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Abstract Öz 
Purpose: In patients with uncontrolled type 2 diabetes 
mellitus (T2DM) on insulin therapy, increasing the insulin 
doses is most commonly preferred as the first choice to 
achieve glycaemic control. We evaluated the efficacy of 
initiating exenatide combination with oral antidiabetics 
(OAD) instead of insulin therapy.  
Materials and Methods: We examined all 61 
uncontrolled T2DM patients had greater than 2 ng/ml C-
peptide levels and were switched from insulin and 
metformin therapy to exenatide combination with OAD in 
the period of 2015 – 2017. For examination, the patients 
were divided into 3 groups according to their insulin 
regimen as basal insulin alone, biphasic insulin and basal-
bolus insulin groups. The fasting blood glucose (FBG), 
HbA1c and C-peptide levels of the patients were recorded 
before and at the 6th month of treatment. 
Results: After the 6th month of the exenatide-based 
treatment, results show that the HbA1c levels were 
significantly lower than which had been evaluated before 
this treatment. By the end of the study, 14 of the 61 
patients treated with exenatide and OAD achieved to 
decrease the HbA1c levels under 7.0%. FBG also 
decreased with the exenatide and OAD treatment.  
Conclusion: We demonstrated that in order to achieve 
glycaemic control, exenatide-based therapy could be a 
better therapeutic option than increasing insulin doses with 
insulin and metformin treatment in patients who have 
uncontrolled T2DM with insulin regimens.  

Amaç: İnsülin tedavisi altındaki kontrolsüz tip 2 diyabetes 
mellitus hastalarında glisemik kontrolü sağlamak için en sık 
tercih edilen yöntem insülin dozlarını arttırmaktır. Bu 
çalışmada, bu grup hastalarda insülin tedavisi yerine 
eksenatid ile oral antidiyabetik (OAD) kombinasyonunun 
etkisini değerlendirdik. 
Gereç ve Yöntem: 2015-2017 arasında, C-peptid 
düzeyleri 2 ng/ml’nin üzerinde olan, insülin ve metformin 
tedavisi altında kontrolsüz seyrederken eksenatid ve OAD 
tedavisine geçilen 61 hasta çalışmaya alındı. Hastalar 
kullandıkları insulin rejimlerine göre, sadece bazal insülin, 
bifazik insülin ve bazal-bolus insülin grubu olarak 3 gruba 
ayrıldı. Hastaların tedavi değişikliği öncesi ve tedavinin 6. 
ayında açlık kan şekerleri, HbA1c ve C-peptid düzeylerine 
bakıldı. 
Bulgular: Eksenatid bazlı tedavinin 6. ayında HbA1c 
düzeylerinde tedavi değişikliği öncesine göre anlamlı 
azalma görüldü. Çalışmanın sonunda, eksenatid ve OAD 
tedavisi alan 61 hastanın 14’ünde HbA1c değeri %7’nin 
altına düştü. Eksenatid ve OAD tedavisiyle açlık kan 
şekerinde de azalma görüldü. 
Sonuç: Bu çalışmada insülin ve metformin tedavisi 
altındayken kontrolsüz seyreden T2DM hastlarında 
eksenatid bazlı tedaviye geçişin glisemik kontrolü 
sağlamakta insülin dozunu arttırmaktan daha iyi bir tedavi 
seçeneği olduğunu gösterdik. 

Keywords:. Type 2 diabetes mellitus, exenatide, insulin 
treatment, c-peptide 

Anahtar kelimeler: C-peptid, eksenatid, insülin tedavisi, 
tip 2 diyabetes mellitus 

 

https://orcid.org/0000-0002-0249-9867
https://orcid.org/0000-0003-4410-2212
https://orcid.org/0000-0002-7001-4075
https://orcid.org/0000-0002-8140-874X
https://orcid.org/0000-0002-9552-6296


Cilt/Volume 45 Yıl/Year 2020       Effect of exenatide based therapy in diabetes mellitus  
 

