60 days: –5.3±2.6%, 90 days:
–7.5±2.9%, 180 days: –9.1±3.6%. The weight loss at 30 days,
60 days, 90 days, and 180 days after the first prescription differed
significantly according to generalized estimating equation
analysis (P< .001 for each coefficient). The proportion of people
who had ≥5% weight loss was 26.9% after 30 days, over 50%
after 60 days (55.0%), and over 80% after 90 and 180 days
(84.9% and 86.0%, respectively). Additionally, ≥10% weight
loss was achieved by 17.0% of the patients after 90 days and
41.2% of the patients after 180 days. In total, 62.1% and 17.2%
of subjects showed ≥5% and ≥10% body weight reduction
during the observed period, respectively. The data are described
in Table 2.

3.2.2. Changes in muscle and fat weight. We examined
patients who received a dose over 3.0mg and were prescribed
more than 30 days of liraglutide (n=140). We compared muscle
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Table 1

Baseline characteristics of enrolled patients.

Physical characteristics Patients N Data
∗

Age, yrs 169 41.5±9.6
Sex (male), n (%) 169 71 (42.0)
Baseline body weight 169 85.2±14.6
Baseline muscle weight 169 28.4±6.9
Baseline fat weight 169 32.2±7.5
Baseline BMI 169 30.8±3.5
Follow-up duration, days 169 73.7±51.9
HbA1c at starting point 149 5.8±0.8
HbA1c � 5.6%, n (%) 82 (55.0)
5.7% � HbA1c � 6.4%, n(%) 52 (34.9)
6.5% � HbA1c, n(%) 15 (10.1)

Behavioral characteristics Patient N Data
∗

Smoker 125 24 (19.2)
Alcohol drinker 127 76 (59.8)
Coffee 122
<1 cup 43 (35.3)
2–4 cups 71 (58.2)
More than 4 cups 8 (6.6)

Daily water intake 123
<1 L 56 (45.5)
>1 L 67 (54.5)

Soft drinks 91
Nonpreferred 73 (80.2)
Preferred 18 (19.8)

Body image concern 119
Low 34 (28.6)
Medium 3 (2.5)
High 36 (30.3)
Very high 46 (38.7)

Frequency of breakfast 123
Low 19 (15.4)
Medium 25 (20.3)
High 34 (27.6)
Very high 45 (36.6)

Preference for fast food 124
Low 15 (12.1)
Medium 70 (56.5)
High 33 (26.6)
Very high 6 (4.8)

Preference for greasy food 124
Low 5 (4.0)
Medium 21 (16.9)
High 70 (56.5)
Very high 28 (22.6)

Preference for eating outside the home 124
Low 11 (8.9)
Medium 17 (13.7)
High 44 (35.5)
Very high 52 (41.9)

Watching television while eating 111
Rarely 15 (13.5)
Sometimes 17 (15.3)
Often 41 (36.9)
Always 38 (34.2)

Level of bulimia 124
Low 7 (5.6)
Medium 23 (18.5)
High 80 (64.5)
Very high 14 (11.3)

Level of impulsive eating 123
Low 7 (5.7)

(continued )

Table 1

(continued).

Behavioral characteristics Patient N Data
∗

Medium 36 (29.3)
High 57 (46.3)
Very high 23 (18.7)

Level of restrained eating 119
Low 49 (41.2)
Medium 47 (39.5)
High 14 (11.8)
Very high 9 (7.6)

Level of emotional eating 122
Low 8 (6.6)
Medium 30 (24.6)
High 42 (34.4)
Very high 42 (34.4)

Number of obese family members 122
0 33 (30.0)
1 33 (30.0)
2 32 (29.1)
≥ 3 12 (10.9)

∗
The data are presented in the form of mean±SD or n (%).
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and fat weight on their first prescription with muscle and fat
weight on their final prescription within the study period. The
data are also shown in Figure 2B. Weight loss was significant
both in muscle and fat when comparing baseline and follow-up
weights (P< .001 for both).Muscle weight loss was –1.9±5.4kg,
while fat weight loss was –3.5±3.0kg, and fat weight loss was
significantly greater than muscle weight loss (P= .02) (Fig. 2B). In
percentages, muscle weight loss (SD) was –3.6±29.7%, while fat
weight loss (SD) was –11.1±10.5% and the percentage of fat
weight loss was significantly larger than the percentage of muscle
weight loss (P= .03) (Fig. 2C).

