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Abstract: Liraglutide treatments have recently been approved for obese diabetic and prediabetic patients. This 
study aimed to investigate the relationship between liraglutide and weight loss of these patients. This cross-sec-
tional study was conducted at the King Khalid University Hospital outpatient clinics. The participants were over 18 
years old, treated with 1.8 mg liraglutide (Victoza®, Novo Nordisk, Bagsvaerd, Denmark) daily over a 12-month 
period. Patients’ data were extracted from electronic medical records. Body weight after 12 months of liraglutide 
treatment was evaluated to determine the relationship between the exposure to this drug and the changes in body 
weight. Glucose control parameters, blood pressure, and lipid profiles were measured and compared at baseline 
and a year after treatment. A multiple regression model was used to eliminate any effects of potential confounders 
(sex-, age-, ethnicity- and weight-related clinical variables). Sixty-eight patients were included with the majority were 
diabetic treated with antidiabetic medications. Significant decrease was seen in the mean body weight (delta from 
baseline) -3.82 ± 5.17 kg (P < 0.001), body mass index -1.41 ± 1.90 kg (P < 0.001), levels of glycated hemoglobin 
-0.58 ± 1.82% (P < 0.014), total cholesterol -0.38 ± 0.67 mmol/L (P < 0.001) and low-density lipoprotein -0.33 ± 
0.65 mmol/L (P < 0.001). The results supported that liraglutide was associated with weight reduction as well as 
other metabolic parameters in the patients attended King Khalid University Hospital. 
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Introduction

Obesity is a chronic, multifactorial disease, 
affecting over 1.1 billion individuals around the 
globe [1]. The World Health Organization (WHO) 
has defined obesity as an abnormal accumula-
tion of fatty tissue in excessive amounts. It can 
be measured as body mass index (BMI), with a 
BMI of 30.0 kg/m2 or above is considered 
obese [2]. Obesity can be influenced by genet-
ic, cultural, environmental, socioeconomic, 
pharmacological, and psychological factors [3].

According to the data of the USA Centers for 
Disease Control and Prevention (CDC) in 2016 
[4], around 40% of American adults are obese. 
In the Kingdom of Saudi Arabia (KSA), over-
weight and obesity affect more than 60% of the 
total population [5].

Obesity is considered a key risk factor for many 
diseases including sleep apnea, some types of 
cancers and cardiovascular diseases (CVD), 
which cover coronary heart disease, hyperten-
sion, dyslipidemia, and type 2 diabetes (T2D) 
[6]. The correlation of BMI with blood glucose, 
blood pressure (BP), and level of blood lipid was 
confirmed in previous studies [7-9]. It has been 
shown that with each unit increase of BMI 
above the 22 kg/m2, the risk of developing cor-
onary heart disease and T2D increased by 14%, 
and 12.1%, respectively. Similarly, there is a 
risk of increasing the overall BP level by 0.8 to 
1.7 mmHg [6, 10, 11]. Treatment of obesity and 
its associated comorbidities is a significant 
economic burden on health care systems [12]. 
The global economic impact of obesity was esti-
mated to be two trillion US dollars in 2014 [13]. 
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In developed countries, obesity alone may cost 
2-7% of all health care budget [14].

Management of obesity involves intensive life-
style interventions, bariatric surgeries, and 
pharmacological interventions [15]. Lifestyle 
interventions are considered the first line in the 
management plan and can cause a clinically 
significant weight loss (≥5%). However, the 
relapse rate is high. More than half of the 
patients regain their lost weight within a year 
[16]. On the other hand, surgical interventions 
can cause dramatic weight loss and significant 
improvement in all other comorbidities. How- 
ever, the invasive nature of this type of inter-
vention, patient preferences, and lack of 
resources can limit its utility [17]. Most of the 
published guidelines from stringent entities 
recommend pharmacotherapy as the second 
line of obesity management [18-20]. Liraglutide 
is one of the pharmacological treatments for 
obesity, which is administered as a subcutane-
ous injection once daily. It is a glucagon-like-
peptide-1 (GLP-1) receptor agonist [21]. As an 
antidiabetic medication, liraglutide regulates 
glucose metabolism in a dose varing between 
1.2 mg to 1.8 mg (Victoza®; Novo Nordisk). 
Meanwhile, liraglutide can be used for weight 
reduction at higher doses (Saxenda®, Novo 
Nordisk) [22], leading to reduction of energy 
intake and suppression of appetite [23]. 
Because of this dual effects, it is mainly used to 
manage obese diabetic patients [24]. There is a 
meta-analysis of 28 randomized control trials 
(RCTs) that compared five anti-obesity medica-
tions in the USA in terms of effectiveness, and 
liraglutide showed the highest efficiency caus-
ing ≥5% weight loss when compared with a pla-
cebo [25].

Liraglutide injection has shown to be an effec-
tive and tolerable medication and changes the 
weight-related comorbidities and the quality of 
life [26-28]. However, there is a lack of litera-
ture about liraglutide in different ethnic groups. 
Studies in the Japanese population showed 
that liraglutide monotherapy resulted in a sig-
nificant reduction of body weight [29]. On the 
contrary, when co-administered with other oral 
antidiabetic agents, no change in body weight 
was observed [30]. A study on the Emirati popu-
lation [31], showed a mean weight reduction of 
2.5 kg, which was less than that observed in 
the RCTs [32]. However, these studies were 
either on a non-therapeutic dose (≤1.2 mg) or a 

short follow-up period (≤12 months). Among 
the Saudi population, there were two recent 
cohort studies about the effects of liraglutide 
treatment among diabetic obese patients [33, 
34]. The result are quite different in terms of 
weight loss in comparison with the baseline val-
ues after 12 months of treatment, although 
both studies were either underpowered with a 
low sample size or had a short follow-up 
period.