 821 

INTRODUCTION 

Type 2 diabetes mellitus (T2DM) is the most 
common form of diabetes resulting from insulin 
resistance and inadequate insulin secretion, affecting 
approximately 85%–90% of diabetic individuals. 
Many treatment options have been developed to 
regulate blood glucose homeostasis1. When insulin 
regimens fail to provide the adequate glycaemic 
target, increasing the insulin doses is the appropriate 
treatment choice depending on the patients’ needs2. 
However, increasing the insulin levels causes weight 
gain and obesity3, and high levels of insulin cause 
insulin resistance. Nevertheless, despite the usage of 
high doses of insulin, many patients do not achieve 
their glycaemic goals and suffer from the unpleasant 
effects of insulin treatment such as hypoglycaemia 
and weight gain4. The combination of glucagon-like 
peptide-1 receptor agonist (GLP-1RA) and oral 
antidiabetics (OAD) represents an encouraging 
method of glycaemic control because of the 
complementary mechanisms of action of these 
therapies5. A meta-analysis of clinical trials reported 
by Eng et al. showed that the GLP-1RA-based 
therapies resulted in a potent glycaemic goal without 
increased risk of hypoglycaemia or weight gain6,7.  

Conversely, some reports showed that 
ongoing therapy with GLP-1RA alone could result in 
inadequately controlled T2DM and adding insulin to 
GLP-1RA or switching to insulin therapy could 
improve glycaemic control in individuals who fail to 
respond to GLP-1RA therapy8,9. 

According to the scientific reports, there are 
controversial situation that which method among 
GLP-1RA combination with OAD and insulin 
therapy are more beneficial for the glycaemic control. 
Thus, we examined retrospectively the efficacy of 
GLP-1RA combination with OAD compared to 
insulin therapy. The primary aim of our study is 
evaluating the possible benefits of the altering insulin 
treatment to GLP-1RA treatment on plasma glucose 
and glycosylated haemoglobin (HbA1c).  

MATERIALS AND METHODS 

For the study, the data of 77 patients with poorly 
controlled T2DM whose treatments have been 
switched from insulin and metformin to exenatide 
based therapy in Selçuk University Endocrinology 

and Metabolism clinic between 2015-2017 are 
gathered and analyzed retrospectively.  

As exenatide was a new treatment experience for our 
clinic, the informations and complaints about the 
treatment of each patient whose exenatide therapy 
was initiated during in this two-year period was 
recorded for follow-up and the patients who were 
switched from insulin and metformin treatment to 
exenatide based therapy were included in this study. 
This study was carried out by the approval of the 
Ethics Committee of Selçuk University Faculty of 
Medicine dated 15.02.2018 and numbered 2018/02. 

As routine in our clinic, exenatide-based therapy is 
applied for the patients whose fasting C-peptide 
levels are above 2 ng/ml. Therefore, the population 
for the study includes patients whose fasting C-
peptide levels were at least 2 ng/ml. Moreover, 
because of the contraindications of the glucagone-
like peptide-1 receptor agonist (GLP-1RA) therapy, 
the patients had no history of pancreatitis, 
malignancies or chronic kidney disease. Furthermore, 
the patients who were elder than 18 years old and 
applied at least six months of insulin and metformin 
therapy before switched to the exenatide-based 
treatment were included in the study population. 

Since 10 of 77 patients did not continue to follow-up 
under the exenatide-based treatment and 6 of 77 
patients were unable to continue treatment due to 
adverse events –all of them complained nausea and 
vomiting-  of the treatment, we excluded them from 
the population and so the analysis. Hence, in our 
study, data of the 61 patients were used. For 
examination, the patients were divided into 3 groups 
according to their insulin regimen as basal insulin 
alone, biphasic insulin and basal-bolus insulin groups. 

As our clinic procedure, exenatide is applied at a dose 
of 5 mg twice a day and increased, if tolerated, to a 
maximum of 20 mg/day. For the 61 patients in our 
study, at the point of GLP-1RA treatment starts after 
insulin therapy, all of them were prescribed with 2000 
mg/day of metformin, 30 mg/day of pioglitazone 
and 60 mg/day of gliclazide. At the third month of 
the follow-up, the gliclazide dose was increased to 
120 mg/day for the patients whose HbA1c and 
fasting blood glucose (FBG) at above target levels. 
FBG, lipid profile and HbA1c values were extracted 
before and six months after the GLP-1RA-based 
treatment. 
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Statistical analysis 
The Kolmogorov–Smirnov normality test was used 
to determine the distribution pattern of the variables. 
Parametric tests were used for the normally 
distributed variables results, and the data were 
presented as the mean±SD. The normally distributed 
variables were compared using the chi-square test and 
one-way ANOVA, and the post hoc Bonferroni test 
was used for multiple comparisons.  Comparisons 
between groups of continuous variables were 
performed using Student’s t-test or the Mann–
Whitney U test. A paired sample t-test was used for 
comparing the treatment effects on the variables. The 
relationships among the variables were analysed using 
Pearson’s or Spearman’s rank correlation 
coefficients. Significance was assessed at P<0.05. 

