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                     Abstract 
  Objective     This study aimed to identify reliable predictors of haemoglobin A1c (HbA1c) reduction and weight loss within 

6 months after treatment with exenatide. 

   Methods     A total of 343 patients with type 2 diabetes mellitus were examined and followed up for 12 months. The study 

patients were divided into two groups: responders and non-responders, which were defi ned based on their glycemic control 

(responders: HbA1c reduction of ≥ 1.0%) and weight response (responders: weight loss of ≥ 3%) within 6 months after exena-

tide administration. Binary logistic regression analysis was performed to identify the predictors associated with exenatide 

response, and a receiver operating characteristic (ROC) curve was plotted to assess the predictive ability of the identifi ed 

factors. 

   Results     Of the 148 patients who met the inclusion criteria, 53 (35.81%) were responders and 95 (64.19%) were non-

responders. Binary logistic regression analysis revealed that baseline HbA1c, baseline weight, and duration of diabetes were 

signifi cant predictors of glycemic and weight responses to exenatide. The area under the curve of the ROC for the predictors 

of HbA1c and weight responses within 6 months after exenatide initiation was 0.765 (95% confi dence interval: 0.686–0.845). 

   Conclusion     Baseline HbA1c, baseline weight, and duration of diabetes may serve as predictors for glycemic and weight 

responses to exenatide. 

    Keywords     Exenatide    ·  Type 2 diabetes mellitus    ·  Glycemic response    ·  Weight response    ·  Predictor  

      Introduction 

 Type 2 diabetes mellitus (T2DM) is a metabolic disease 

characterised by hyperglycaemia. Without timely interven-

tion and treatment, it may eventually bring about life-threat-

ening microvascular and macrovascular complications [ 1 ]. 

Maintaining tight glycemic control in patients with T2DM 

may prevent or reduce the risk of progression to some com-

plications [ 2 ]. Until now, people have been trying to deter-

mine and maintain the appropriate glucose levels; however, 

nearly 50% of patients with T2DM still fail to achieve the 

target haemoglobin A1c (HbA1c) level of below 7%, which 

is extremely detrimental to the stability of the disease [ 3 ]. 

In addition, some patients may try to lose 5–10% of their 

body weight to lower their blood glucose levels, which in 

turn may reduce the risk of cardiovascular diseases (CVDs) 

to some extent [ 4 ]. However, only a few anti-hyperglycemic 

agents are eff ective in controlling weight gain [ 5 ]. There-

fore, fi nding an appropriate anti-hyperglycemic agent is an 

urgent concern in clinical practice, which can not only lower 

HbA1c level, but also reduce weight gain. 

 At present, glucagon-like peptide-1 receptor agonist 

(GLP-1 RA) is a novel therapeutic strategy that stimulates 

insulin production to lower blood glucose level in a glu-

cose-dependent manner [ 6 ]. GLP-1 RA can also indirectly 

play roles in various glucose regulation via the inhibition 

of glucagon secretion. This increases satiety which in turn 

  Yuhan Huang and Yanan Yu contributed equally to this work and 

should be considered co-fi rst authors.  

*    Dongmei     Lv      

    dongmeilv@163.com                               

1     Department of Pharmacy   ,  the Affi  liated Hospital of Xuzhou 

Medical University    ,  Xuzhou     221006   ,  China   

2     Jiangsu Key Laboratory of New Drug Research and Clinical 

Pharmacy   ,  Xuzhou Medical University    ,  Xuzhou     221004   , 

 China   

3     Department of Endocrinology   ,  the Affi  liated Hospital 

of Xuzhou Medical University    ,  Xuzhou     221006   ,  China     



International Journal of Diabetes in Developing Countries (April June 2024) 44(2):328–334–

1 3

reduces food intake and slows gastric emptying [ 7 – 10 ]. 

Clinical studies have shown that HbA1c levels and body 

weight were signifi cantly reduced in patients who were 

administered GLP-1 RA, which is undoubtedly a good treat-

ment option for patients with T2DM [ 11 – 13 ]. Yet, owing to 

individual diff erences, only 50–70% of patients had distinct 

therapeutic effi  cacy when GLP-1 RA was administered [ 14 ]. 

