
Hepşen et al. 
European Journal of Medical Research          (2025) 30:956  
https://doi.org/10.1186/s40001-025-02836-5

RESEARCH

Comprehensive analysis of real‑world 
data on liraglutide treatment in patients 
with obesity: a multicenter national study
Sema Hepşen1*   , Cem Haymana2, Burçak Cavnar Helvacı1, Halil Durantaş1, Bora Toros2, Ramazan Çakmak3, 
Mehmet Güven4, İbrahim Demirci5, Lezan Keskin6, Sinem Kıyıcı7, Zehra Yağmur Şahin Alak7, Mehmet Sargın8, 
Gonca Tamer9, Damla Balcı9, Berna İmge Aydoğan5, Arzu Or Koca10, Mustafa Aydemir11, İlhan Tarkun12, 
Pınar Köksal13, Ayten Oğuz14, Eda Demir Önal15, Süleyman Baldane16, Muhammed Kızılgül1,36, 
Erman Çakal1, Bekir Çakır17, Şefika Burçak Polat17, İlhan Yetkin18, Emre Bozkırlı19, Gülsüm Karaahmetli17, 
Sevgül Fakı17, Narimana Imanova Yaghji20, Ayşin Öge21, Burak Özbaş10, Şenay Topsakal22, Sevde Nur Fırat23, 
Hayri Bostan24, Barış Karagün25, Okan Sefa Bakıner25, Ayşe Kargılı Çarlıoğlu34, Bahri Evren26, Kader Uğur27, 
Faruk Kılınç27, Adnan Batman28, Selin Çakmak Demir28, Dilek Yazıcı28, Oğuzhan Deyneli28, Metin Arslan18, 
Omercan Topaloğlu29, Kübra Kocatepe29, Kemal Karagözoğlu29, Sakin Tekin29, Taner Bayraktaroğlu29, 
Sibel Ertek Yalçın34, Ayşe Kubat Üzüm30, Gökçem Yalın Kocamaz31, Mehtap Şahin31, Yusuf Aydın35, 
Mustafa Kutlu34, Tevfik Sabuncu32, Mustafa Cesur5, Volkan Demirhan Yumuk33, Fahri Bayram31 and 
Alper Sönmez5 

Abstract 

Background  The study aimed to evaluate real-world data on liraglutide by assessing its efficacy, associated side 
effects, adverse events, and impact on metabolic parameters within the context of a multicenter national study.

Methods  This retrospective observational study analyzed data from 1009 patients across 38 endocrinology units 
from Türkiye. Patients with a history of bariatric surgery, those who started orlistat concurrently with liraglutide, 
and one patient who developed pancreatitis on the 15th day of treatment were excluded from the analyses of weight 
and laboratory changes.

Results  At least one side effect was observed in 48% of the patients, with nausea and vomiting being the most 
common. The most frequent reason for discontinuing treatment was the cost of the medication (42.6%). The median 
duration of liraglutide use was 4 months (IQR; 3–6), and the median dose was 2.4 mg (IQR; 1.8–3). Among the entire 
cohort, 76.4% and 40.9% of patients achieved a 5% and 10% weight loss target, respectively. Significant reductions 
were observed in metabolic parameters during the treatment. The treatment duration was identified as an inde-
pendent predictor for achieving 5% and 10% weight loss targets (B = 0.315, p < 0.001) and 10% weight loss (B = 0.216, 
p < 0.001).
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Introduction
The global burden of obesity, along with its related 
comorbidities and mortality, highlights its priority as a 
major public health issue worldwide. The World Health 
Organization (WHO) reports a global adult obesity prev-
alence of 16% and projects a significant increase in the 
coming years [1]. Adult obesity prevalence is also rising 
rapidly across Europe, with Türkiye having the highest 
rate in the region at nearly 30%, according to WHO data 
[2, 3].

The current guidelines recommend pharmacother-
apy, along with lifestyle changes, for managing obesity 
in patients with a body mass index (BMI) of ≥ 30 kg/m2 
or a BMI of ≥ 27 kg/m2 with at least one obesity-related 
comorbidity [4]. Glucagon-like peptide-1 (GLP-1) ana-
logues are incretin-based treatment options that reduce 
appetite and increase satiety [4]. These agents also act 
by stimulating insulin secretion, decreasing glucagon 
release, and slowing gastric motility [5]. Liraglutide is still 
a commonly used GLP-1 analogue in obesity treatment, 
with 97% homology to human GLP-1 [6]. Liraglutide, at 
a daily dose of 3.0  mg, was approved for obesity treat-
ment, starting at 0.6 mg per day and increasing by 0.6 mg 
weekly until reaching the maximum dose of 3.0 mg [7].

Randomized clinical trials have found that 3.0  mg of 
liraglutide treatment, when used as an adjunct to lifestyle 
modifications, is safe and effective in achieving 5% and 
10% weight loss, which is considered a treatment success 
for an obesity drug [7, 8]. In addition, it has been associ-
ated with metabolic improvements, reduced cardiovas-
cular risk factors, improved quality of life, and enhanced 
physical function [7, 9]. Real-world studies across several 
populations also confirmed the effectiveness of liraglu-
tide when combined with diet and exercise [10–12].