RESULTS 

Our retrospective analysis included 61 patients (37 
female/24 male, mean age 52.2±10.1 year old, body 
mass index (BMI): 37.7±4.8 kg/m2). Disease 
duration of the patients was 13.04±7.7 years. Nine 

patients were prescribed with basal insulin 
medications, 20 with biphasic insulin and 32 with 
basal–bolus therapy. The nine basal insulin users 
were treated with an average dose of 42.8±12.6 units; 
the 20 biphasic insulin patients were prescribed with 
an average dose of 62.7±14.8 units; and the 32 basal–
bolus therapy patients were prescribed with an 
average dose of 68.5±16.2 units. HbA1c, FBG, lipid 
profile, C-peptide concentrations, weight and BMI 
values were not significantly different between the 
groups (p > 0.05; Table 1).  After six months of 
exenatide-based therapy, a statistically significant 
decrease was observed in HbA1c in the bolus insulin 
alone group (−2.6%), biphasic insulin group (−0.8%) 
and basal–bolus insulin group (−1.5%) (Table 2). 
Among the patients who received basal–bolus 
therapy at their baseline and changed to exenatide-
based therapy, approximately 21.9% had an HbA1c 
level less than or equal to 7% at the sixth month of 
follow-up (Table 3). The exenatide-based therapy 
also showed a statistically significantly decrease in 
FBG level compared to the level which was evaluated 
before the treatment (Table 3). 

Table 1. Laboratory characteristics and metabolic features of the patients before GLP-1-based therapy. 
(mean±SD) Basal insulin 

(n=9) 
Biphasic insulin 

(n=20) 
Basal-bolus 

(n=32) 
p 
 

Age  53.8±5.0 51.1±10.8 52.5±10.7 0.4 
Weight (kg) 90.0±17.2 103.4±15.4 96.1±14.0 0.1 
BMI (kg/m2) 36.2±4.9 39.2±5.9 37.3±3.5 0.3 
FBG (mg/dl) 192±80 231±80 245±82 0.2 
HbA1c (%) 9.6±1.7 9.7±1.9 10.1±1.8 0.7 
LDL-c (mg/dl) 114.9±41.4 116.8±37.2 113.5±32.3 0.9 
HDL-c (mg/dl) 39.2±5.8 40.3±10.9 43.3±9.9 0.4 
Triglyceride (mg/dl) 
Median (Q1-Q3) 

228 
(145-407) 

288 
(68-1718) 

377 
(55-1240) 

0.8 
 

C-Peptide (ng/ml) 3.1±1.1 2.8±0.6 3.4±1.1 0.1 
BMI: body mass index, FBG: fasting blood glucose, GLP-1: glucagon like peptide-1, HbA1c: glycosylated haemoglobin, HDL-c: high 
density lipoprotein cholesterol, LDL-c: low density lipoprotein cholesterol. 

Table 2. Laboratory characteristics and metabolic features of the patients after GLP-1-based therapy  
(mean±SD) Basal insulin 

(n=9) 
Biphasic insulin 

(n=20) 
Basal-bolus 

( n=32) 
p 

ANOVA 
Weight (kg) 87.8±17.7 102.0±17.4 95.5±15.4 0.2 
BMI (kg/m2) 35.8±4.7 37.3±5.6 36.7±3.2 0.7 
FBG (mg/dl) 150±30* 186±87 186±76 0.001 
HbA1c (%) 7.0±0.9* 8.9±2.5 8.4±2.5 0.001 
LDL-c (mg/dl) 98±49 109±28 114.8±31.9 0.6 
HDL-c (mg/dl) 41.5±8.8 40.8±9.9 39.8±8.7 0.5 
Triglyceride (mg/dl) 
Median (Q1-Q3) 

221 
(145-407) 

201 
(68-1718) 

241 
(55-1240) 

0.1 

C-Peptide (ng/ml) 3.1±1.1 2.8±0.6 3.4±1.1 0.1 
FBG: fasting blood glucose, HbA1c: glycosylated haemoglobin, HDL-c: high density lipoprotein cholesterol, LDL-c: low density 
lipoprotein cholesterol.  BMI:  Body mass index  
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Among the 20 patients in the biphasic insulin group 
who switched to the exenatide-based therapy, 25% 
were at the HbA1c target (≤ 7.0%) at the sixth month 
of follow-up (Table 3). FBG level showed a 
significant decrease after exenatide-based therapy 
compared to the level which was evaluated before the 
treatment (Table 3).  