The prevalence of obesity is rising at an alarm-
ing rate in KSA [35]. Studies among the Saudi 
population in a real clinical practice were limit-
ed and with conflicting findings. The present 
study aims to address the relationship between 
liraglutide and changes in body weight among 
the Saudi Arabia population.

Material and methods

Study design and setting

A cross-sectional study was conducted at 
KKUH, one of the largest tertiary teaching hos-
pitals with a 1,200-bed capacity located in 
Riyadh, Saudi Arabia. The patient population is 
comprised of citizens and legal residents, who 
live in the capital city, Riyadh. Moreover, it 
serves as a referral hospital for all of the KSA.

Study population

The study population included adult patients 
(≥18 years old), who attended KKUH outpatient 
clinics and were prescribed an 1.8 mg liraglu-
tide (Victoza®, Novo Nordisk) daily for over 12 
months. The main exposure of the study was 
treatment with 1.8 mg liraglutide over 12 
months. These patients were obese with 
uncontrolled hyperglycemia. The main outcome 
of the study was the mean change in body 
weight (kg) since commencing the drug. The 
weight and height measurements at baseline 
and after 12 months from the index date were 
required for each eligible patient. There were 
no strict exclusion criteria except gestational 
diabetes patients, type 1 diabetes patients or 
any patients who underwent any type of bariat-
ric surgery (i.e. gastric sleeve, gastric bypass, 
gastric balloon, and gastric band).

Data sources

Data was extracted from the electronic medical 
records (EMRs) for all patients on liraglutide 
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(1329 patients) attending outpatient clinics at 
KKUH between September 2015 and October 
2019; then collated by the primary author in an 
Excel datasheet. Data was crosschecked to 
ensure quality. Since all the study data were 
from the EMRs, there was no direct involve-
ment of any patients in the study; the individual 
patient’s informed consent was not required 
because of the anonymized nature of patient 
records. However, patient confidentiality was 
maintained. This study was conducted follow-
ing the Strengthening the Reporting of Ob- 
servational Studies in Epidemiology (STROBE) 
statement guidelines. The institutional review 
board (IRB) at KKUH (IRB number: E-19-3888) 
approved this study.

Measurements 

Study variables

The variables at baseline were demographic 
data, which includes age, sex, and nationality. 
The date of the first prescription of liraglutide 
and duration of the treatment were document-
ed. Clinical characteristics were recorded at 
baseline and after 12-month follow-up visits. 
These variables include anthropometric param-
eters and cardiovascular (CV) risk factors. We 
also recorded the concomitant use of medica-
tions that affect body weight, including insulin 
and Metformin (antidiabetic medications), and 
Orlistat, a medication approved for weight loss. 
In addition, diagnosis of T2D and hypothyroid-
ism were recorded. Other chronic comorbidi-
ties, including hypertension and dyslipidemia 
were not considered. Baseline measurements 
for individuals were determined as the closest 
value from the index date measured (within 14 
days before the index date to up to 7 days 
after).

Anthropometric parameters

Body weight was recorded in kg and height in 
cm. BMI was calculated as kg/m2 and we 
grouped the participants according to their 
BMI; overweight if BMI was 25-29.9 kg/m2, 
obese class I if BMI was 30-34.9 kg/m2, obese 
class II if BMI was 35-39.9 kg/m2 and obese 
class III if BMI was ≥40 kg/m2.

Cardiovascular risk factors

Data about common CV risk factors including 
T2D, BP, and lipid profile were collected. In addi-

tion to the diagnosis of T2D, glucose control 
measurements included glycated hemoglobin 
(HbA1c), random blood glucose (RBG), and fast-
ing plasma glucose (FPG) levels. Other CV risk 
factor measurements, including systolic blood 
pressure (SBP), diastolic blood pressure (DBP), 
total cholesterol, high-density lipoprotein cho-
lesterol (HDL), low-density lipoprotein choles-
terol (LDL), and triglycerides (TG) were 
collected.

Outcome variables

Difference in weight

Primary outcome: Weight loss. The main out-
come investigated in this study was the weight 
change among recruited patients. The body 
weight after 12 months of commencing liraglu-
tide treatment was used to examine the rela-
tionship between the exposure to this drug and 
the change in body weight. It was also used to 
calculate the mean weight change, percentage 
of body weight lost and proportions of patients 
achieving ≥5% reduction in body weight since 
commencing liraglutide.

Secondary outcome: We calculated the mean 
and mean difference (delta from baseline) for 
glucose control parameters and CV risk factors. 
Then we assessed the differences between 
males and females in terms of weight loss and 
the other parameters. 

Statistical analysis

The results were presented as mean ± stan-
dard deviation (SD) for continuous variables 
and as numbers and percentages for categori-
cal variables. Male and female characteristics 
were compared at the baseline using an inde-
pendent sample t-test for continuous variables 
and the Chi-square test for categorical vari-
ables. Comparisons were performed to study 
the differences between baseline visits and 
12-month visits using the paired Student’s t 
test. The percentage of body weight lost was 
computed as mean weight loss/baseline weight 
* 100. Mean weight reduction between mal- 
es and females was compared using the inde-
pendent sample t-test. For cross-sectional 
associations, multiple linear regression models 
were used to assess the associations between 
weight loss (dependent variable) and the expo-
sure to 1.8 mg liraglutide. The model was 
adjusted for the possible confounders sex, age, 