Despite several real-life interventions across different 
populations and a few small-sample studies from Türkiye 
to the best of our knowledge, no large-scale multicenter 
real-world study has been conducted in the country. This 
multicenter study from Türkiye aims to evaluate the clini-
cal effectiveness of liraglutide in patients with overweight 
and obesity by examining weight management, metabolic 
changes, adverse effects, and reasons for drug discon-
tinuation, in order to highlight the clinical and potential 
policy-level relevance of real-world evidence in obesity 
pharmacotherapy.

Materials and methods
Study design
This retrospective observational study involved patients 
obtained from 38 endocrinology units in 18 different 
cities throughout Türkiye. The study was approved by 
the Ethics Committee of Ankara Etlik City Hospital in 
accordance with the principles of the Helsinki Declara-
tion. Institutional consent was obtained from all partici-
pating hospitals and clinics for the use of patient data.

Study population
Patients aged ≥ 18  years with a BMI ≥ 30  kg/m2, or a 
BMI ≥ 27 kg/m2 with at least one weight-related comor-
bidity (such as hypertension, prediabetes, type 2 diabetes 
mellitus (DM), or dyslipidemia), who initiated liraglu-
tide treatment between January 2020 and October 2023, 
were evaluated for inclusion in the study. Consecutive 
patients who continued liraglutide treatment for at least 
one month and had at least one follow-up visit during 
the treatment period were enrolled in the study. Patients 
who previously used liraglutide, initiated orlistat concur-
rently with liraglutide, or undergone bariatric surgery or 
endoscopic bariatric procedures in the last 2 years were 
excluded.

A total of 1009 eligible patients were enrolled in the 
entire cohort. Baseline characteristics, adverse effects, 
and reasons for liraglutide discontinuation were evalu-
ated within this group. The data of one patient who was 
diagnosed with acute pancreatitis on the 15th day of 
liraglutide treatment were excluded from further longi-
tudinal analysis. Patients who had initiated orlistat prior 
to liraglutide treatment and continued its use during 
the treatment period, as well as those who had under-
gone bariatric surgery more than two years earlier, were 
separated from the entire cohort. After removing these 
patients, the remaining 860 patients were referred to 
as the liraglutide alone group. The primary outcomes, 
including changes in body weight and laboratory param-
eters, were assessed in these 860 patients. Two sub-
groups—the orlistat plus liraglutide group and the 
bariatric surgery group—were included in the compara-
tive analyses with the liraglutide alone group. A flowchart 
illustrating the liraglutide alone group and subgroups is 
presented in Fig. 1.

Conclusions  Liraglutide effectively results in clinically significant weight loss, achieves expected weight loss targets, 
and improves metabolic parameters in real-world clinical practice. Therefore, liraglutide is still a reasonable GLP-1 ana-
logue in the obesity treatment. However, it may be associated with various side effects, necessitating close monitor-
ing by clinicians.

Keywords  GLP-1 analogue, Liraglutide, Obesity, Overweight
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Baseline data source
Baseline characteristics, including age, gender, comorbid-
ities, chronic drug use, education, income status, alcohol 
consumption, smoking, dietitian support and exercise 
adherence, and baseline blood pressure measurements 
were recorded from patient records. The maximum dose 
and total duration of liraglutide treatment, the number of 
doctor visits during treatment, adverse effects, and rea-
sons for drug discontinuation were documented. Missing 
data on these topics were completed by contacting avail-
able patients via phone call.

Patients were questioned about their diet and exercise 
status during the liraglutide treatment. Dietitian support 
was defined as having consulted a dietitian and adhering 
to personalized recommendations during the treatment 
period, while exercise adherence was defined as engaging 
in at least 30  min of physical activity on a minimum of 
two days per week.

Body weight and laboratory parameters
The initial body weight and BMI were recorded from hos-
pital records. Follow-up body weight data at the  1 st, 3rd, 
6th, and 12th months of treatment were also obtained 
from the patient records, provided that the patient 
adhered to treatment up to these time points.

Laboratory parameters, including fasting plasma glu-
cose (FPG), HbA1c, serum lipids, creatinine, and ala-
nine aminotransferase (ALT) levels, were attained from 
hospital records at baseline and at the 3rd, 6th, and 12th 

months of the treatment when available. Metabolic dys-
function-associated steatotic liver disease (MASLD) was 
evaluated using the Fibrosis-4 (FIB-4) index, calculated 
with the following formula: Age (years) * AST (U/L)/
[Platelet count (10^9/L) * √ALT (U/L)] [13].

Outcomes
The primary outcome of the study was the change in 
body weight from baseline to the endpoints at the  1 st, 
3rd, 6th, and 12th months, as well as the proportion of 
patients who achieved 5% and 10% weight loss overall 
and at these specific time points. The predictive param-
eters for achieving overall 5% and 10% weight loss were 
also examined. Secondary outcomes included changes in 
laboratory parameters from baseline to the 3rd, 6th, and 
12th months.