Six months after exenatide-based therapy, 22.2% of 
the patients who switched from the basal insulin 
treatment achieved an HbA1c level less than or equal 
to 7% (Table 3). FBG level decreased 42 mg/dl after 

exenatide-based therapy compared to the level which 
was evaluated before the treatment (Table 3; p=0.01).  

Because of the retrospective nature of the study, 
weight and BMI records of 33 out of 61 patients at 
the beginning and six months after exenatide-based 
treatment could be gathered (7 of 9 patients in basal 
insulin group, 7 of 20 patients in biphasic insulin 
group and 19 of 32 patients in basal-bolus insulin 
group). Records showed that only basal-bolus insulin 
group had a significant decrease in weight and BMI 
after switching to exenatide-based therapy (Table 3; 
p=0.01). 

Table 3. Changes in HbA1c and FBG after switching from insulin treatment to GLP-1-based therapy. 
 FBG 

(mg/dl) 
HbA1c 
(%) 

Weight 
(kg) 

BMI 
(kg/m2) 

p^ p* pβ 
 

p¥ 
 

pµ 

Pre- Post 
treatment 
response with 
GLP-1 agonist 
based therapy in 
basal insulin 
group 

192±82 
versus 
150.3±29.8 

9.6±1.7 
versus 
7.0±0.9 

90.0±17.2 
versus 
87.8±17.7 

36.2±4.9 
versus 
35.8±4.7 

0.2 0.2 0.01 0.07 2/9 
(22.2%) 

Pre- Post 
treatment 
response with 
GLP-1 agonist 
based therapy in 
biphasic insulin 
group 

230.5±79.8 
versus 
186.87±69.8 

9.7±1.9 
versus 
8.9±2.5 

103.4±15.4 
versus 
102.0±17.4 

39.2±5.9 
versus 
37.3±5.6 

0.8 0.7 0.003 0.035 5/20 
(25%) 

Pre- Post 
treatment 
response with 
GLP-1 agonist 
based therapy in 
basal-bolus 
insulin group 

245.0±81.6 
versus 
185.69±75.5 

10.1±1.8 
versus 
8.4±2.5 

96.1±14.0 
versus 
95.5±15.4 

37.3±3.5 
versus 
36.7±3.2 

0.01 0.01 0.018 0.027 7/32 
(21.9%) 

FBG: fasting blood glucose, GLP-1: glucagon like peptide-1, HbA1c: glycosylated haemoglobin, OAD: oral anti diabetic. 
p^ Pre vs. Post GLP-1 based therapy for weight; p* Pre vs. Post GLP-1 based therapy for BMI pβ Pre vs. Post GLP-1 based therapy for 
FBG p¥   The percentage of patients at HbA1c target (≤7.0%) after sixth months of GLP-1 based therapy 
 
 
DISCUSSION 

In this study, after six months from exenatide-based 
treatment starts in patients with uncontrolled T2DM 
resulted in reduced HbA1c and FBG levels and it is 
found that the switch from biphasic insulin, basal 
alone, or basal–bolus therapy to the exenatide-based 
therapy was associated with improved glycaemic 
control. The efficacy of the GLP-1RA-based therapy 
in this study is more promising than the study of 
Bruinstroop et al10 that 60 patients were followed-up 
for 12 months after the insulin-to-liraglutide switch. 