Relationship between exposure to liraglutide and weight loss

2438	 Int J Clin Exp Med 2021;14(10):2435-2445

Table 1. Baseline characteristics for participants before commencing liraglutide
Measurements Total (n = 68) Males (n = 31) Females (n = 37) p-value
Age (years) 54.41 ± 9.48 52.58 ± 8.5 55.94 ± 10.08 0.146
Ethnicity n (%) n (%) n (%)
    Saudi 55 (80.90%) 25 (80.60%) 30 (81.10%) 0.964
    Non-Saudi 13 (19.10%) 6 (19.40%) 7 (18.90%)
Height (cm) 165.34 ± 11.12 173.33 ± 7.65 158.65 ± 8.97 < 0.001
Body weight (kg) 107.78 ± 21.26 114.58 ± 18.53 102.08 ± 21.96 0.015
BMI (kg/m²) 39.51 ± 7.33 38.15 ± 5.78 40.65 ± 8.32 0.164
BMI groups n (%) n (%) n (%)
    27-29.9: overweight 6 (8.8%) 1 (3.2%) 5 (13.5%) 0.030
    30-34.9: obese class I 13 (19.1%) 9 (29%) 4 (10.8%)
    35-39.9: obese class II 18 (26.5%) 11 (35.5%) 7 (18.9%)
    ≥40: obese class III 31 (45.6%) 10 (32.3%) 21 (56.8%)
Cardiovascular risk factors
    Hba1c (%) 8.54 ± 1.97 8.56 ± 1.69 8.53 ± 2.2 0.954
    RBG (mmol/L) 9.21 ± 3.77 9.24 ± 3.22 9.18 ± 4.25 0.947
    FPG (mmol/L) 9.71 ± 3.22 10.04 ± 2.95 9.54 ± 3.46 0.770
    Systolic BP (mmHg) 133.73 ± 14.26 131.32 ± 11.62 135.75 ± 16.01 0.204
    Diastolic BP (mmHg) 76.20 ± 9.04 77.48 ± 9.47 75.13 ± 8.64 0.290
    Total cholesterol (mmol/L) 4.89 ± 0.95 4.34 ± 0.78 4.61 ± 1.01 0.253
    LDL cholesterol (mmol/L) 2.46 ± 0.89 2.38 ± 0.76 2.52 ± 1 0.513
    HDL cholesterol (mmol/L) 1.20 ± 0.32 1.02 ± 0.19 1.36 ± 0.33 < 0.001
    TG (mmol/L) 1.81 ± 0.93 2.06 ± 0.95 1.60 ± 0.87 0.045
Baseline comorbidities n (%) n (%) n (%)
    T2D 59 (86.8%) 28 (90.3%) 31 (83.8%) 0.428
    Hypothyroidism 7 (10.3%) 2 (6.5%) 5 (13.5%) 0.340
Baseline medications n (%) n (%) n (%)
    Insulin 22 (32.4%) 9 (29%) 13 (35.1%) 0.592
    Metformin 57 (83.8%) 27 (87.1%) 30 (81.1%) 0.502
    Orlistat 3 (4.4%) 2 (6.5%) 1 (2.7%) 0.453
BMI, body mass index; BP, blood pressure; FPG, fasting plasma glucose; HbA1c, glycated hemoglobin; HDL, high-density 
lipoprotein; LDL, low-density lipoprotein; RBG, random blood glucose; TG, triglycerides; T2D, type 2 diabetes. Data are means ± 
SD, unless otherwise noted.

nationality, and clinical variables, including 
medications, treatment, comorbidities, BMI, 
blood lipids, and blood sugar levels. P-values < 
0.05 were considered statistically significant. 
Analyses were performed using SPSS soft- 
ware version 21 (IBM® SPSS® Statistics 21, 
Armonk, NY, USA).

Sample size

The sample size for this study was calculated to 
be 185 patients based on an estimated propor-
tion of 33.3% of adult subjects expected to lose 
≥5% from their baseline weight [36]; with a 5% 
margin of error and an 85% confidence interval. 
The sample size was calculated by the formula: 

n = Z2 [p(1-p)]/d2 where, n = Sample size; 
Z-score = 1.44 for confidence level 85%; P = 
expected proportion (percentage of body 
weight loss); d = precision (margin of error). 
Substituting the above values: N = (1.44)2 
[0.333(1-0.333)]/0.052 = 185 patients with 
only 80 medical records were reviewed and 68 
eligible participants.

Results

Subjects characteristics

The baseline demographics and clinical charac-
teristics of the 68 participants are shown in 
Table 1. The mean age of the participants was 
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54.41 ± 9.48 years and mean body weight was 
107.78 ± 21.26 kg with a BMI of 39.51 ± 7.33 
kg/m². The study sample included almost the 
same number of males and females of similar 
ages. The majority were Saudis representing 
about 81% of the study population. In addition, 
most of the participants were diabetic (86.8%) 
with a mean HbA1c level of 8.54 ± 1.97%, FPG 
9.71 ± 3.22 mmol/L, and RBG 9.21 ± 3.77 
mmol/L. Baseline systolic blood pressure  
(SBP) and diastolic blood pressure (DBP) were 
133.73 ± 14.26 mmHg and 76.2 ± 9.04 mmHg, 
respectively. Before initiating liraglutide, 10.3% 
of the patients had hypothyroidism, most of  
the patients were concomitantly treated with 
Metformin (83.8%), and a lower proportion of 
patients were concomitantly treated with insu-
lin (32.4%) and Orlistat (4.4%). At baseline, 
there were statistically significant differences 
between males and females in height (P < 
0.001), body weight (P < 0.015), distribution of 
study subjects between BMI categories (P < 
0.030), and HDL levels (P < 0.001).

Changes in body weight and other related fac-
tors

The progression of body weight, from baseline 
to 12 months after commencing liraglutide  
is shown in Figure 1. Table 2 shows changes  
in all clinical parameters as delta from base-

reduction in the level of RBG, it did not reach 
statistical significance (-1.03 ± 4.19 mmol/L, P 
< 0.67). Concurrently, decreases were observed 
in the means of CV parameters; SBP -2.03± 
15.7 mmHg (P < 0.298), DBP -1.06 ± 10.39 
mmHg (P < 0.410), total cholesterol -0.38 ± 
0.67 mmol/L (P < 0.001), LDL cholesterol -0.33 
± 0.65 mmol/L (P < 0.001), HDL cholesterol 
-0.01 ± 0.18 mmol/L (P < 0.730), and triglycer-
ides -0.09 ± 0.76 mmol/L (P < 0.385) (Table 2). 
However, the observed reductions did not reach 
statistical significance except in total choles-
terol and LDL. Similarly, there was no statisti-
cally significant difference between males and 
females for weight reduction (Figure 2).