In addition, the high cost of GLP-1 RA remains a signifi cant 

challenge. Physicians are aware of this issue and are cau-

tious when prescribing GLP-1 RA to their patients. Identify-

ing factors that can predict responses to GLP-1 RA therapy 

is critical in clinics as it helps physicians personalise and 

optimise drug utilisation in patients with T2DM with poor 

glycemic control. 

 According to the literature and our previous research, the 

initial high levels of HbA1c is one of the most signifi cant 

predictors of the glucose-lowering eff ect of GLP-1 RA [ 15 ]. 

However, the role of weight loss in predicting the effi  cacy of 

GLP-1 RA therapy has not been fully explored. T2DM and 

obesity are well-known risk factors for CVDs and mortal-

ity, and substantial evidence has shown the eff ects of body 

weight reduction in preventing CVDs in patients with T2DM 

[ 16 ]. However, whether these factors can predict the GLP-1 

RA-induced glycemic and weight responses simultane-

ously was not observed in patients with T2DM. Therefore, 

we aimed to identify the predictors of glycemic and weight 

responses to exenatide treatment in patients with T2DM. 

    Materials and methods 

   Study participants 

 Patients with T2DM admitted to in the Endocrinology 

Department of the Affi  liated Hospital of Xuzhou Medical 

University in China between January 2017 and September 

2019 were recruited in this retrospective study. Patients who 

were diagnosed with T2DM, aged > 18 years, and received 

exenatide treatment twice a day as part of their diabetes 

treatment for at least 12 months prior to data collection 

were included in this study. In contrast, patients who devel-

oped other subtypes of diabetes (such as type 1 diabetes 

and gestational diabetes), discontinued exenatide treatment 

within 12 months, were lost to follow-up, and were previ-

ously treated with another GLP-1 analogue were excluded. 

 Treatment with exenatide at a dose of 5 μg administered 

twice daily was initiated. After 1 month of treatment, the 

exenatide dosage was increased to 10 μg twice daily. The 

patients were followed up at 3, 6, and 12 months after treat-

ment initiation. A total of 343 exenatide-treated patients 

with T2DM met the inclusion criteria. Meanwhile, 29 par-

ticipants who developed adverse reactions, 101 participants 

who had incomplete data, and 65 participants who were lost 

to follow-up were excluded; hence, only 148 participants 

were included in the fi nal analyses. The detailed fl ow chart 

of the participant selection process was described in our pre-

vious study [ 15 ]. The research was approved by the Ethics 

Committee of the Affi  liated Hospital of Xuzhou Medical 

University. 

    Measurement of the anthropometric 
and biochemical parameters 

 Data on anthropometric measurements, clinical history, and 

blood analyses were obtained from medical records at base-

line and at each follow-up visit. Anthropometric measure-

ments included age, weight, height, and body mass index 

(BMI). BMI was calculated as weight in kilograms divided 

by height in metres squared (kg/m 2 ). The duration of diabetes 

and use of concurrent diabetic medications were recorded. 

Biochemical data including HbA1c, fasting plasma glucose 

(FPG), postprandial plasma glucose (PPG), fasting serum 

insulin (FINS), postprandial serum insulin (PINS), total 

cholesterol (TC), triglycerides (TG), low-density lipopro-

tein cholesterol (LDL-C), and high-density lipoprotein cho-

lesterol (HDL-C) levels were also retrieved. Insulin resist-

ance and β-cell function were evaluated using the following 

formulas: homeostasis model insulin resistance assessment 

(HOMA-IR) = FINS (mU/L) × FPG (mmol/L)/22.5, and 

homeostasis model β-cell functional assessment (HOMA-

B) = 20 × FINS/(FPG-3.5) [ 17 ]. 

    Study cohorts 

 According to the National Institute for Health and Care 

Excellence guidelines regarding the use of GLP-1 RA in 

the treatment of patients with T2DM, glycemic response 

was defi ned as an HbA1c reduction of ≥ 1.0% and weight 

responses as a weight loss of ≥ 3% within 6 months after 

GLP-1 RA treatment [ 18 ,  19 ]. Therefore, patients with 

T2DM were categorised into two cohorts in terms of gly-

cemic and weight responses to exenatide: responders and 

non-responders. Responders were defi ned as patients who 

achieved an HbA1c reduction of ≥ 1% and a weight loss 

of ≥ 3%, whereas non-responders referred to patients who 

failed to achieve these decreases within 6 months after 

exenatide administration. 

    Statistical analysis 

 Statistical analyses were performed using SPSS software 

(version 13.0 for Windows; SPSS Inc., Chicago, IL, USA). 