The researchers found that switching from insulin to 
the GLP-1RA-based therapy showed no 
improvement in glycaemic control10. The reason for 
this result could be the low C-peptide levels of the 
selected patients because the clinical markers of the 
low beta cell function were associated with the 
reduced glycaemic response to the GLP-1RA-based 
therapy11. In Bruinstroop et al. study, most of the 
patients’ C-peptide levels were less than 2 ng/ml. In 
another report, Davis et al. observed no 
improvement in glycaemic control in a 16-week study 
after the patients’ treatments were switched from 
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insulin to exenatide12. The researchers reported a 
deteriorated glucose control in the patients who had 
a low endogenous β-cell function after switching 
from insulin therapy to exenatide12 because the C-
peptide is a good marker of the remaining beta cell 
capacity in diabetic patients13. In contrast to these 
studies showing that the GLP-1RA-based therapy is 
not effective10,12, other studies demonstrated the 
augmentation of glycaemic control when switching 
from insulin treatment to the GLP-1RA-based 
therapy14-16. Only one of these studies emphasised the 
usefulness of C-peptide levels16. Iwao et al. argued 
that fasting C-peptide and postprandial C-peptide 
levels could be useful markers in predicting the 
success of switching from insulin therapy to 
liraglutide therapy16. Switching from insulin therapy 
to liraglutide monotherapy was found to be 
successful in achieving good glycaemic control when 
fasting C-peptide levels were at least 1.8 ng/ml16. In 
our study, we began the GLP-1RA-based therapy in 
uncontrolled T2DM patients who had greater than 2 
ng/ml of C-peptide levels. Our findings are generally 
consistent with Iwao et al.’s16 and we achieved good 
glycaemic control (HbA1c < 7%) in 21.9%–25% of 
the study population. Currently, the amount of 
glucose level reduction when the GLP-1RA-based 
treatment is given instead of insulin therapy cannot 
be predicted. Nevertheless, Kawata et al. investigated 
this issue and found that a below the daily insulin 
dose of 19 units and a disease duration of nine years 
at most could be predictors of the advisability of 
switching from insulin therapy to GLP-1RA-based 
medication15. In our study, the disease duration of the 
patients was 13.0±7.7 years, and the patients received 
insulin doses of over 40 units per day. For this reason, 
the results showed that only 21.9%–25% of the 
participants reached to HbA1c target during follow-
up. Although our study found that the rate of 
achieving glycaemic targets with the GLP-1RA-based 
therapy was lower than expected, a statistically 
significant change was found in HbA1c and FBG 
level after switching from insulin treatment to the 
GLP-1RA-based therapy. Finally, this study revealed 
that switching to the GLP-1RA-based therapy 
significantly lowered the HbA1c levels of 
uncontrolled T2DM patients who had at least 2 
ng/ml of C-peptide levels. 

Liraglutide exhibits a greater than 97% amino acid 
sequence homology with human GLP-1, whereas 
exenatide exhibits only 53%17. Although exenatide is 
parallel in its nature to liraglutide, the differences in 
its pharmacokinetic and pharmacodynamic features 

resulted in different anti-hyperglycaemic effects in 
our study.  

The main advantage of the injectable GLP-1 
analogues like exenatide, liraglutide, lixisenatide is 
weight loss18. In Deng et al. study with the exenatide 
monotherapy, there was a significant weight loss in 
both obese and non-obese T2DM patients19. In our 
study, the only significant weight loss was realized in 
basal-bolus inulin group whose weight reduced from 
96.1 to 95.5 kg (p=0.01) and BMI reduced from 37.3 
to 36.7 kg/m2 (p=0.01). In the basal and biphasic 
insulin groups, there were also reduction in weight 
and BMI at the 6th month of the GLP-1RA-based 
therapy but reduction amounts were not statistically 
significant. We thought that this difference occurred 
because the number of patients’ weight records was 
different in accessibility manner among the 3 groups. 
Besides, we could not see the expected weight loss in 
the basal and biphasic insulin groups because of the 
effects of pioglitazone and gliclazide on weight gain 
which we used in therapy combination20. 

This study did not show any reduction in the lipid 
profile at the sixth month of follow-up in the patients 
treated with the GLP-1RA-based therapy. Normally, 
favorable changes in lipid profiles are expected with 
GLP-1RA-based treatment21. These contradictory 
outcomes in our study may be due to the differences 
in treatment duration or study population.  

The most common adverse effects of GLP-1RA 
treatment are gastrointestinal adverse events, 
predominantly nausea, vomiting and diarrhea22. In 
the Horowitz et al. study, mild, moderate and severe 
gastrointestinal adverse events are reported at the rate 
of 38.6%, 12.4% and 1.7% of exenatide twice-daily-
treated patients, respectively22. In the same study, 
discontinuation of the medication because of 
gastrointestinal adverse events is reported at the rate 
of 6% of the patients who were treated with exenatide 
twice-daily. In our study, there were 6 of 77 patients 
(7.7%) who discontinued the GLP-1RA due to 
nausea and vomiting despite anti-emetic treatment. 
Twenty eight of the remaing patients (46%) who 
continued the GLP-1RA-based treatment had nausea 
in the first week of the treatment but after that this 
complaint regressed. There were no other adverse 
events recorded in our study due to GLP-1RA-based 
therapy. 