Subgroups
Comparative analyses were conducted between the lira-
glutide alone group and two other subgroups—patients 
using orlistat plus liraglutide, and those with a history 
of bariatric surgery. Within the liraglutide alone group, 
comparisons were performed between patients with 
and without type 2 DM. Patients in the liraglutide alone 
group were also analyzed according to age groups: under 
40 years, 40 to 64 years, and 65 years and older. Another 
comparison was performed according to obesity class, 
defined as follows: BMI of 25.0 to 29.9 as overweight, 
BMI of 30.0 to 34.9 as class 1 obesity, BMI of 35.0 to 39.9 

Fig. 1  The flow chart of patients in the liraglutide group and subgroups
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as class 2 obesity, and BMI equal to or greater than 40.0 
as class 3 obesity [14].

Statistical analysis
Normal distribution of the variables was assessed using 
the Kolmogorov–Smirnov and Shapiro–Wilk tests. Cat-
egorical variables were compared using the Chi-square 
test or Fisher’s exact test when Chi-square assumptions 
were violated due to low expected cell counts. Changes 
in the body weight and laboratory parameters from base-
line to the  1 st, 3rd, 6th, and 12th months were analyzed 
using the Friedman test. Post-hoc pairwise comparisons 
were conducted with the Wilcoxon test, applying Bon-
ferroni correction to adjust for multiple comparisons 
among these endpoints. Subgroup comparisons by age 
and obesity class were made using the Kruskal–Wal-
lis test, while the Mann–Whitney U test was used for 
other two-group comparisons of nonparametric variables 
within the subgroup analysis. The Chi-square test was 
employed to compare the achievement of 5% and 10% 
weight loss across all subgroups. Categorical variables 
were presented as numbers and percentages, normally 
distributed variables as means ± standard deviations, 
and non-normally distributed variables as medians and 
interquartile ranges (IQR) (25–75). Univariate analysis 
was conducted to identify potential factors for inclusion 
in the multivariable logistic regression analyses to deter-
mine the final predictive factors for 5% and 10% weight 
loss. For all tests, p-values less than 0.05 were considered 
statistically significant.

Results
Study population and baseline characteristics
The mean age of the entire cohort was 43 ± 12 years, with 
a median BMI of 37 (IQR 33.3–41.8) kg/m2. Out of the 
1009 patients, 788 (78.1%) were female. Among the 860 
patients in the liraglutide alone group, the mean age was 
43 ± 12 years, the median BMI was 36.7 kg/m2 (IQR 33.2–
41.3), and 673 (78.3%) were female. The general charac-
teristics, obesity category, dietitian support, and exercise 
adherence, comorbidities, and baseline blood pressure 
measurements of all patients and those in the liraglutide 
alone group are detailed in Table 1.

Adverse effects and the reasons for discontinuation
At least one side effect was observed in 484 (48%) of the 
1,009 patients. The most common side effect of liraglu-
tide was nausea and vomiting, observed in 391 (38.8%) of 
the patients. The most common reason for discontinuing 
was the cost of drug, with 430 (42.6%) patients citing this 
reason, followed by intolerance due to gastrointestinal 
side effects in 231 (22.9%) patients, and loss of motivation 
in 191 (18.9%) patients. The side effects experienced by 

the patients and the reasons for discontinuing treatment 
are shown in Table 2.

The details related to liraglutide treatment
The median duration of liraglutide use in the liraglutide 
alone group was 4  months (IQR 3–6), with a median 
liraglutide dose of 2.4  mg (IQR 1.8–3). In this group, 
338 (33.5%) used the maximum dose of 3.0  mg/day. In 
addition, 219 (21.7%) patients used a maximum dose 
of 2.4 mg/day, 218 (21.6%) patients used 1.8 mg/day, 66 
(6.5%) patients used 1.2  mg/day, and 19 (1.9%) patients 
used a dose of 0.6  mg/day. The median duration main-
tained at the maximum dose of 3  mg/day was 60  days 
(IQR 30–120). During liraglutide treatment, the median 
number of doctor follow-up visits was 2 (IQR 1–4).

Change in body weight
Liraglutide resulted in significant weight loss in the lira-
glutide alone group from baseline to the  1 st, 3rd, 6th, 
and 12th months (p < 0.001). The median body weight 
change was –4 kg (IQR –6, –3) at the first month, –7.5 kg 
(IQR –11, –5) at the 3rd month, –11 kg (IQR –15.8, –7) 
at the 6th month, and –13.5 kg (IQR –19, –9) at the 12th 
month from baseline (p < 0.001). Among the 860 patients, 
body weight data were available for 633 at the  1 st month, 
651 at the 3rd month, 310 at the 6th month, and 103 at 
the 12th month. In the entire cohort, 76.4% of patients 
achieved a ≥ 5% weight loss, while 40.9% achieved a ≥ 10% 
weight loss during liraglutide treatment. Of these, 40.1%, 
75.1%, 88.7%, and 95.1% achieved a weight loss of ≥ 5% at 
the  1 st, 3rd, 6th, and 12th months of treatment, respec-
tively. Similarly, 4.1%, 31.6%, 61.6%, and 73% of the 
patients attained ≥ 10% weight loss at the  1 st, 3rd, 6th, 
and 12th months. Figure 2 illustrates the absolute weight 
changes and the proportions of weight loss among the 
patients.