Variables with a normal distribution were expressed as 

mean ± standard error, while those with a non-normal dis-

tribution are expressed as median (interquartile range) or 

percentages as appropriate. The baseline characteristics 
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between responders and non-responders were compared 

using the independent Student’s  t -test for continuous data 

and the chi-square test or Fisher’s exact test for categori-

cal data. Repeated measures analysis of variance was used 

to determine changes in clinical parameters at certain time 

points for responders group and non-responders group. 

Linear regression was utilised to evaluate the relationship 

between weight change from baseline and HbA1c change 

from baseline after 6 months of exenatide therapy, while 

binary logistic regression analysis was utilised to identify 

the independent predictors of glycemic and weight responses 

to exenatide. The odds ratio (OR) values were presented 

along with 95% confi dence intervals (CIs). The area under 

the curve (AUC) of the receiver operating characteristic 

(ROC) curve and the 95% CI were calculated to compare 

the predictive power of the predictors. A  p  value of < 0.05 

was considered signifi cant. 

     Results 

   Patient disposition and baseline characteristics 

 Patient selection and disposition for the individual studies 

were described previously [ 15 ]. The fi nal analysis included 

148 patients (90 men and 58 women), who were divided into 

responders and non-responders. Of the 148 patients, 53 were 

responders (35.81%) and 95 were non-responders (64.19%). 

After 6 months of exenatide treatment, only 35.81% of the 

patients with T2DM achieved the composite end point 

(HbA1c reduction of ≥ 1% and weight loss of ≥ 3%). The 

baseline characteristics of the patients are summarised in 

Table  1 . Patients in the responder group had higher mean 

values for HbA1c ( p  < 0.05), weight ( p  < 0.001), and BMI 

( p  < 0.01) but had a lower mean value for duration of diabe-

tes ( p  < 0.001) than those in the non-responder group.  

    Eff ects of exenatide on clinical parameters at each 
time point 

 Supplementary material Tables S 1  show the changes in 

clinical parameters from baseline to 12 months after exena-

tide treatment by repeated measures ANOVA on clinical 

data. Exenatide treatment led to signifi cant improvements 

in HbA1c, body weight, BMI, FPG, PPG, HOMA-IR, 

HOMA-B, and blood lipids levels in each group. Further-

more, the clinical parameters were also compared between 

responders and non-responders. The baseline HbA1c level 

was higher among responders, while the HbA1c levels at 

3, 6, and 12 months were higher among non-responders 

(Fig.   1 A). Weight was, on average, greater in respond-

ers than in non-responders during the entire study period 

(Fig.  1 B). The BMI at baseline was greater in responders 

than in non-responders (Fig.  1 C). The patterns of FPG and 

PPG changes were similar between responders and non-

responders (Fig.  1 D, E). In addition, no signifi cant diff erence 

was observed between the two groups in terms of HOMA-B 

at baseline and 3 months; in contrast, the responders had 

higher levels of HOMA-B at 6 months and 12 months than 

the non-responders (Fig.  1 F).         

    Predictors of glycemic and weight responses 
within 6 months after exenatide initiation 

 Linear regression analysis was used to assess the pos-

sible predictors of glycemic and weight responses within 

6  months after exenatide initiation. Baseline HbA1c 

(OR = 1.664, CI: 1.059–2.616,  p  = 0.027), baseline weight 

(OR = 1.064, CI: 1.022–1.109,  p  = 0.003), and duration of 

diabetes (OR = 0.757, CI: 0.647–0.886,  p  = 0.001) were 

independent predictors of response to exenatide treatment 

(Table  2 ). Patients with a higher baseline HbA1c, a higher 

baseline weight, and a shorter duration of diabetes were 

more likely to be classified as responders to exenatide. 

Furthermore, the association between changes in HbA1c 

level and weight, which were closely related to the response 

to exenatide within 6 months after treatment, was further 

investigated using linear regression analysis. The results 

showed that the variation in weight was consistent with that 

of HbA1c level (Fig.  2 ). That is to say, as the weight loss 

increased, the HbA1c reduction also increased, which may 

have strengthened the glycemic and weight control within 

the 6-month period.          