This work had some limitations. First, this study was 
a retrospective and single‐centre analysis with a 
limited sample size. Second, we were not able to 
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access all of the patients’ weight records. Third, 
although postprandial serum C-peptide level is a 
useful parameter in predicting the success of the 
GLP-1RA therapy in patients with T2DM, we could 
not evaluate the postprandial C-peptide levels in this 
study.  

In conclusion we suggest that the change from insulin 
treatment to the GLP-1RA-based therapy may be a 
better option for uncontrolled T2DM patients who 
have an adequate β-cell reserve. Prospective studies 
with an adequate sample size are necessary to confirm 
the current findings.  

Yazar Katkıları: Çalışma konsepti/Tasarımı: SHİ, LK; Veri toplama: 
SHİ, SB, LK; Veri analizi ve yorumlama: SHİ, SB, LK; Yazı taslağı: 
COK, SHİ, LK; İçeriğin eleştirel incelenmesi: COK, SHİ, SB, HAT, LK;  
Son onay ve sorumluluk: COK, SHİ, SB, HAT, LK;  Teknik ve malzeme 
desteği: COK, HAT  Süpervizyon: COK, SHİ, SB; Fon sağlama (mevcut 
ise): yok. 
Etik Onay: Bu çalışma Selçuk Üniversitesi Tıp Fakültesi Etik 
Kurulu'nun 15.02.2018 tarih ve 2018/02 sayılı onayı ile yapılmıştır. 
Hakem Değerlendirmesi: Dış bağımsız. 
Çıkar Çatışması: Yazarlar çıkar çatışması beyan etmemişlerdir. 
Finansal Destek: Yazarlar finansal destek beyan etmemişlerdir. 
Author Contributions: Concept/Design : SHİ, LK; Data acquisition: 
SHİ, SB, LK; Data analysis and interpretation: SHİ, SB, LK; Drafting 
manuscript: COK, SHİ, LK; Critical revision of manuscript: COK, SHİ, 
SB, HAT, LK; Final approval and accountability: COK, SHİ, SB, HAT, 
LK;  Technical or material support: COK, HAT; Supervision: COK, 
SHİ, SB; Securing funding (if available): n/a. 
Ethical Approval: This study was carried out by the approval of the 
Ethics Committee of Selçuk University Faculty of Medicine dated 
15.02.2018 and numbered 2018/02. 
Peer-review: Externally peer-reviewed. 
Conflict of Interest: Authors declared no conflict of interest. 
Financial Disclosure: Authors declared no financial support 

REFERENCES 

1. Chamberlain JJ, Herman WH, Leal S, Rhinehart AS, 
Shubrook JH, Skolnik N et al. Pharmacologic therapy 
for type 2 diabetes: synopsis of the 2017 American 
Diabetes Association Standards of Medical Care in 
Diabetes. Ann Intern Med. 2017;166:572-8. 

2. Swinnen SG, Hoekstra JB, DeVries JH. Insulin 
therapy for type 2 diabetes. Diabetes Care. 
2009;32:253-9.  

3. Shaefer CF, Reid TS, Dailey G, Mabrey ME, Vlajnic 
A, Stuhr A, et al. Weight change in patients with type 
2 diabetes starting basal insulin therapy: correlates and 
impact on outcomes. Postgrad Med 2014;126:93-105. 

4. Church TJ, Haines ST. Treatment approach to 
patients with severe insulin resistance. Clin Diabetes 
2016;34:97-104. 

5. Vora J. Combining incretin-based therapies with 
insulin: realizing the potential in type 2 diabetes. 
Diabetes Care. 2013;36:226-32. 

6. Eng C, Kramer CK, Zinman B, Retnakaran R. 
Glucagon-like peptide-1 receptor agonist and basal 
insulin combination treatment for the management of 

type 2 diabetes: a systematic review and meta-analysis. 
Lancet. 2014;384:2228-34. 

7. Inzucchi SE, Bergenstal RM, Buse JB, Diamant M, 
Ferrannini E, Nauck M et al. Management of 
hyperglycemia in type 2 diabetes, 2015: a patient-
centered approach: update to a position statement of 
the American Diabetes Association and the European 
Association for the Study of Diabetes. Diabetes Care. 
2015;38:140-9. 