Change in laboratory parameters and FIB‑4 index
A significant difference was observed during liraglutide 
treatment in FPG, HbA1C, total cholesterol, low-density 
lipoprotein cholesterol (LDL-C), high-density lipoprotein 
cholesterol (HDL-C), triglyceride, and ALT levels in the 
liraglutide alone group (Table 3). In the post-hoc analy-
sis, FPG and HbA1C levels were significantly reduced 
when comparing changes from baseline to the 3rd, 6th, 
and 12th months (p < 0.001 for each). Significant decrease 
in LDL-C and triglyceride levels were observed between 
baseline and the 3rd, 6th, and 12th months (p < 0.001, 
p < 0.001, and p = 0.01, respectively). In addition, the total 
cholesterol levels showed a significant reduction when 
comparing baseline to the 3rd and 6th months of treat-
ment (p < 0.001 for each), but this difference was not sig-
nificant between baseline and the 12th month (p = 0.024). 
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No difference was observed in the post-hoc analysis in 
HDL-C level. ALT levels were also found to be reduced 
at the 3rd, 6th, and 12th months as compared to baseline 

(p < 0.001, p < 0.001, and p = 0.005, respectively). There 
was no change in the FIB-4 index at the specific endpoint 
during liraglutide treatment (p > 0.05 for each).

Table 1  Basal characteristics, comorbidities, and blood pressure measurements of the patients

BMI Body mass index

Parametric data were presented as mean ± SD, while nonparametric data were presented as median and IQR (25–75).

All patients Liraglutide alone group

Number 1009 860

Age (years) 43 ± 12 43 ± 12

Sex (female), n (%) 788 (78.1) 673 (78.3)

Baseline body weight (kg) 101 (90–116) 100 (89–115)

BMI (kg/m2) 37 (33.3–41.8) 36.7 (33.2–41.3)

Dietitian support, n (%) 541 (53.7) 459 (53.4)

Adherence to exercise, n (%) 422 (42) 361 (42)

Obesity category, n (%)
 Overweight 66 (6.5) 60 (7)

 Class 1 obesity 306 (30.4) 269 (31.3)

 Class 2 obesity 305 (30.3) 266 (30.9)

 Class 3 obesity 331 (32.8) 265 (30.8)

Education status, n (%)
 Illiterate 6 (0.6) 5 (0.6)

 Primary School 133 (13.2) 105 (12.2)

 High School 319 (31.6) 271 (31.5)

 Bachelor’s Degree 436 (43.2) 380 (44.2)

 Master’s Degree 115 (11.4) 99 (11.5)

Smoking status, n (%)
 Non-smoker 673 (66.7) 570 (66.3)

 Ex-smoker 98 (9.7) 82 (9.5)

 Current smoker 238 (23.6) 208 (24.2)

Alcohol consumption, n (%)
 Abstainer 791 (78.4) 678 (78.8)

 Occasional drinker 196 (19.4) 161 (18.7)

 Frequent drinker 22 (2.2) 21 (2.4)

Income status, n (%)
 Has enough money to meet basic needs but cannot save 282 (27.9) 247 (28.7)

 Has enough money to meet basic needs and can save a very small amount 435 (43.1) 364 (42.3)

 Has enough money to meet basic needs and can save a good amount 232 (23) 191 (22.2)

 Unknown 60 (5.9) 58 (6.7)

Comorbidities, n (%)
 Diabetes mellitus 148 (14.7) 131 (15.2)

 Prediabetes 327 (32.4) 280 (32.6)

 Hypertension 260 (25.8) 222 (25.8)

 Dyslipidemia 664 (65.8) 596 (66.2)

 Atherosclerotic cardiovascular disease 48 (4.8) 40 (4.7)

 Heart failure 20 (2) 14 (1.6)

 Hepatosteatosis 258 (25.6) 217 (25.2)

Obstructive sleep apnea 57 (5.6) 45 (5.2)

Blood pressure measurements
 Systolic (mmHg) 120 (110–130) 120 (110–130)

 Diastolic (mmHg) 80 (70–82) 80 (70–82)
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Comparison between the orlistat plus liraglutide group 
versus liraglutide alone group
The median dose of liraglutide was 2.4  mg (IQR 1.8–3) 
in the liraglutide alone group and 3.0 mg (IQR 1.8–3) in 
the orlistat plus liraglutide group (p = 0.02). The duration 
of treatment was similar between the groups (p = 0.221). 
The proportions of patients achieving 5% and 10% weight 
loss during treatment were 88% and 53% in the orlistat 

plus liraglutide group, respectively, which were higher 
than those in the liraglutide alone group (p = 0.001 and 
p = 0.007, respectively). When the differences among 
each endpoints analyzed, the proportions of patients 
achieving 5% and 10% weight loss were significantly 
higher in the orlistat plus liraglutide group at the end 
of the first month of treatment (p < 0.001 and p = 0.028, 
respectively). However, this significant difference did 
not persist at the 3rd, 6th, and 12th months (p > 0.05 for 
each).