Table 1       Comparison of baseline characteristics between respond-

ers ( n  = 53) and non-responders ( n  = 95) in patients with T2DM after 

exenatide initiation 

 Data are provided as mean ± standard error or percentages unless 

otherwise noted 

HbA1c  haemoglobin A1c,  BMI  body mass index,  OHA   oral anti-

hyperglycemic agent 

  Parameters    Group     p  value  

  Responders    Non-responders  

  N (male/female)    53 (34/19)    95 (56/39)    0.534  

  Age (years)    47.92 ± 1.30    50.03 ± 0.91    0.180  

  HbA1c (%)    9.51 ± 0.20    8.98 ± 0.11    0.033  

  Weight (kg)    89.31 ± 1.73    82.12 ± 1.26    <0.001  

  BMI (kg/m 2 )    30.88 ± 0.59    28.82 ± 0.34    0.006  

  Duration of diabetes (years)    1.57 ± 0.35    5.09 ± 0.57    <0.001  

  Exenatide only (%)    11 (20.75)    21 (22.11)    0.848  

  Exenatide + OHAs (%)    21 (39.62)    32 (33.68)    0.470  

  Exenatide+ insulin (%)    8 (15.09)    14 (14.74)    0.953  

  Exenatide+ OHAs + 

insulin (%) 

  13 (24.53)    28 (29.47)    0.519  

330



International Journal of Diabetes in Developing Countries (April June 2024) 44(2):328–334–

1 3

    ROC curves for the predictors of response 
to exenatide 

 The ROC curves of the response to exenatide for HbA1c, 

weight, and duration of diabetes are shown in Fig.  3 . The 

area under the ROC curve for the predictors of HbA1c and 

weight reduction within 6 months of exenatide initiation 

was 0.765 (95% CI: 0.686–0.845). Furthermore, the area 

under the ROC curve was used to determine the extent of the 

predictors of response to exenatide therapy (Supplementary 

material Fig. S 1 ). The areas under the ROC curves were 

0.704 (95% CI: 0.621–0.787) for diabetes duration, 0.667 

(95% CI: 0.576–0.757) for baseline weight, and 0.606 (95% 

CI: 0.500–0.712) for baseline HbA1c. However, no signifi -

cant diff erence was observed in the AUC for all three predic-

tors ( p  ≥ 0.05).         

     Discussion 

 Findings from the present study confi rmed the potential pre-

dictors of glycemic and weight responses to exenatide in 

patients with T2DM. Our data showed that baseline HbA1c, 

baseline weight, and duration of diabetes were independent 

predictors of response to exenatide treatment. Patients with 

higher baseline HbA1c, higher baseline weight, and shorter 

Fig. 1       Comparison of HbA1c ( A ), weight ( B ), BMI ( C ), FPG ( D ), 
PPG ( E ), and HOMA-B ( F ) between responders (n = 53) and non-

responders (n = 95) after treatment with exenatide at baseline, 3 

months, 6 months, and 12 months. * p  < 0.05, ** p  < 0.01 compared 

with non-responders. Abbreviations: HbA1c, haemoglobin A1c; 

BMI, body mass index; FPG, fasting plasma glucose; PPG, postpran-

dial plasma glucose; HOMA-B, homeostasis model assessment for 

beta cell function 
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duration of diabetes may be more responsive to exenatide 

treatment, which suggests that these factors can be valuable 

for predicting the eff ect of exenatide therapy. 

 Accumulating evidence has reported that exenatide 

improved not only glycemic control, but also weight loss 

[ 20 ,  21 ]. However, only 35.81% of the study patients treated 

with exenatide for 6 months achieved an HbA1c reduction 

of ≥ 1% and a weight loss of ≥ 3%. Based on the marked 

interindividual differences in therapeutic response of 

patients with T2DM treated with exenatide, further studies 

are needed to identify the novel predictors for individualised 

treatment [ 22 ]. To the best of our knowledge, this study was 

the fi rst to identify the factors that can predict the glyce-

mic and weight responses to exenatide simultaneously in 

patients with T2DM. The predictors of glycemic and weight 

responses are baseline HbA1c, baseline weight, and duration 

of diabetes in patients on exenatide therapy. Several stud-

ies have reported that the baseline HbA1c level appears to 

be an independent predictor of glycemic response to exena-

tide, as observed in our previous studies [ 11 ,  15 ,  18 ]. In a 

24-month retrospective study of once-weekly exenatide in 

Spain, HbA1c was found to be a unique independent predic-

tor of glycemic response; higher BMI and previous treatment 

with DPP-4i could also predict weight response [ 11 ,  15 ]. 