Correlation of body weight with other meta-
bolic factors

Multiple regression analysis was performed to 
examine whether baseline characteristics have 
an independent effect on body weight reduc-
tion (Table 3). Possible confounders including 
sex, nationality, age, comorbidities, concomi-
tant use of medications, and initial weight, BMI, 
HbA1c, total cholesterol, and LDL were adjust-
ed. The overall regression model was not sig-
nificant. The 13 parameters together explained 
21.5% of the variance of weight loss (F (13.52) 
= 1.07, P = 0.401, R2 = 0. 215). The decline of 
weight from baseline to 12 months was posi-

Figure 1. Mean weight at baseline and after 12 months of treatment with 
liraglutide (P < 0.001).

line. Pairwise comparisons sh- 
owed significant reductions in 
body weight (-3.82 ± 5.17 kg, 
P < 0.001) and BMI (-1.41 ± 
1.90 kg/m2, P < 0.001). The 
weight loss (Δ weight) in male 
and female participants was 
-4.36 ± 5.22 kg and -3.36 ± 
5.15 kg (P < 0.431), respec-
tively. Approximately a third  
of the study participants re- 
duced ≥5% of their initial body 
weight.

The CV risk factors showed a 
similar pattern. There was  
a significant reduction in the 
blood markers of T2D among 
patients using liraglutide. 
HbA1c reduced by -0.58 ± 
1.82% (P < 0.014) and FPG by 
-2.46 ± 1.38 mmol/L (P < 
0.037); although there was 
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Table 2. Variations in clinical parameters after 12-month liraglutide treatment initiation

Mean ± SD
Delta from 
Baseline, 

(Mean ± SD)

p-value
compared  

with baseline

Males Females
p-value 

Mean ± SD Delta from Baseline 
(Mean ± SD) Mean ± SD Delta from Baseline, 

(Mean ± SD)
Weight (kg) 103.96 ± 20.70 -3.82 ± 5.17 < 0.001 110.21 ± 18.13 -4.36 ± 5.22 98.72 ± 21.49 -3.36 ± 5.15 0.431
BMI (kg/m2) 38.12 ± 7.13 -1.41 ± 1.90 < 0.001 36.69 ± 5.647 -1.46 ± 1.81 39.29 ± 8.06 -1.36 ± 2.00 0.831
HbA1c (%) 8.05 ± 2.06 -0.58 ± 1.82 < 0.014 7.90 ± 1.72 -0.61 ± 1.96 8.19 ± 2.34 -0.559 ± 1.71 0.903
FPG (mmol/L) 7.95 ± 1.24 -2.46 ± 1.38 < 0.037 11.56 ± 6.86 -0.92 ± 1.10 8.13 ± 1.44 -2.97 ± 1.12 0.255
RBG (mmol/L) 8.06 ± 3.71 -1.03 ± 4.19 0.671 8.35 ± 3.70 -0.63 ± 3.64 7.83 ± 3.74 -1.37 ± 4.64 0.513
Systolic BP (mmHg) 131.64 ± 15.09 -2.03 ± 15.7 0.298 130.33 ± 15.16 -0.76 ± 13.79 132.72 ± 15.16 -3.08 ± 17.26 0.555
Diastolic BP (mmHg) 74.91 ± 10.61 -1.06 ± 10.39 0.410 77.17 ± 10.62 -0.2 ± 10.60 73.03 ± 10.37 -1.77 ± 10.3 0.543
Total cholesterol (mmol/L) 4.06 ± 0.81 -0.38 ± 0.67 < 0.001 3.91 ± 0.81 -0.41 ± 0.60 4.20 ± 0.80 -0.36 ± 0.74 0.769
LDL (mmol/L) 2.10 ± 0.81 -0.33 ± 0.65 < 0.001 1.97 ± 0.78 -0.39 ± 0.65 2.22 ± 0.82 -0.26 ± 0.65 0.432
HDL (mmol/L) 1.2 ± 0.31 -0.01 ± 0.18 0.730 1.03 ± 0.19 0 ± 0.12 1.35 ± 0.32 -0.016 ± 0.23 0.726
TG (mmol/L) 1.68 ± 1.09 -0.09 ± 0.76 0.385 1.99 ± 1.39 -0.028 ± 0.98 1.37 ± 0.57 -0.14 ± 0.46 0.566
BMI, body mass index; BP, blood pressure; FPG, fasting plasma glucose; HbA1c, glycated hemoglobin; HDL, high density lipoprotein; LDL, low density lipoprotein; RBG, random blood glucose; SD, standard 
deviation; TG, triglycerides.
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Figure 2. Proportion of participants who lost > 5% weight (P < 0.803).

tively correlated with the patients’ baseline 
weight, age, levels of triglycerides, and nega-
tively correlated with baseline BMI, Hba1c, and 
LDL levels.

The relative changes in body weight and HbA1c 
from baseline to month 12 after liraglutide ini-
tiation are represented as scatterplots in Figure 
3. Overall, the majority of the study subjects 
were located in the lower left quadrant, i.e. 
body weight and HbA1c decreased for these 
individuals.

Discussion

In this cross-sectional study, we explored the 
relationship between exposure to 1.8 mg lira-
glutide per day and weight loss over a 12-month 
period among KKUH patients. Our findings 
showed that liraglutide significantly reduced 
body weight, HbA1c, total cholesterol, and LDL. 
These results were similar to the results from 
the RCTs with minor variations with respect to 
the different study designs and settings [26].