3.3. Analysis of predictive factors for the effect of
liraglutide

We analyzed whether there were factors that could predict the
effects of liraglutide for patients.

3.3.1. Weight loss according to baseline BMI, age, sex, and
HbA1c level.Weight loss was evident regardless of baseline BMI.
No significant correlation was observed between BMI and final
weight loss (%) (R2= .001, P= .58). Patients with 27�BMI<30
did not show significantly different weight loss when compared
with the 30�BMI<33 group and the BMI ≥ 33 group (P= .72).
Next, we examined age, sex, and HbA1c levels. Age and weight
loss (%) had no significant correlation (R2< .001, P= .90), and
there was no significant difference in weight loss between age
groups (P= .96). Men and women did not show a significant
difference in weight loss (%) (P= .76). Groups with different
HbA1c levels (HbA1c up to 5.6, over 5.6–6.4, over 6.4) did not
show significant differences in weight loss (%) (P> .99). Thus,
weight loss with liraglutide was evident regardless of age, sex, or
diabetes risk level. The data are described in Table 3.

3.3.2. Early responders. Previous studies defined early respond-
ers as those achievingweight loss of≥5%after 16weeks, including
dose escalation.[17] Early weight loss with liraglutide 3.0mg is
known to predict clinically meaningful weight loss at 56weeks.[18]

We checked whether early response with different criteria could
predict future weight loss (%) by determining the correlation of



Figure 2. (A) Weight loss (%) according to the duration of liraglutide treatment. Longer use of liraglutide significantly reduced body weight. Linear regression
analysis was performed. (B) Change in muscle weight and fat weight by kg (B) and percentage (C). During liraglutide treatment, fat mass was significantly more
reduced compared with muscle mass. Error bars represent±SD. Student t-tests were performed.

Park et al. Medicine (2021) 100:2 www.md-journal.com
weight loss 30 days after the first visit with weight loss 60 days, 90
days, and 180 days after the first prescription. Correlation of %
weight loss was observed between 30 and 60 days (R2= .38,
P< .001) but not between 30 and 90 days (R2= .09, P= .25) or 30
and 180 days (R2= .17, P= .09). Among patients who received
3.0mg liraglutide, we also observed a correlation between weight
loss60daysafter thefirst visit andweight loss90daysand180days
after the first visit. There was a correlation of % weight loss
between 60 and 90 days (R2= .36, P< .001) but not between
5

60 and 180 days (R2= .04, P= .22). In addition, patients who
achieved weight loss of ≥5% at 30 days did not show significantly
more weight loss at 180 days than nonearly responders even when
HbA1c levels or BMI levels were considered (P= .70 and P= .33,
respectively). Patients that had weight loss of ≥5% at 60 days also
did not show significantly more weight loss at 180 days than
nonearly responders, even when HbA1c levels or BMI levels were
considered (P= .56 and P= .40, respectively). Thus, in our study,
early response, defined asweight loss evident after either 30days or

http://www.md-journal.com


Table 2

Change in body weight during the treatment periods.

30 d 60 d 90 d 180 d P-value Overall

Patients (number)
∗

67 111 53 51 169
Weight loss, kg† 3.2±1.8 4.5±2.3 6.3±2.6 7.8±3.5 <.001 5.5±3.4
Weight loss, %† 3.8±2.1 5.3±2.6 7.5±2.9 9.1±3.6 <.001 6.5±3.8
Patients (number)

∗
67 111 53 51 169

R2 of correlation with weight loss at 30 d‡ .38 .09 .17
P value of correlation with weight loss at 30 d‡ <.001 .25 .09
R2 of correlation with weight loss at 60 d‡ .36 .04
P value of correlation with weight loss at 60 d‡ <.001 .22
Over 5% weight loss, n (%) 18 (26.9) 61 (55.0) 45 (84.9) 44 (86.0) 105 (62.1)
Over 10% weight loss, n (%) 1 (1.0) 4 (3.6) 9 (17.0) 21 (41.2) 29 (17.2)
∗
Patients (number) indicates the number of patients who had their body checked by ACCUNIQ BC380 at that time point.