However, these studies did not agree with our results. Fur-

thermore, these inconsistencies are likely due to the diff erent 

grouping schemes and timing of subcutaneous injections. 

 The reason that patients gradually lose weight after 

taking exenatide may be delayed gastric emptying and 

enhanced satiety induced by the hypothalamus which con-

trol caloric intake [ 23 ,  24 ]. Additionally, the responder 

group had a more signifi cant trend in weight loss with a 

higher baseline BMI, which was broadly in line with previ-

ous fi ndings [ 25 ,  26 ]. These data provided strong evidence 

to allay the physicians’ concerns that exenatide-treated 

Table 2       Binary logistic regression analysis of the potential variables 

for predicting response on HbA1c level and weight changes 

 BMI, body mass index; HbA1c, haemoglobin A1c; FPG, fasting 

plasma glucose; PPG, postprandial plasma glucose; FINS, fasting 

serum insulin; PINS, postprandial serum insulin; TC, total choles-

terol; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; 

LDL-C, low-density lipoprotein cholesterol; OHA, oral anti-hyper-

glycemic agent; CI, confi dence interval 

a    Denotes a variable that was compared against males 

b    Denotes a variable that was compared against exenatide as a mono-

therapy 

  Variables    Odds Ratio    95% CI     p  value  

  Age (years)    1.020    0.968-1.075    0.454  

  Sex a   1.396    0.529-3.679    0.500  

  Duration of diabetes (years)    0.757    0.647-0.886    0.001  

  Baseline Weight (kg/m 2 )    1.064    1.022-1.109    0.003  

  Baseline HbA1c (%)    1.664    1.059-2.616    0.027  

  Baseline FPG (mmol/L)    1.048    0.761-1.443    0.773  

  Baseline PPG (mmol/L)    0.815    0.627-1.060    0.127  

  Baseline FINS (mU/L)    0.963    0.904-1.026    0.246  

  Baseline PINS (mU/L)    1.004    0.984-1.024    0.720  

  Baseline TC (mmol/L)    0.845    0.450-1.584    0.599  

  Baseline TG (mmol/L)    0.779    0.523-1.159    0.217  

  Baseline HDL-C (mmol/L)    1.610    0.235-11.050    0.628  

  Baseline LDL-C (mmol/L)    0.816    0.436-1.528    0.526  

  OHA  only b   1.955    0.644-5.931    0.237  

  Insulin  only b   1.873    0.444-7.896    0.393  

  OHAs and  Insulin b     0.864    0.242-3.081    0.822  

Fig. 2       Linear relationship between weight change from baseline and 

HbA1c change from baseline after 6  months of exenatide therapy. 

Results were shown using the equation for the line of best fi t. Abbre-

viation: HbA1c, haemoglobin A1c 

Fig. 3       ROC curve for the predictors of glycemic and weight 

responses to exenatide in patients with T2DM 
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patients with T2DM may experience excessive weight loss 

when compared with the upper baseline weight. Futher-

more, patients with a history of ≥ 5 years of diabetes were 

less likely to achieve good glycemic control than those 

with a history of < 5 years of diabetes [ 27 ]. Another drug 

for GLP-1 RA, liraglutide, was also more eff ective in 

patients with a shorter duration of diabetes [ 28 ]. How-

ever, it is important to note that the risk of hypoglycemia 

increases by 19% per decade of duration on the premise of 

longer duration of diabetes, meaning that without interven-

tion, patients could be subjected to lifelong insulin therapy 

[ 29 ]. Hence, the duration of diabetes was considered a 

valuable predictor of response to exenatide treatment. 

 With regard to the discriminatory powers of predic-

tive ability, our ROC curve analysis showed that the AUC 

was attributed to predicting HbA1c and weight reduc-

tion within 6 months after exenatide treatment. The AUC 

values for the duration of diabetes, baseline weight, and 

baseline HbA1c were 0.704, 0.667 and 0.606, respectively. 

Although many studies have evaluated the predictors of 

response to exenatide, only a few have attempted to plot an 

ROC curve to assess the predictive ability of these factors, 

which were identifi ed by binary logistic regression analy-

sis [ 11 ,  14 ,  15 ,  18 ,  21 ]. To date, only one study found that 

the mean preprandial blood glucose level had the highest 

AUC (0.72) for the prediction of glycemic response to 

GLP-1 RA, and the results of this study were similar to 

those of our study [ 30 ]. 