Several studies observed weight reduction 
after one year treatment with liraglutide [37-
39]. In these studies, the weight loss ranged 
from 2% (2.2 kg) to 6% (6.4 kg) depending on 
the dose of liraglutide. In our study, one year of 
treatment with liraglutide resulted in a signifi-

cant reduction in body weight 
and BMI. Compared to the 
baseline, the mean body wei- 
ght was significantly reduced 
by almost 4 kg (3.42%, P < 
0.001). The health benefit of 
moderate weight loss among 
obese and overweight individu-
als, can be observed on the 
risk reduction of developing 
T2D [39]. An analysis done by 
Richard F. Hamman [40], 
reported that for every kg of 
weight lost, there was a 16% 
reduction in risk of developing 
T2D among patients with 
impaired glucose tolerance. 
Furthermore, a large RCT con-
ducted as part of the Diabet- 
es Prevention Program in the 
USA, showed that this propor-
tion of weight reduction could 
reduce the incidence of T2D by 

58% among Americans adults with impaired 
glucose tolerance [41].

As described previously in the literature, weight 
reduction has a significant impact on minimiz-
ing the risk of developing CVDs [42]. Treatment 
with liraglutide was associated with a signifi-
cant reduction of SBP compared to the placebo 
(-2.68 mmHg, P < 0.02). On the contrary, DBP 
did not differ significantly (-0.19 mmHg, P < 
0.81) [27]. In a recent study, 40 obese Italian 
patients reported a BP reduction. After 5 years 
of treatment with 1.8 mg liraglutide, the SBP 
and DBP decreased from 132.9 ± 15.9 mmHg 
to 127.5 ± 18.9 mmHg; P < 0.128 and 72.9 ± 
9.2 mmHg to 72.2 ± 10.1 mmHg; P < 0.983, 
respectively [36]. This reduction in BP might be 
underestimated as most of the participants 
were older adults with coexisting CVDs, which 
are associated with arterial stiffening and sub-
sequent high BP. Our finding was consistent 
with that of the Italian cohort. There was a 
reduction in both SBP and DBP compared to 
the baseline readings. Despite the reduction 
observed, it did not show a statistically signifi-
cant difference. This variation could be ex- 
plained by the small sample size and the fact 
that the participants were middle-aged adults 
with a mean baseline BP of 131.64/74.9 
mmHg, which is considered a mild elevation 



Relationship between exposure to liraglutide and weight loss

2442	 Int J Clin Exp Med 2021;14(10):2435-2445

[43], and possibly on antihypertensive me- 
dications.

Additional CV benefits of liraglutide that have 
been observed are improvement in the T2D 
and lipid profile. In a systemic review of 124 
observational studies [44], they reported a 
data from baseline reduction in HbA1c (-0.6% 

tion in body weight with liraglutide than men 
[50]. However, the authors attributed this dif-
ference to the dose variation, since a higher 
proportion of women compared to men were 
exposed to higher doses. In our study, all the 
participants were exposed to the same dosage, 
and as a result, we did not find a difference 
between them. Weight reduction after 12 

Table 3. Patient characteristics and clinical determinants of 
weight reduction using a multiple linear regression model*
Variables β coefficient (95% CI) p-value
Constant -4.58 (-20.74 to 11.58) 0.572
Females 2.1 (-1.77 to 6.01) 0.279
Ethnicity (Saudi) 3.73 (7.35 to 0.10) 0.044
Weight (kg) 0.05 (-0.09 to 0.20) 0.456
Body mass index (kg/m2) -0.24 (-0.63 to 0.16) 0.233
Age (years) 0.04 (-0.12 to 0.19) 0.644
Glycated hemoglobin (HbA1c%) -0.28 (-1.17 to 0.61) 0.528
Total cholesterol 0.88 (-2.72 to 4.47) 0.628
Low-density lipoprotein (mmol/L) -0.87 (-4.78 to 3.04) 0.655
Type 2 diabetes 0.10 (-5.77 to 5.98) 0.972
Hypothyroidism -0.41(-5.19 to 4.36) 0.862
Concomitant treatment with insulin 1.37 (-1.80 to 4.53) 0.390
Concomitant treatment with Metformin -1.45 (-5.82 to 2.93) 0.509 
Concomitant treatment with Orlistat -4.64 (-11.04 to 1.77) 0.152  
*Change in weight from baseline to 12 months of liraglutide treatment as the 
dependent variable. Adjusted R2 was 0.215.

Figure 3. Scatterplot of changes in body weight (kg) and glycated hemoglo-
bin (%).

to -2.26%) after treatment with 
liraglutide. While our finding 
was consistent with the lower 
limit reduction (-0.58%), this 
variation can be attributed  
to the high baseline level 
(8.54%) reported in our sam-
ple. However, a -0.58% reduc-
tion in HbA1c is considered 
clinically significant [45]. Tr- 
eatment with 1.8 mg liraglu-
tide was associated with im- 
provement of the lipid profile. 
Significant reductions were 
observed in TG (P < 0.001) and 
total cholesterol (P < 0.004), 
and no significant changes 
were found in LDL and HDL 
cholesterol levels [46]. Another 
observational study found that 
after 12 months of treatment 
with liraglutide, the LDL cho-
lesterol level was significantly 
reduced at 12 months, while 
HDL cholesterol tended to 
increase [47]. In our study, a 
significant change from base-
line reduction was observed in 
the LDL and total cholesterol 
levels, -0.33 ± 0.65 mmol/L (P 
< 0.001) and -0.38 ± 0.67 
mmol/L (P < 0.001), respec-
tively. This difference could be 
partially explained by the small 
sample size; however, this find-
ing could also be due to a nor-
mal lipid profile at the baseline 
[48].

In an exposure-response anal-
ysis of the Satiety and Clinical 
Adiposity - Liraglutide Evidence 
(SCALE) trials [49], it was 
revealed that liraglutide had 
gender-dependent influences 
on weight loss. On average, 
women had a greater reduc-
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months, glycemic control parameters, BP, and 
lipid profiles did not differ significantly among 
male and female patients.