Comparison between the patients with and without 
bariatric surgery
The median dose and duration of liraglutide treatment 
were similar between the groups (p = 0.460, p = 0.988, 
respectively). Additionally, the proportions of patients 
achieving 5% and 10% weight loss overall, as well as at the  
1 st, 3rd, 6th, and 12th months of treatment, were similar 
between the two groups (p > 0.05 for each).

Comparison between the patients with and without type 
2 DM
The data belonging to 131 patients with DM and 729 
patients without DM were compared. There was no sig-
nificant difference in the duration of total liraglutide 
treatment or the median dose of liraglutide between the 
two groups (p = 0.052, p = 0.649). No significant differ-
ence was observed in the proportions of achieving 5% and 
10% weight loss, either overall or at the  1 st, 3rd, 6th, and 
12th months of treatment (p > 0.05 for each). The median 
reduction in HbA1c levels among patients with DM was 
as follows: –0.4 (IQR –1.2, –0.1) at the 3rd month, –0.7 
(IQR –1.5, –0.2) at the 6th month, and –0.85 (IQR –1.7, 
–0.3) at the 12th month from baseline, respectively.

The impact of dietitian support and exercise adherence, 
age, and obesity class
There was no significant difference in the proportion of 
patients achieving 5% or 10% weight loss, either over-
all or at the  1 st, 3rd, 6th, and 12th months of treat-
ment, between those who received dietitian support and 
adhered to exercise recommendations (p > 0.05 for each).

When patients were categorized according to their 
age as < 40 years, 40–64 years, and ≥ 65 years, the num-
ber of patients in these groups were 340 (39.5%), 490 
(57%), and 30 (3.5%), respectively. The median dura-
tion of liraglutide treatment was 3  months (IQR 2–6), 
4  months (IQR 3–7), and 4  months (IQR 3–9) among 
these groups, respectively (p < 0.001). The median 
dose of liraglutide was 2.4  mg (IQR 1.8–3) in the < 40 
and 40–64 years age groups, and 1.8 mg (IQR 1.2–2.4) 

Table 2  Adverse events associated with liraglutide treatment 
and reasons for discontinuation (N = 1009)

N (%)

Adverse effects
 Gastrointestinal
  Nausea/vomiting 391 (38.8)

  Dyspepsia/abdominal pain 48 (4.8)

  Constipation 32 (3.2)

  Diarrhoea 26 (2.6)

  Elevated liver enzymes 7 (0.7)

  Change taste sensitivity 6 (0.6)

Dermatological
 Local allergic reaction 34 (3.4)

 Urticaria 6 (0.6)

Neuropsychiatric
 Headache 87 (8.6)

 Fatigue 18 (1.8)

 Unhappiness/depressive symptoms 13 (1.3)

Cardiac and metabolic
 Tachycardia 41 (4.1)

 Hypoglycaemia 2 (0.2)

 Menstrual irregularities 2 (0.2)

Reasons for discontinuation
 Cost 430 (42.6)

 Intolerance due to gastrointestinal side effects 231 (22.9)

 Loss of motivation 191 (18.9)

 Inability to achieve sufficient weight loss 144 (14.3)

 Difficulty with injections 84 (8.3)

 Fear of drug side effects 10 (1)

 Pregnancy planning 5 (0.5)

 Mood changes 5 (0.5)

 Urticaria 3 (0.3)

 Hallucinations 1 (0.1)

 Increased blood pressure 1 (0.1)

Seriously adverse events leading to discontinuation
 Elevated liver enzymes (more than fivefold increase) 3 (0.3)

 Increased lipase 3 (0.3)

 Cholecystitis 2 (0.2)

 Ileus 1 (0.1)

 Pancreatitis 1 (0.1)

 Diagnosis of malignancy (Rectal gastrointestinal stromal 
tumour)

1 (0.1)
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in the ≥ 65  years group (p < 0.001). No significant dif-
ference was observed among the age groups in the 
overall proportions achieving 5% and 10% weight loss 
(p = 0.430 and p = 0.556, respectively). The proportions 
achieving 5% and 10% weight loss at the  1 st, 3rd, 6th, 
and 12th months were also similar across the groups 
(p > 0.05 for each).

The median dose and duration of liraglutide 
were similar among the different obesity categories 
(p = 0.476 and p = 0.906, respectively). The median total 
weight loss was –5.5 kg (IQR –9, –3), –7 kg (IQR –12, 
–4.5), –8.5 kg (IQR –12, –5), and –10 kg (IQR –16, –5) 
in the overweight, class 1, class 2, and class 3 obesity 
groups, respectively (p < 0.001). However, there was no 
significant difference in the overall proportions achiev-
ing 5% and 10% weight loss from baseline to  1 st, 3rd, 
6th, and 12th months among the groups (p = 0.557 and 
p = 0.129, respectively).