 Although we have identifi ed the predictive factors, there 

are still some inherent problems in this study that need 

to be improved. First, owing to the number of patients 

who did not meet the inclusion criteria, the number of 

patients included for the fi nal analysis was small, resulting 

in a wide range in CI after the analysis. It is necessary to 

expand the sample size; in this case, other races can also 

be included to increase the richness of the samples, and the 

generalisability of the results could be determined subse-

quently. Furthermore, after exenatide administration, if the 

patients had other treatments or strictly controlled diet and 

rest, it would have been diffi  cult to clearly judge whether 

the signifi cant decreases in HbA1c levels and body weight 

were simply a direct eff ect of exenatide. This suggests that 

we should pay attention to changes in medication catego-

ries and lifestyles during patient follow-up and assess their 

impact on the effi  cacy of exenatide. Finally, this study only 

tentatively identifi ed baseline HbA1c, baseline weight, and 

duration of diabetes as predictors of responses to exena-

tide and their relationships to other indicators. However, 

the scopes of the three predictors have not been further 

refi ned; thus the clinical reference of the results could not 

be highlighted. The determination of the applicable scopes 

of predictors still requires the support of a larger sample 

size. Therefore, a prospective clinical study with a stricter 

protocol and a greater number of patients using each for-

mulation is necessary to further evaluate the eff ectiveness 

of GLP-1 RA therapy. 

    Conclusion 

 Baseline HbA1c, baseline weight, and duration of diabetes 

could be independently used to predict glycemic and weight 

responses to exenatide in patients with T2DM. The scopes of 

each indicator has not been determined; thus, further explo-

rations are needed to provide more valuable references for 

the applicable conditions of exenatide and selections for 

patients with T2DM. Signifi cant predictors of exenatide and 

reliable clinical data can contribute to individualised treat-

ment, which is more conducive to achieving better glycemic 

and weight gain control in patients with T2DM. 
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tary material available at   https:// doi. org/ 10. 1007/ s13410- 023- 01239-8    .  

  Acknowledgments     The authors are very grateful to all the volunteers 

and patients for their participation in this study. The authors would 

like to thank the physicians of the Department of Endocrinology in the 

Affi  liated Hospital of Xuzhou Medical University for their support. The 

authors declared no other competing fi nancial interests or disclosures 

relevant to this manuscript exist for all authors. The data collected and 

counted by this research are real and available, and we can share it with 

other scientists if necessary.  

  Authors Contribution     Yuhan Huang: Conceptualization, Methodology, 

Writing-Original Draft, Writing-Reviewing and Editing. Yanan Yu: 

Formal Analysis, Methodology, Data Curation, Investigation. Ruonan 

Hu: Data Curation, Validation, Writing-Editing. Ke Xu: Data cura-

tion, Writing-Editing. Tao Wang: Methodology, Resources, Supervi-

sion, Funding Acquisition, Project Administration, Writing-Reviewing 

and Editing. Hongwei Ling: Data Curation, Investigation, Supervi-

sion. Jia Han: Data Curation, Methodology, Investigation. Dongmei 

Lv: Resources, Conceptualization, Supervision, Project Administration.   

  Funding     This work was supported by the National Natural Science 

Foundation of China (82003866), Science and Technology Plan-

ning Project of Xuzhou (KC20093), Postgraduate Research & Prac-

tice Innovation Program of Jiangsu Province (KYCX22_2975), and 

Open Project of Provincial Key Laboratory of Jiangsu Province 

(XZSYSKF2021028).  

  Data availability     The data underlying this article are available in the 

article and its online supplemental material.  

  Declarations    

   Ethical approval     The study was approved by the Ethics Committee of 

the Affi  liated Hospital of Xuzhou Medical University (Xuzhou, China) 

and was performed in accordance with the Declaration of Helsinki. The 

ethical approval number was XYFY 2018-KL085 on 31 December 

2018. 

    Conflicts of interest     The authors declared no other competing fi nancial 

interests or disclosures relevant to this manuscript exist for all authors. 

333



International Journal of Diabetes in Developing Countries (April June 2024) 44(2):328–334–

1 3

    Consent of participation     Written informed consent was obtained from 

all participants prior to enrollment.   