We observed in the multiple regression analy-
ses that concomitant treatment with Metformin, 
insulin, or Orlistat was not associated with a 
significant weight loss. On the contrary, the 
non-Saudis showed a significant positive corre-
lation with weight reduction, although this 
might be explained partially by the small sam-
ple size, genetic and cultural variations [14]. 
Several studies among the Saudi community 
observed the high prevalence of socioeconom-
ic risk factors that lead to the development of 
obesity [51, 52]. It can also be attributed to 
rapid urbanization in the last three decades 
that contributes to changes in eating and physi-
cal habits. A high fat and sugar diet with low 
physical activity leads to an increase in the 
prevalence of obesity among the Saudi popula-
tion, which may eventually lead to CVD develop-
ment [53].

Limitations and strengths of the study

This was an observational study representing 
actual clinical practice at KKUH and faced sev-
eral limitations. The data was collected from 
EMRs and could be exposed to documentation 
errors. Lack of complete information in some 
patients’ files limited us from recording diagno-
ses of hypertension and dyslipidemia, and 
other concomitant medications. We did not 
measure any safety profile or adherence to this 
medication. Due to the small sample size and 
the fact that it is a single center study where 
liraglutide is only prescribed by endocrinolo-
gists, we cannot generalize our findings to the 
Saudi population. 

Conclusion

Liraglutide shows several beneficial effects 
including a reduction in body weight, improve-
ment in glycemic control and a reduction in BP, 
LDL, and total cholesterol. Liraglutide and other 
GLP-1 agonists are promising treatments in the 
management of obese and overweight patients, 
especially diabetics.

Acknowledgements

We would like to thank our family and friends. 
Special thanks for support by the College of 

Medicine Research Center, Deanship of 
Scientific Research, King Saud University, 
Riyadh, Saudi Arabia.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Leena R Baghdadi, 
Department of Family and Community Medicine, 
College of Medicine, King Saud University, Riyadh 
11362, Saudi Arabia. Tel: +966 11 467 0836, +966 
501 235 269; Fax: +966 11 467 0836; E-mail: lba-
ghdadi@ksu.edu.sa

References

[1]	 Hruby A and Hu FB. The epidemiology of obe-
sity: a big picture. Pharmacoeconomics 2015; 
33: 673-689.

[2]	 Organization WH. Overweight and obesity in 
the Western Pacific Region: an equity perspec-
tive. Manila: WHO Regional Office for the West-
ern Pacific; 2017.

[3]	 Chalk MB. Obesity: addressing a multifactorial 
disease. Case Manager 2004; 15: 47-49.

[4]	 Hales CM, Carroll MD, Fryar CD and Ogden CL. 
Prevalence of obesity among adults and youth: 
United States, 2015-2016. NCHS Data Brief 
2017: 1-8.

[5]	 Al-Shehri F, Moqbel M, Al-Khaldi Y, Al-Shahrani 
A, Abu-Melha W, Alqahtani A, Sabbahi A, Al-
kaud A, Alfalah H, Alqumaizi K and Saeedi M. 
Prevention and management of obesity: saudi 
guideline update. Saudi J Obes 2016; 4: 25-
40.

[6]	 Anderson JW and Konz EC. Obesity and dis-
ease management: effects of weight loss on 
comorbid conditions. Obes Res 2001; 9: 326S-
334S.

[7]	 Agrawal N, Agrawal MK, Kumari T and Kumar 
S. Correlation between body mass index and 
blood glucose levels in Jharkhand population. 
IJCMR 2017; 4: 1633-1636.

[8]	 Dua S, Bhuker M, Sharma P, Dhall M and Ka-
poor S. Body mass index relates to blood pres-
sure among adults. N Am J Med Sci 2014; 6: 
89.

[9]	 Shamai L, Lurix E, Shen M, Novaro GM, Szom-
stein S, Rosenthal R, Hernandez AV and Asher 
CR. Association of body mass index and lipid 
profiles: evaluation of a broad spectrum of 
body mass index patients including the mor-
bidly obese. Obes Surg 2011; 21: 42-47.

[10]	 Linderman GC, Lu J, Lu Y, Sun X, Xu W, Nasir K, 
Schulz W, Jiang L and Krumholz HM. Associa-
tion of body mass index with blood pressure 
among 1.7 million Chinese adults. JAMA Net-
work Open 2018; 1: e181271.

mailto:lbaghdadi@ksu.edu.sa
mailto:lbaghdadi@ksu.edu.sa


Relationship between exposure to liraglutide and weight loss

2444	 Int J Clin Exp Med 2021;14(10):2435-2445

[11]	 Ford ES, Williamson DF and Liu S. Weight 
change and diabetes incidence: findings from 
a national cohort of US adults. Am J Epidemiol 
1997; 146: 214-222.

[12]	 Tremmel M, Gerdtham UG, Nilsson PM and 
Saha S. Economic burden of obesity: a system-
atic literature review. Int J Environ Res Public 
Health 2017; 1: 435.

[13]	 Spatharou A. Overcoming obesity: an initial 
economic analysis. McKinsey Glob Institute. 
Retrieved April 2014; 21: 2015.

[14]	 M Alqarni SS. A review of prevalence of obesity 
in Saudi Arabia. J Obes Eat Disord 2016; 2.

[15]	 Alamuddin N, Bakizada Z and Wadden TA. 
Management of obesity. J Clin Oncol 2016; 34: 
4295-4305.

[16]	 Curioni CC and Lourenco PM. Long-term weight 
loss after diet and exercise: a systematic re-
view. Int J Obes 2005; 29: 1168-1174.