† Repeated measured analysis of variance was performed. Data are presented in the form of mean±SD.
‡ Linear regression analysis was performed.
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60 days, cannot predict also weight loss at 180 days. The data are
described in Table 2.

3.3.3. Behavioral characteristics. Finally, we analyzed the
effects of behavioral factors on weight loss based on question-
naire data. No significant difference in weight loss was observed
related to smoking status or coffee, water, or soft drink intake
(P= .69, P= .24, P= .98, P= .31, respectively). Those who
consumed alcohol showed less but not significant weight loss,
with a mean weight loss of 5.9% for alcohol drinkers and 7.1%
for nondrinkers. (P= .08). Weight loss (%) also did not
significantly differ according to body image concerns (P= .48).
As for eating patterns, no significant effect was observed

according to preference for fast food or greasy food (P= .23,
P= .46, respectively). Additionally, eating environment factors,
such as preference for eating outside home and watching
television while eating, did not significantly change weight loss
(P= .36, P= .40, respectively). The levels of bulimia, impulsive
eating, restrained eating, and emotional eating and the number of
obese family members also did not significantly affect weight loss
(P= .65, P= .15, P= .63, P= .33, P= .41, respectively). Posthoc
Table 3

Weight loss according to physical characteristics.

Patients (N) Weight loss (%)† P-value

Age .96
∗

<30 17 6.8±3.7
30–39 60 6.2±3.6
40–49 59 6.6±3.7
50–59 27 6.7±2.8
60� 6 7.2±3.4

Sex .76
∗

Male 71 6.6±3.8
Female 98 6.4±3.9

Baseline BMI .72
∗

27 � BMI <30 89 6.7±3.5
30 � BMI <33 46 6.2±4.1
33 � BMI 34 6.4±4.3

Baseline HbA1c >.99
∗

HbA1c � 5.6% 82 6.5±3.8
5.7% � HbA1c � 6.4% 52 6.4±3.7
6.5% � HbA1c 15 6.6±3.3

∗
Student t-test was performed.

†Weight loss data are all presented in the form of mean±SD.
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analysis showed no significant difference between groups for all
behavioral factors stated above. Those who ate breakfast more
frequently showed a trend of less weight loss, with a mean of
8.5%, 6.1%, 6.1%, and 5.8% for patients with low, medium,
high, and very high frequencies of breakfast, respectively (P= .07,
post trend analysis P= .01); the data are described in Table 4.
4. Discussion

This is the first study of Asian populations based on real-world
data for liraglutide 3.0mg, prescribed to overweight and obese
South Korean patients. The average weight loss±SDwas 3.8%±
2.1 at 30 days after treatment initiation (n=67), 5.3%±2.6 at 60
days (n=111), 7.5%±2.9 at 90 days (n=53), and 9.1%±3.6 at
180 days (n=51). The average follow-up days were 73.7 days,
and the total study period was a year.
With respect to other studies, a randomized controlled trial, a

Spanish real-world data study, and a Canadian real-world data
study reported percentages of patients with ≥5% weight loss of
63.2%, 64.7%, and 64.1% and percentages of patients who
achieved ≥10% weight loss of 33.1%, 20.0%, and 34.5%,
respectively.[10,12,19] In our study, 61.54% and 17.16% of
subjects showed ≥5% and ≥10% body weight reduction,
respectively, at their final visit within our study period. Thus,
weight loss was evident in real-world South Korean populations
as well, which is consistent with clinical trial settings and real-
world Western data.
In this study, the baseline average BMI±SD was 30.8±3.5kg/

m2, which was lower than that in previous studies of liraglutide
for Western obese populations, which had an average BMI over
38.[10–12] However, the data about the effect of liraglutide in
slightly obese patients, such as those with obesity class I (BMI
30.0 – 34.9) and overweight (BMI 25.0–29.9), were not clearly
defined. In Asian populations, people with relatively lower BMI
values can be obese; thus, the international classification of
obesity defines BMI ≥ 25 as obese for Asian populations.[20] We
found that those with 27�BMI<30, 30�BMI<33, and 33 �
BMI achieved statistically similar weight loss (6.7%, 6.2%, and
6.4%, respectively). Thus, this study shows that weight loss was
still evident in real-world data despite the lower BMI criteria for
Asian populations.
The observed weight loss in fat mass was conspicuously larger

than that observed in muscle mass. We excluded the data
collected within 30 days, as factors such as partial dehydration



Table 4

Weight loss according to behavioral characteristics.