  References 

      1.                                            Haddadinezhad S, Ghazaleh N. Relation of fasting and postpran-

dial and plasma glucose with hemoglobinA1c in diabetics. Int J 

Diabetes Dev Ctries. 2010;30(1):8–10.  

      2.                                                    Wat N, Wong RL, Wong IY. Associations between diabetic 

retinopathy and systemic risk factors. Hong Kong Med J. 

2016;22(6):589–99.  

      3.                                                      Stettler C, Allemann S, Jüni P, et al. Glycemic control and macro-

vascular disease in types 1 and 2 diabetes mellitus: Meta-analysis 

of randomized trials. Am Heart J. 2006;152(1):27–38.  

      4.                                    Cowie CC. Diabetes Diagnosis and Control: Missed Opportunities 

to Improve Health: The 2018 Kelly West Award Lecture. Diabetes 

Care. 2019;42(6):994–1004.  

      5.                                                      Cefalu WT, Stenlöf K, Leiter LA, et al. Eff ects of canaglifl o-

zin on body weight and relationship to HbA1c and blood pres-

sure changes in patients with type 2 diabetes. Diabetologia. 

2015;58(6):1183–7.  

      6.                                                                    Baekdal TA, Donsmark M, Hartoft-Nielsen ML, Søndergaard FL, 

Connor A. Relationship Between Oral Semaglutide Tablet Ero-

sion and Pharmacokinetics: A Pharmacoscintigraphic Study. Clin 

Pharmacol Drug Dev. 2021;10(5):453–62.  

      7.                                                                    Paul S, Best J, Klein K, Han J, Maggs D. Eff ects of HbA1c and 

weight reduction on blood pressure in patients with type 2 dia-

betes mellitus treated with exenatide*. Diabetes Obes Metab. 

2012;14(9):826–34.  

      8.                                                    Nielsen LL, Young AA, Parkes DG. Pharmacology of exenatide 

(synthetic exendin-4): a potential therapeutic for improved glyce-

mic control of type 2 diabetes. Regul Pept. 2004;117(2):77–88.  

      9.                                                                            DeFronzo RA, Ratner RE, Han J, Kim DD, Fineman MS, Baron 

AD. Eff ects of exenatide (exendin-4) on glycemic control and 

weight over 30 weeks in metformin-treated patients with type 2 

diabetes. Diabetes Care. 2005;28(5):1092–100.  

      10.                                                      Linnebjerg H, Park S, Kothare PA, et al. Eff ect of exenatide on 

gastric emptying and relationship to postprandial glycemia in type 

2 diabetes. Regul Pept. 2008;151(1–3):123–9.  

      11.                                                            Hussien NI, Sorour SM, El-Kerdasy HI, Abdelrahman BA. The 

glucagon-like peptide-1 receptor agonist Exendin-4, ameliorates 

contrast-induced nephropathy through suppression of oxidative 

stress, vascular dysfunction and apoptosis independent of glycae-

mia. Clin Exp Pharmacol Physiol. 2018;45(8):808–18.  

      12.                                                         Gorgojo-Martínez JJ, Gargallo-Fernández MA, Brito-Sanfi el M, 

Lisbona-Catalán A. Real-world clinical outcomes and predictors 

of glycemic and weight response to exenatide once weekly in 

patients with type 2 diabetes: The CIBELES project. Int J Clin 

Pract. 2018;72(3):e13055.  

      13.                                                      Blevins T, Pullman J, Malloy J, et al. DURATION-5: exenatide 

once weekly resulted in greater improvements in glycemic con-

trol compared with exenatide twice daily in patients with type 2 

diabetes. J Clin Endocrinol Metab. 2011;96(5):1301–10.  

      14.                                                              Vilsbøll T, Christensen M, Junker AE, Knop FK, Gluud LL. 

Eff ects of glucagon-like peptide-1 receptor agonists on weight 

loss: systematic review and meta-analyses of randomised con-

trolled trials. BMJ. 2012;344:d7771.  

      15.                                                      Wang T, Zhang F, Wang X, et al. Predictive factors associated 

with glycemic response to exenatide in Chinese patients with type 

2 diabetes mellitus. J Clin Pharm Ther. 2020;45(5):1050–7.  

      16.                                                Babenko AY, Savitskaya DA, Kononova YA, et al. Predictors of 

eff ectiveness of glucagon-like peptide-1 receptor agonist therapy 

in patients with type 2 diabetes and obesity. J Diabetes Res. 