[17]	 Gloy VL, Briel M, Bhatt DL, Kashyap SR, Schau-
er PR, Mingrone G, Bucher HC and Nordmann 
AJ. Bariatric surgery versus non-surgical treat-
ment for obesity: a systematic review and me-
ta-analysis of randomised controlled trials. 
BMJ 2013; 347: f5934..

[18]	 Garvey WT, Mechanick JI, Brett EM, Garber AJ, 
Hurley DL, Jastreboff AM, Nadolsky K, Pessah-
Pollack R and Plodkowski R. American Associa-
tion of Clinical Endocrinologists and American 
College of Endocrinology comprehensive clini-
cal practice guidelines for medical care of pa-
tients with obesity. Endocr Pract 2016; 22: 
1-203.

[19]	 Jensen MD, Ryan DH, Apovian CM, Ard JD, Co-
muzzie AG, Donato KA, Hu FB, Hubbard VS, 
Jakicic JM, Kushner RF and Loria CM. 2013 
AHA/ACC/TOS guideline for the management 
of overweight and obesity in adults: a report of 
the American College of Cardiology/American 
Heart Association Task Force on Practice 
Guidelines and The Obesity Society. J Am Coll 
Cardiol 2014; 63: 2985-3023.

[20]	 Fried M, Yumuk V, Oppert JM, Scopinaro N, Tor-
res A, Weiner R, Yashkov Y and Frühbeck G. 
Interdisciplinary European guidelines on meta-
bolic and bariatric surgery. Obes Surg 2014; 
24: 42-55.

[21]	 Jacobsen LV, Flint A, Olsen AK and Ingwersen 
SH. Liraglutide in type 2 diabetes mellitus: 
clinical pharmacokinetics and pharmacody-
namics. Clin Pharmacokinet 2016; 55: 657-
672.

[22]	 Scheen AJ and Van Gaal LF. Liraglutide (Victo-
za®): human glucagon-like peptide-1 used in 
once daily injection for the treatment of type 2 
diabetes. Rev Med Liege 2010; 65: 464-470.

[23]	 Scott LJ. Liraglutide: a review of its use in the 
management of obesity. Drugs 2015; 75: 899-
910.

[24]	 Secher A, Jelsing J, Baquero AF, Hecksher-Sø-
rensen J, Cowley MA, Dalbøge LS, Hansen G, 
Grove KL, Pyke C, Raun K and Schäffer L. The 
arcuate nucleus mediates GLP-1 receptor ago-
nist liraglutide-dependent weight loss. J Clin 
Invest 2014; 124: 4473-4488.

[25]	 Khera R, Murad MH, Chandar AK, Dulai PS, 
Wang Z, Prokop LJ, Loomba R, Camilleri M and 
Singh S. Association of pharmacological treat-
ments for obesity with weight loss and adverse 
events: a systematic review and meta-analysis. 
JAMA 2016; 315: 2424-2434.

[26]	 Astrup A, Rössner S, Van Gaal L, Rissanen A, 
Niskanen L, Al Hakim M, Madsen J, Rasmus-
sen MF and Lean ME; NN8022-1807 Study 
Group. Effects of liraglutide in the treatment of 
obesity: a randomised, double-blind, placebo-
controlled study. Lancet 2009; 374: 1606-
1616.

[27]	 Davies MJ, Bergenstal R, Bode B, Kushner RF, 
Lewin A, Skjøth TV, Andreasen AH, Jensen CB 
and DeFronzo RA; NN8022-1922 Study Group. 
Efficacy of liraglutide for weight loss among pa-
tients with type 2 diabetes: the scale diabetes 
randomized clinical trial. JAMA 2015; 314: 
687-699.

[28]	 Kolotkin RL, Fujioka K, Wolden ML, Brett JH 
and Bjorner JB. Improvements in health�������-������relat-
ed quality of life with liraglutide 3.0 mg com-
pared with placebo in weight management. 
Clin Obes 2016; 6: 233-242.

[29]	 Seino Y, Rasmussen MF, Katayama Y and Kaku 
K. Liraglutide is statistically superior to gliben-
clamide at controlling glycemia and weight, 
with low hypoglycemic risk, and improves beta-
cell function in Japanese subjects with T2D. 
American Diabetes Assoction 2009; 6: 143-
149. 

[30]	 Seino Y, Rasmussen MF, Zdravkovic M and 
Kaku K. Dose-dependent improvement in gly-
cemia with once-daily liraglutide without hypo-
glycemia or weight gain: a double-blind, ran-
domized, controlled trial in Japanese patients 
with type 2 diabetes. Diabetes Res Clin Pract 
2008; 81: 161-168.

[31]	 Ghuman NK, Saadah LM, Al Najjar MS, Sha-
heen DY, Am SI and Al Ali MM. Effectiveness of 
liraglutide in type II diabetes mellitus manage-
ment: experience in Emirati patients. Clin Med 
Insights Endocrinol Diabetes 2015; 8: 67-72.

[32]	 Vilsbøll T, Christensen M, Junker AE, Knop FK 
and Gluud LL. Effects of glucagon-like pep-
tide-1 receptor agonists on weight loss: sys-
tematic review and meta-analyses of ran-
domised controlled trials. BMJ 2012; 344: 
d7771.

[33]	 Albarkah Y, Tourkmani A, Bin Rsheed A, Al Har-
bi T, Ebeid Y and Bushnag R. Effects of liraglu-
tide addition to multiple diabetes regimens on 



Relationship between exposure to liraglutide and weight loss

2445	 Int J Clin Exp Med 2021;14(10):2435-2445

weight and risk of hypoglycemia for a cohort 
with type 2 diabetes followed in primary care 
clinics in Saudi Arabia. J Fam Med Prim Care 
2019; 8: 1919.

[34]	 Al Hayek AA, Robert AA and Al Dawish MA. Clin-
ical characteristics and satisfaction of liraglu-
tide treatment among patients with type 2 dia-
betes: a prospective study. Clin Med Insights 
Endocrinol Diabetes 2019; 12: 1179551419- 
834935.