8. Balena R, Hensley IE, Miller S, Barnett AH. 
Combination therapy with GLP-1 receptor agonists 
and basal insulin: a systematic review of the literature. 
Diabetes Obes Metab. 2013;15:485-502. 

9. Montvida O, Klein K, Kumar S, Khunti K, Paul SK. 
Addition of or switch to insulin therapy in people 
treated with glucagon-like peptide-1 receptor agonists: 
A real-world study in 66 583 patients. Diabetes Obes 
Metab. 2017;19:108-17.  

10. Bruinstroop E, Meyer L, Brouwer C, van Rooijen DE, 
van Dam PS. Retrospective analysis of an insulin-to-
liraglutide switch in patients with type 2 diabetes 
mellitus. Diabetes Ther. 2018;9:1369-75.  

11. Jones AG, McDonald TJ, Shields BM, Hill AV, Hyde 
CJ, Knight BA, et al. PRIBA Study Group. Markers of 
β-Cell Failure Predict Poor Glycemic Response to 
GLP-1 Receptor Agonist Therapy in Type 2 Diabetes. 
Diabetes Care. 2016;39:250-7.  

12. Davis SN, Johns D, Maggs D, Xu H, Northrup JH, 
Brodows RG. Exploring the substitution of exenatide 
for insulin in persons with type 2 diabetes treated with 
insulin in combination with oral antidiabetes agents. 
Diabetes Care. 2007;30:2767-72. 

13. Leighton E, Sainsbury CA, Jones GC. A practical 
review of C-peptide testing in diabetes. Diabetes Ther 
2017;8:475-87. 

14. Usui R, Yabe D, Kuwata H, Fujiwara S, Watanabe K, 
Hyo T et al. Retrospective analysis of safety and 
efficacy of insulin-to-liraglutide switch in Japanese 
type 2 diabetes: a caution against inappropriate use in 
persons with reduced β-cell function. J Diabetes 
Investig. 2001;4:585-94. 

15. Kawata T, Kanamori A, Kubota A, Maeda H, 
Amamiya H, Takai M et al. Is a switch from insulin 
therapy to liraglutide possible in Japanese type 2 
diabetes mellitus persons? J Clin Med Res. 2014;6:138-
44.  

16. Iwao T, Sakai K, Sata M. Postprandial serum C-
peptide is a useful parameter in the prediction of 
successful switching to liraglutide monotherapy from 
complex insulin therapy in Japanese persons with type 
2 diabetes. J Diabetes Complicat. 2013;27:87-91.  

17. A. Lund, F.K. Knop, T. Vilsbøll, Glucagon-like 
peptide-1 receptor agonists for the treatment of type 
2 diabetes: differences and similarities. Eur J Intern 
Med. 2014;25:407-14. 

18. Bajaj S. RSSDI clinical practice recommendations for 
the management of type 2 diabetes mellitus 2017. Int 
J Diabetes Dev Ctries. 2018;38:1-115. 



Kıraç et al. Cukurova Medical Journal 
 

 826 

19. Deng H, Lin S, Yang X, Lv J, Luo S, Zeng L et al. 
Effect of baseline body mass index on glycemic 
control and weight change with exenatide 
monotherapy in Chinese drug-naive type 2 diabetic 
patients. J Diabetes. 2019;11:509-18. 

20. Domecq JP, Prutsky G, Leppin A, Sonbol MB, 
Altayar O, Undavalli C et al. Clinical review; Drugs 
commonly associated with weight change: a 
systematic review and meta-analysis. J Clin 
Endocirnol Metab. 2015;100:363-70. 

21. Sun F, Wu S, Wang J, Guo S, Chai S, Yang Z et al. 
Effect of glucagon-like peptide-1 receptor agonists on 
lipid profiles among type 2 diabetes: a systematic 
review and network meta-analysis. Clin Ther. 
2015;37:225-41. 

22. Horowitz M, Aroda VR, Han J, Hardy E, Rayner CK. 
Upper and/or lower gastrointestinal adverse events 
with glucagon-like peptide-1 receptor agonists: 
Incıdence and consequences. Diabetes Obes Metab. 
2017;19:672-81. 

 

 


	ARAŞTIRMA / RESEARCH
	INTRODUCTION
	MATERIALS AND METHODS
	Statistical analysis

	RESULTS
	DISCUSSION
	REFERENCES