2019;2019:1365162.  

      17.                                                         Nimitphong H, Jiriyasin S, Kasemasawachanon P, Sungkanuparph 

S. Metformin for preventing progression from prediabetes to dia-

betes mellitus in people living with human immunodefi ciency 

virus. Obesity and GLP-1. Cureus. 2022;14(4):e24540.  

      18.                                                                    Kong X, Xing X, Hong J, Zhang X, Yang W. Association of a 

type 2 diabetes genetic risk score with insulin secretion modu-

lated by insulin sensitivity among Chinese Hans. Clin Genet. 

2017;91(6):832–42.  

      19.                                                              Khan M, Ouyang J, Perkins K, Nair S, Joseph F. Determining 

predictors of early response to exenatide in patients with type 2 

diabetes mellitus. J Diabetes Res. 2015;2015:162718.  

      20                                                              McGuire H, Longson D, Adler A, Farmer A, Lewin I. Guideline 

Development Group. Management of type 2 diabetes in adults: 

summary of updated NICE guidance. BMJ. 2016;353:i1575.  

      21.                                                      Nauck MA, Quast DR, Wefers J, Meier JJ. GLP-1 receptor ago-

nists in the treatment of type 2 diabetes - state-of-the-art. Mol 

Metab. 2021;46:101102.  

      22.     Janssen LGM, Nahon KJ, Bracké KFM, et al. Twelve weeks 

of exenatide treatment increases [(18)F]fluorodeoxyglucose 

uptake by brown adipose tissue without aff ecting oxidative rest-

ing energy expenditure in nondiabetic males. Metab: Clin Exp . 
2020;106:154167.  

      23.     Shyangdan DS, Royle P, Clar C, Sharma P, Waugh N, Snaith A. 

2011 Glucagon-like peptide analogues for type 2 diabetes mel-

litus. Cochrane Database Syst Rev. 2011;2011(10):CD006423.  

      24.                                            Salehi M, Purnell JQ. The Role of Glucagon-Like Pep-

tide-1 in Energy Homeostasis. Metab Syndr Relat Disord. 

2019;17(4):183–91.  

      25.                                                                    Pencek R, Blickensderfer A, Li Y, Brunell SC, Anderson PW. 

Exenatide twice daily: analysis of eff ectiveness and safety data 

stratifi ed by age, sex, race, duration of diabetes, and body mass 

index. Postgrad Med. 2012;124(4):21–32.  

      26.                                                      Buysschaert M, Preumont V, Oriot PR, et al. One-year metabolic 

outcomes in patients with type 2 diabetes treated with exenatide 

in routine practice. Diabetes Metab. 2010;36(5):381–8.  

      27.                                                   Imai K, Tsujimoto T, Goto A, et al. Prediction of response to 

GLP-1 receptor agonist therapy in Japanese patients with type 2 

diabetes. Diabetol Metab Syndr. 2014;6(1):110.  

      28.                                                      Kozawa J, Inoue K, Iwamoto R, et al. Liraglutide is eff ective in 

type 2 diabetic patients with sustained endogenous insulin-secret-

ing capacity. J Diabetes Inves. 2012;3(3):294–7.  

      29                                                            Riddle MC, Vlajnic A, Zhou R, Rosenstock J. Baseline HbA1c 

predicts attainment of 7.0% HbA1c target with structured titration 

of insulin glargine in type 2 diabetes: a patient-level analysis of 

12 studies. Diabetes Obes Metab. 2013;15(9):819–25.  

      30.                                                                    Shaw JE, Gallwitz B, Han J, Hardy E, Schernthaner G. Variability 

in and predictors of glycemic responses after 24 weeks of treat-

ment with exenatide twice daily and exenatide once weekly. Dia-

betes Obes Metab. 2017;19(12):1793–7.   

  Publisher's Note     Springer Nature remains neutral with regard to 

jurisdictional claims in published maps and institutional affi  liations.  

 Springer Nature or its licensor (e.g. a society or other partner) holds 

exclusive rights to this article under a publishing agreement with the 

author(s) or other rightsholder(s); author self-archiving of the accepted 

manuscript version of this article is solely governed by the terms of 

such publishing agreement and applicable law.  

334



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2250
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


		2024-05-14T17:45:59+0800
	Certified PDF 2 Signature