[35]	 Memish ZA, El Bcheraoui CE, Tuffaha M, Robin-
son M, Daoud F, Jaber S, Mikhitarian S, Al 
Saeedi M, AlMazroa MA, Mokdad AH and Al 
Rabeeah AA. Obesity and associated factors - 
Kingdom of Saudi Arabia, 2013. Prev Chronic 
Dis 2014; 11: E174.

[36]	 Mirabelli M, Chiefari E, Caroleo P, Arcidiacono 
B, Corigliano DM, Giuliano S, Brunetti FS, Tan-
yolaç S, Foti DP, Puccio L and Brunetti A. Long-
term effectiveness of liraglutide for weight 
management and glycemic control in type 2 
diabetes. Int J Environ Res Public Health 2020; 
17: 207.

[37]	 Pi-Sunyer X, Astrup A, Fujioka K, Greenway F, 
Halpern A, Krempf M, Lau DC, Le Roux CW, Vio-
lante Ortiz R, Jensen CB and Wilding JP. A ran-
domized, controlled trial of 3.0 mg of liraglu-
tide in weight management. N Engl J Med 
2015; 373: 11-22.

[38]	 Wadden TA, Hollander P, Klein S, Niswender K, 
Woo V, Hale PM and Arron L. Weight mainte-
nance and additional weight loss with liraglu-
tide after low-calorie-diet-induced weight loss: 
the SCALE maintenance randomized study. Int 
J Obes 2013; 37: 1443-1451.

[39]	 Ryan DH and Yockey SR. Weight loss and im-
provement in comorbidity: differences at 5%, 
10%, 15%, and over. Curr Obes Rep 2017; 6: 
187-194.

[40]	 Hamman RF, Wing RR, Edelstein SL, Lachin 
JM, Bray GA, Delahanty L, Hoskin M, Kriska 
AM, Mayer-Davis EJ, Pi-Sunyer X and Regen-
steiner J. Effect of weight loss with lifestyle in-
tervention on risk of diabetes. Diabetes Care 
2006; 29: 2102-2107.

[41]	 Knowler WC, Barrett-Connor E, Fowler SE, 
Hamman RF, Lachin JM, Walker EA and Na-
than DM. Reduction in the incidence of type 2 
diabetes with lifestyle intervention or metfor-
min. N Engl J Med 2002; 346: 393-403.

[42]	 Del Olmo-Garcia MI and Merino-Torres JF. GLP-
1 receptor agonists and cardiovascular dis-
ease in patients with type 2 diabetes. J Diabe-
tes Res 2018; 2018: 4020492.

[43]	 Whelton PK and Williams B. The 2018 Euro-
pean Society of Cardiology/European Society 
of Hypertension and 2017 American College of 
Cardiology/American Heart Association blood 
pressure guidelines: more similar than differ-
ent. JAMA 2018; 320: 1749-1750.

[44]	 Ostawal A, Mocevic E, Kragh N and Xu W. Clini-
cal effectiveness of liraglutide in type 2 diabe-
tes treatment in the real-world setting: a sys-
tematic literature review. Diabetes Ther 2016; 
7: 411-438.

[45]	 Wu Y, Tang L, Zhang F, Yan Z, Li J and Tong N. 
Evaluation of the HbA1c reduction cut point for 
a nonglycemic effect on cardiovascular benefit 
of hypoglycemic agents in patients with type 2 
diabetes based on endpoint events. Int J Endo-
crinol 2018; 2018: 8457538.

[46]	 Lapolla A, Frison V, Bettio M, Pos MD, Rocchini 
P, Panebianco G, Tadiotto F, Da Tos V, Maran-
goni A, Ferrari M and Pianta A. Correlation be-
tween baseline characteristics and clinical out-
comes in a large population of diabetes 
patients treated with liraglutide in a real-world 
setting in Italy. Clin Ther 2015; 37: 574-584.

[47]	 Inoue K, Maeda N, Fujishima Y, Fukuda S, 
Nagao H, Yamaoka M, Hirata A, Nishizawa H, 
Funahashi T and Shimomura I. Long-term im-
pact of liraglutide, a glucagon-like peptide-1 
(GLP-1) analogue, on body weight and glyce-
mic control in Japanese type 2 diabetes: an 
observational study. Diabetol Metab Syndr 
2014; 6: 1-9.

[48]	 Institute for Quality and Efficiency in Health 
Care. High cholesterol: overview. IQWiG 2017; 
3: 574-584.

[49]	 Wilding JP, Overgaard RV, Jacobsen LV, Jensen 
CB and le Roux CW. Exposure-response analy-
ses of liraglutide 3.0 mg for weight manage-
ment. Diabetes Obes Metab 2016; 18: 491-
499.

[50]	 Papathanasiou T, Strathe A, Agersø H, Lund 
TM and Overgaard RV. Impact of dose-escala-
tion schemes and drug discontinuation on 
weight loss outcomes with liraglutide 3.0 mg: a 
model-based approach. Diabetes Obes Metab 
2020; 22: 969-977.

[51]	 Al-Saeed WY, Al-Dawood KM, Bukhari IA and 
Bahnassy A. Prevalence and socioeconomic 
risk factors of obesity among urban female 
students in Al-Khobar city, Eastern Saudi Ara-
bia, 2003. Obes Rev 2007; 8: 93-99.

[52]	 Akbar DH, Ahmed MM and Algamdi AA. Cardio-
vascular risk factors in Saudi Arabian and non-
Saudi Arabian diabetic patients in Saudi Ara-
bia. East Mediterr Heal J 2003; 9: 884-892.

[53]	 Alhyas L, Mckay A, Balasanthiran A and Ma-
jeed A. Prevalences of overweight, obesity, hy-
perglycaemia, hypertension and dyslipidaemia 
in the Gulf: systematic review. JRSM Short Rep 
2011; 2: 1-6.