The predictive parameters for achieving overall 5% 
and 10% weight loss in liraglutide alone group
Univariate analysis demonstrated a significant asso-
ciation between both liraglutide dose and treatment 
duration and achieving ≥ 5% (p < 0.001, R2 = 0.184; 
p < 0.001, R2 = 0.170, respectively) and 10% total weight 
loss (p < 0.001, R2 = 0.232; p < 0.001, R2 = 0.196, respec-
tively). However, age, gender, education status, baseline 
body weight, BMI, FPG, HbA1c, LDL, and triglyceride 
levels were not significantly associated with weight loss.

A multiple logistic regression analysis was performed 
to determine the independent predictive parameters for 
achieving overall 5% and 10% weight loss. In a model 
including age, gender, baseline body weight, the dose 
and duration of liraglutide treatment, only the duration 
of the treatment was found as an independent predic-
tor for 5% weight loss (B = 0.315, OR: 1.370, 95% CI 

Fig. 2  Absolute weight changes and proportions achieving 5% and 10% weight loss during liraglutide treatment

Table 3  Changes in laboratory parameters and FIB-4 index of patients during liraglutide treatment

ALT Alanine aminotransferase, FIB-4 Fibrosis −4 index, FPG Fasting plasma glucose, HDL-C High-density lipoprotein cholesterol, LDL-C Low-density lipoprotein 
cholesterol

Data were presented as median and IQR (25–75).
* Pairwise comparisons were statistically significant in the post hoc analysis.

Baseline value Change from baseline 
to 3 months

Change from baseline 
to 6 months

Change from baseline to 
12 months

P

FPG, mg/dl 95 (87–105) –5 (–13, 1) –6 (–13, 2) –8 (–14, 0)  < 0.001*
HbA1C, % 5.6 (5.4–6) –0.2 (–0.2, 0) –0.3 (–0.6, 0) –0.4 (–0.8, –0.2)  < 0.001*
Total cholesterol mg/dl 202 (174–229) –11 (–24, 1) –9 (–25, 6) –7 (–20, 7) 0.003*
LDL-C, mg/dl 123 (100–145) –7 (–20, 2) –7 (–22, 5) –7 (–18, 7.5)  < 0.001*
HDL-C, mg/dl 48 (41–56) 0 (–3, 3) 0 (–3, 4) 1 (–3.5, 6) 0.027

Triglyceride, mg/dl 135 (97–195) –11 (–39, 9) –12 (–35, 8) –12 (–12, 8)  < 0.001*
Creatinine, mg/dl 0.72 (0.63–0.83) 0 (0, 0.1) 0.02 (–0.1, 0) 0.01 (–0.1, 0.08) 0.108

ALT, mg/dl 21 (16–32) –1 (–6, 3) –2 (–7, 1) –2.5 (–8, 3) 0.027*
FIB-4 index 0.61 (0.42–0.83) 0 (–0.09, –0.08) 0.01 (–0.6, 0.13) 0.013 (–.16, 0.12) 0.562
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0.222–0.406, p < 0.001) and 10% weight loss (B = 0.216, 
OR: 1.241, 95% CI 0.144–0.309, p < 0.001).

Discussion
The present study revealed that liraglutide is an effective 
treatment for adult obesity, achieving 5% weight loss in 
76.4% of patients and 10% weight loss in 40.9% of patients 
from their initial body weight, regardless of age, obesity 
class, liraglutide dose, or implementation of diet and 
exercise. The duration of liraglutide treatment is found 
to be the only predictive factor for achieving 5% and 10% 
weight loss. In addition, liraglutide resulted in improve-
ments in FPG and HbA1c levels in both patients with 
and without type 2 DM. Nearly half of the patients expe-
rienced at least one side effect, with nausea and vomit-
ing being the most common. The most frequent reason 
for discontinuation was the cost of the drug, followed by 
intolerance due to gastrointestinal side effects. Serious 
adverse effects, such as pancreatitis, ileus, cholecystitis, 
and markedly increased liver enzymes, were observed in 
fewer than 1% of patients.

GLP-1 analogues are playing an increasingly important 
role in the pharmacological treatment of obesity. Despite 
newer agents like semaglutide and tirzepatide gaining 
prominence with the current evidence from many stud-
ies, liraglutide remains a significant option due to its 
longer clinical experience, greater availability, and cost-
effectiveness as compared to semaglutide and tirzepatide 
in many countries around the world [15–17].