Patients N Weight loss (%)x P-value

Smoking
∗

.69
Smoker 24 6.6±4.2
Nonsmoker 101 6.3±3.7

Alcohol
∗

.08
Drinker 76 5.9±3.6
Nondrinker 51 7.1±4.0

Coffee‡ .24
<1 cup 43 5.6±3.5
2–4 cup 71 6.6±4.0
≥ 5 cups 8 7.2±3.8

Daily water intake
∗

.98
<1 L 56 6.3±3.8
>1 L 67 6.4±3.9

Soft drinks
∗

.31
Nonpreferred 73 6.1±3.6
Preferred 18 7.1±4.8

Body image concern‡ .48
Low 34 6.5±3.6
Medium 3 12.1±7.8
High 36 5.9±3.7
Very high 46 6.4±3.7

Frequency of breakfast† .07
Low 19 8.5±4.9
Medium 25 6.1±3.0
High 34 6.1±3.8
Very high 45 5.8±3.6

Preference for fast food‡ .23
Low 15 6.2±3.4
Medium 70 6.5±3.8
High 33 5.5±3.7
Very high 6 9.7±5.0

Preference for greasy food† .46
Low 5 6.6±4.9
Medium 21 6.1±3.3
High 70 6.0±3.5
Very high 28 7.4±4.7

Preference for eating outside† .36
Low 11 7.6±4.5
Medium 17 6.4±3.5
High 44 5.6±3.8
Very high 52 6.7±3.8

Watching television while eating‡ .40
Rarely 15 8.3±4.7
Sometimes 17 6.4±4.1
Often 41 5.8±3.8
Always 38 6.3±3.4

Level of bulimia† .65
Low 7 8.1±3.6
Medium 23 6.2±3.4
High 80 6.3±4.0
Very High 14 6.4±3.3

Level of impulsive eating‡ .15
Low 7 9.4±3.8
Medium 36 5.7±4.0
High 57 6.6±3.8
Very high 23 5.9±3.4

Level of restrained eating‡ .63
Low 49 5.9±3.7
Medium 47 6.9±4.1
High 14 6.7±4.0
Very high 9 6.2±3.6

Level of emotional eating† .33

(continued )

Table 4

(continued).

Patients N Weight loss (%)x P-value

Low 8 6.3±2.6
Medium 30 6.1±3.3
High 42 5.7±3.9
Very high 42 7.2±4.3

Number of obese family members‡ .41
0 33 6.8±4.7
1 33 7.0±3.7
2 32 5.4±3.6
≥ 3 12 6.4±2.6

∗
Student t-test was performed.

† Analysis of variance was performed.
‡ Kruskal-Wallis test was performed.
xWeight loss data are all presented in the form of mean±SD.
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due to decreased food consumption could cause unnecessary
noise.[21] Notably, the mean fat weight loss was significantly
greater than muscle weight loss (P= .02). Previous studies in
Japanese patients also reported that liraglutide treatment with a
dose of 0.9mg reduced body fat (–10.9%) but did not
significantly change skeletal muscle mass.[22] For Italian
populations prescribed liraglutide at a dose of 3.0mg, no
significant difference was observed in relative skeletal muscle
mass (+0.07%), whereas a significant decrease in fat mass was
observed (–1.45%).[23] However, the decrease in skeletal muscle
mass in our study may have occurred due to relatively higher
weight loss in our study and less encouraging exercise during
treatment periods than clinical trials.
As for predictive factors for weight loss via liraglutide, no

statistically significant factor was found in this study. Age, sex,
initial BMI, HbA1c level, and lifestyle were not significantly
associated with final weight loss. Liraglutide was first introduced
as an antidiabetic medication, as weight reduction leads to the
delay of diabetes.[24] The effect of liraglutide on the population
without diabetes was a problem of concern. In this study, groups
with HbA1c � 5.6%, 5.7% � HbA1c � 6.4%, 6.5% � HbA1c
showed no significant difference in the percentage of weight loss
(6.5%, 6.4%, 6.6%, respectively, P> .99). Behavioral factors
also did not significantly affect final weight loss (%). Therefore,
the effect of liraglutide seems to be robust regardless of
differences in physical or behavioral factors.
Because of the high cost of liraglutide treatment, an early

predictive factor for the effect of liraglutide is required in a real-
world setting. However, early response indices, such as weight
loss in re-prescription dates within 30-days and 60-days after the
first prescription, were not significant for predicting 180-day
weight loss in our study. Previous studies have shown that ≥4%
weight loss after 16 weeks of liraglutide treatment can strongly
predict clinically meaningful weight loss at 56 weeks.[18] In this
study, we also found that those with weight loss over 5% at 30-
days and 60-days showed significantly higher final weight loss
during the study period than those with weight loss not more than
5% (P< .001) (Sup 2A, 2B, http://links.lww.com/MD/F494).
However, higher compliance of earlier responders may account
for these findings. Prospective studies to find early predictive
factors are needed.
Alcohol consumers showed a trend of achieving less weight loss

compared with those who did not drink alcohol (P= .08). We can
assume that patients can be informed that restriction of alcohol

http://links.lww.com/MD/F494
http://www.md-journal.com
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drinking may be helpful in weight loss during liraglutide
treatment, although GLP-1 analogs are known to decrease
alcohol intake and reduce the activation of the nervous system by
alcohol.[25] However, there are limits to what we can conclude, as
we did not inquire about the type and amount of alcohol
consumed by each patient or the drinking behavior during
treatment.
We also observed that there were more patients with a higher

frequency of eating breakfast, and there was a trend in which
those who had a higher frequency of eating breakfast showed
lower weight loss (P= .07, post trend analysis P= .01). In this
study, the patients were recommended to inject their liraglutide
dose in the morning. The elimination half-life of liraglutide 3.0
mg is 13hours, and liraglutide can reach a plateau with once-
daily subcutaneous administration at a dose of 3.0mg.[9,26] One
possible explanation is that our study period may have been too
short for patients to reach this plateau, and therefore the ability to
control the amount or frequency of breakfast may have
decreased. However, the effect of liraglutide tended to be greater
in patients who skipped breakfast. Further research is needed to
determine the effect of limiting breakfast during liraglutide
treatment, such as combining liraglutide with time-restricted
eating.
Our study has some limitations. First, patients were recom-

mended to visit the clinic once a month and reach a dose of 3.0
mg, but as this was a real-world environment,[27] the prescription
was not always exactly followed, and we cannot confirm that the
3.0mg dose was always initiated at the planned date. However,
our study was performed in a single clinic, with relative
consistency in treating and educating patients. Second, there
were missing data at the 30-, 60-, 90-, and 180-day time points. In
our study, the number of patients who visited for 60 days was
greater than 30 days. This was because we prescribed 5
liraglutide pens (1 box) to our patients at the first visit, and
some patients did not come to the 30-day check-up because they
had leftover doses, and came back for re-prescription after 60
days. To consider the effects of missing data, we performed
generalized linear model analysis. Third, we did not know the
exact final weight because patients were weighed on the day that
they were last prescribed liraglutide. Fourth, some of the patients
had not yet reached the 180-day follow-up within our study
period because several patients started treatment relatively
recently. The study period began the first year after liraglutide
was introduced as an antiobesity drug. Further studies with
longer-term data collection after treatment initiation are needed.
Also, those who had other diseases or were prescribed other
drugs were not completely tracked. However, during the study
periods, combination of other antiobesity drugs or supplements
was prohibited by the doctors. Finally, this was a retrospective
study in a real-world situation; therefore, questionnaires for
behavioral data were not developed for clinical study purposes,
so the validation of questionnaires was limited. Data regarding
changes in behavioral characteristics during the study period
were not collected, and adverse effects were also not examined.
(Suppfig, http://links.lww.com/MD/F494).
In conclusion, liraglutide treatment led to meaningful weight

loss in real-world South Korean patients. This study showed that
liraglutide can have a positive effect in Asian populations, with
patients with relatively small BMI and patients with low HbA1c
levels showing no significant difference with patients with
relatively high BMI and patients with high HbA1c levels,
respectively. A significantly greater weight loss in fat mass than
8

muscle mass was also observed, which may imply a positive
metabolic effect. Furthermore, longer treatment with liraglutide
showed greater clinical effectiveness.
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