To date, outcomes from real-world studies of liraglu-
tide across various populations have been reported. The 
first published real-world data on liraglutide came from 
Canada, where the researchers reported a median weight 
loss of 8 kg over 6 months with daily 3.0 mg liraglutide 
treatment combined with diet and exercise [10]. Other 
real-world studies demonstrated a weight loss of 5 to 
8 kg during 6 to 12 months of liraglutide treatment [7, 11, 
18]. The present study revealed a median weight loss of 
7.5 kg by the third month, with a continued linear trend 
throughout the treatment, reaching a median weight loss 
of 13.5 kg by the end of the first year. The percentage of 
patients achieving a 5% weight loss was reported as 64.1% 
in 6 months in Canada, 40% in 7 months in Switzerland, 
52.6% in 6 months in Saudi Arabia, and 68.3% in 6 month 
in Italy [10, 11, 18, 19]. The rates of achieving 10% weight 
loss during the specified periods were reported as 34.5%, 
14%, 27.8%, and 20% in these respective studies. The pre-
sent study determined slightly higher rates when com-
pared with these previous reports, with 76.4% achieving 
5% weight loss and 40.9% achieving 10% weight loss from 
baseline. Furthermore, this clinically meaningful weight 
loss was observed by the first month of the treatment. 
These slightly higher rates may be explained by the close 

follow-up of patients, which could improve compliance 
with the medication. In the present cohort, patients had 
a median of 2 doctor visits during the median of 4-month 
follow-up period.

Our subgroup and univariate analyses indicated that 
achieving 5% and 10% weight loss was independent of 
age, gender, BMI, educational status, and adherence to 
diet and exercise. Most studies in the literature combined 
liraglutide treatment with diet and exercise. In the cur-
rent study, almost half of the patients received dietitian 
support and performed at least 30 min of exercise on at 
least 2  days per week. However, no significant effect of 
diet and exercise on weight loss was observed in both 
the comparative and regression analyses. It’s important 
to note that the implementation of diet and exercise was 
based on patients’self-reports and was not standardized, 
which may affect the reliability of this data. A recent real-
world cohort study from Korea similarly reported that 
liraglutide is effective for weight loss even in the absence 
of intensive lifestyle modifications [20].

Supporting some of the data in the literature, the reduc-
tion in body weight was greater in patients with higher 
BMI classes. However, similar percentages of patients 
across different obesity classes in this study achieved 5% 
and 10% weight loss. The researchers from Canada sug-
gested that liraglutide 3.0  mg treatment led to similar 
significant weight loss in patients, regardless of obesity 
class [21]. In contrast, a 56-week randomized controlled 
study of liraglutide reported contrasting results, indi-
cating that liraglutide was less effective in patients with 
a BMI higher than 40  kg/m2 compared to those with a 
lower BMI [7]. Another issue that needs to be discussed 
is the dose of liraglutide. A daily dose of 3.0 mg is con-
sidered the maximum effective dose of liraglutide, and 
randomized studies, as well as many other observational 
studies, have been conducted with patients receiving this 
maximum dose. In this study, the median dose of lira-
glutide was 2.4 mg per day, and only 33.5% of all patients 
were maintained on the maximum dose. Few studies have 
investigated the effect of lower doses of liraglutide. In this 
context, a study from Belgium analyzed weight loss with 
different doses of liraglutide and found that clinically 
meaningful weight loss can be achieved even when using 
submaximal doses [22]. Additionally, the Swiss cohort 
of 277 patients, who used a median dose of 1.5  mg per 
day, also demonstrated clinically significant weight loss, 
irrespective of the maximum dose [11]. The researchers 
of this study emphasized that persistence with the treat-
ment for over 7 months helped patients achieve greater 
weight loss. Similar findings were observed in the present 
study. Although univariate analysis showed that both the 
dose and duration of liraglutide treatment were signifi-
cantly associated with 5% and 10% weight loss, the effect 
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of liraglutide dose did not persist in the multiple logistic 
regression analysis. Instead, the duration of the treatment 
was found to be the only predictive factor for achieving 
the treatment targets. However, it is noteworthy that 
the reduced number of patients beyond six months—
likely due to the reasons for drug discontinuation previ-
ously described—limits the interpretation of long-term 
outcomes.

Besides effective weight management, liraglutide also 
found to be associated with improvements on meta-
bolic parameters. Despite discrepancies among vari-
ous randomized controlled and observational studies, 
most have demonstrated significant reductions in glu-
cose parameters and blood pressure measurements, as 
well as improvements in serum lipid levels [11, 18, 23]. 
The Canadian cohort revealed a 0.4% decrease in HbA1c 
levels, while the Swiss cohort reported a 0.3% reduction 
[10, 11]. Another study, including 448 patients with type 
2 DM using liraglutide from France, Italy, and Germany, 
demonstrated a 1.08% reduction in HbA1c from baseline 
to 24 months [24]. Another retrospective study reported 
a decrease similar to our study, with a 0.8% reduction 
in HbA1c in patients with type 2 DM and obesity over 
24 months of liraglutide treatment [23]. Data from Japan 
also revealed that liraglutide significantly improved glu-
cose metabolism, decreasing HbA1c levels by 1.5% after 
12  months of treatment [25]. Our comparative analy-
sis of patients with and without DM showed that, while 
both groups achieved similar weight loss, patients with 
DM experienced a 0.85% reduction in HbA1c by the end 
of 12  months of treatment. Changes in ALT levels dur-
ing liraglutide treatment have been evaluated in a lim-
ited number of studies. Although previous studies have 
reported conflicting results regarding changes in ALT 
levels during treatment, our results indicated a signifi-
cant decrease at each endpoint [11, 18]. The Swiss cohort 
demonstrated a decrease in both ALT levels and the non-
alcoholic steatohepatitis fibrosis score during 10 months 
of liraglutide treatment [11]. Several studies also reported 
decreased liver fibrosis scores in type 2 DM patients 
using liraglutide [26, 27]. However, we did not observe 
any difference in FIB-4 indexes during the treatment. The 
results of the present study also suggested a decrease in 
total cholesterol, LDL-C, and triglyceride levels, but no 
change in HDL levels.

In line with the previous data, patients with a history 
of bariatric surgery experienced similar weight loss to 
those without such a history [11, 28, 29]. According to 
the current knowledge, there is a lack of data in the lit-
erature evaluating the combination of liraglutide and 
orlistat. Our study adds a new finding to the literature, 
suggesting that orlistat may enhance weight loss during 

the first month of treatment when combined with lira-
glutide. However, its benefits were not observed in the 
subsequent months.

GLP-1 analogue treatment was significantly associ-
ated with gastrointestinal complaints, including nausea, 
vomiting, dyspepsia, diarrhea, and constipation, and 
known to be transient [30]. According to our results, 
gastrointestinal events were among the most common 
adverse effects during liraglutide treatment and led to 
drug discontinuation in approximately 20% of patients, 
making it the second most common reason after drug 
cost. These findings are consistent with those of several 
observational studies. A very recent large cohort study 
emphasized that weight reduction with GLP-1 analogue 
treatment is associated not only with the dose and active 
agent of the medication but also with persistence in med-
ication use [31]. The researchers highlighted the need for 
a detailed analysis of the reasons behind treatment dis-
continuation. The findings of our study contribute to this 
field by offering a comprehensive analysis of the reasons 
behind liraglutide treatment discontinuation. A large 
randomized controlled liraglutide study determined that 
gastrointestinal events were the most common reasons 
for withdrawal of liraglutide [7]. Supporting this data, 
a recent Portugal cohort study reported the most com-
mon withdrawal reasons as gastrointestinal intolerance, 
drug cost, and inefficacy [32]. Serious adverse events, 
including markedly increased liver enzymes, ileus, chol-
ecystitis, and pancreatitis, were also observed in a small 
number of patients in our cohort. Although data from a 
post-marketing adverse event reporting system recently 
indicated that liraglutide is the GLP-1 analogue most 
commonly associated with pancreatitis, real-world inter-
ventions with liraglutide have reported much lower rates 
of this adverse effect [7, 33]. The present study reported 
only one case of acute pancreatitis, diagnosed during 
the second week of treatment. Other rare, unexpected 
adverse events in our cohort were depressive symptoms, 
menstrual irregularities, and change in taste sensitivity. 
Among these, depressive symptoms and mood changes 
resulted in drug discontinuation in some of the patients. 
Limited data are available in the literature regarding the 
relationship between GLP-1 analogues and depression; 
however, to the best of our knowledge, no observational 
studies have specifically investigated emotional disorders 
during liraglutide treatment [34]. Similarly, while chang-
ing taste sensitivity has been speculated to be associated 
with GLP-1 analogues, there are no long-term, large-
scale studies evaluating this condition [35]. This study 
also alerts clinicians that liraglutide may be associated 
with a broader range of drug-related events than previ-
ously recognized. More detailed, long-term observational 
studies are needed to address this gap in the literature.
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This study has merits as it represents a multicenter, 
real-world investigation involving one of the largest 
cohorts reported in the literature. The analysis of vari-
ous clinical and laboratory factors, along with a detailed 
investigation of drug-associated adverse effects and rea-
sons for discontinuation, strengthens our results and 
may contribute new findings to the literature. However, 
the study has some limitations. Firstly, the retrospective 
design restricts access to all weight data and laboratory 
parameters, resulting in missing data at each endpoint. 
Additionally, due to the aforementioned reasons for 
treatment discontinuation, the number of patients who 
maintained liraglutide use for one year is very low. The 
reduction in patient numbers beyond six months lim-
its the evaluation of long-term outcomes. In addition, 
although all authors were requested to include patients 
consecutively, due to the retrospective nature of this 
observational study, some unexpected confounding fac-
tors and selection bias cannot be completely ruled out. 
Lastly, since not all patients adhered to a standardized 
diet and exercise program, and the data on diet and exer-
cise were based on patient self-reports, the possibility of 
subjective reporting bias cannot be excluded. Therefore, 
the findings related to the effects of diet and exercise 
may be somewhat limited and should be interpreted with 
appropriate consideration of these limitations.

Conclusion
Liraglutide effectively leads to clinically significant weight 
loss and meets expected weight loss targets in real-world 
clinical practice. Additionally, it facilitates improvements 
in metabolic control for patients. Therefore, liraglutide 
is still a reasonable GLP-1 analogue in the obesity treat-
ment. However, it may be associated with both expected 
and unexpected adverse effects that clinicians need to 
monitor closely. Further prospective long-term real-
world studies, particularly those incorporating standard-
ized lifestyle interventions in obesity management, may 
help address the limitations of this study and reinforce 
our findings, thereby strengthening the evidence base for 
clinical and policy decisions.
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