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Abstract 
Introduction: Liraglutide and Exenatide are used in adults who are affected by type-2 diabetes to 
control their blood glucose level. They are administered by the patients by subcutaneous injection, 
Liraglutide once a day while Exenatide twice a day. The aim of this study was to evaluate medica-
tion adherence and persistence of treatment with Liraglutide and Exenatide with a new strategy of 
calculation also giving economic evaluations on therapy costs for Received Daily Dose. Materials 
and Methods: In this retrospective study, we took into account 16 months from 1st September 
2011 to 31st December 2012. Treatment adherence was quantified utilizing the ratio between 
RDD and Prescribed Daily Dose (PDD). Persistence is calculated into account the actual therapy 
days, comparing posology with supplied dose and the graph is drawn using Kaplan-Meir method. 
Results: The number of patients studied for Liraglutide was 114 and 220 and 58 and 60 for Ex-
enatide respectively in 2011 and 2012. Adherence to therapy, calculated as the ratio between RDD 
and PDD, in 2011 was 0.93 for Exenatide and 0.87 for Liraglutide, while in 2012 it was 0.94 and 
0.90 for Liraglutide and Exenatide, respectively. The cost per day of therapy (cost per RDD) for 
Liraglutide was €2.88 and €2.78 and for Exenatide was €2.37 and €2.48 in 2011 and 2012, respec-
tively. Conclusion: The dosage regimen, therefore, plays an important role in improving the medi-
cation adherence. 

 
Keywords 
Type-2 Diabetes; Received Daily Dose; Prescribed Daily Dose; Medication Adherence and  
Persistence 

 

 

 

*Corresponding author. 

http://www.scirp.org/journal/pp
http://dx.doi.org/10.4236/pp.2014.54040
http://dx.doi.org/10.4236/pp.2014.54040
http://www.scirp.org/
mailto:fiorenzosantoleri@hotmail.com
http://creativecommons.org/licenses/by/4.0/


F. Santoleri et al. 
 

 
333 

1. Introduction 
Diabetes mellitus (DM) is a metabolic disease characterized by hyper glycaemia and reduction in the level or 
effectiveness of insulin [1]. The number of people affected worldwide by DM was 171 million in 2000 with an 
estimated rise to 366 million in 2030 with a prevalence of 4.4% [2]. DM has 2 types, 95% is type 2 (T2DM). 
The T2DM is caused mainly by a sedentary life style, obesity, hereditary and other environmental factors [3]. 
The high prevalence of this disease has had an influence on the health economic system [4]. For this reason, it is 
very important to study the real management cost of DM. The incretins represent the most recent therapeutic 
strategy to treat DM. They are capable of preserving and/or regenerating a viable pancreatic beta cell mass [5]. 
Previously, they were developed to counter postprandial glycaemia, and then they were found to be capable of 
improving beta cell survival, thus contributing to the long-term, optimal regulation of insulin secretion [6]-[8]. 
Liraglutide and Exenatide act as glucagon-like peptide-1 (GLP-1) receptors agonists [9]. GLP-1 and glucose- 
dependent insulinotropic polypeptide (GIP) were shown to have a strong insulinotropic activity and they account 
for as much as 50% of the insulin released immediately after meal ingestion [10]. GLP-1 inhibits emptying of 
food from the stomach; thus increases satiety in general and, therefore, decreases food intake. Other therapeutic 
actions are the improvement of beta cell survival and increase in plasma insulin level [11]. The European Medi-
cines Agency (EMA) authorized the marketing of both Liraglutide and Exenatide in 2010 [12] [13]. Liraglutide 
and Exenatide stimulate the secretion of insulin, induce the proliferation of pancreatic beta cells and increase the 
resistance to apoptosis [14] [15]. Liraglutide and Exenatide slow down production of post-prandial plasma glu-
cose in patients suffering from T2DM [16] [17] and they retard gastric emptying [18]. They also induce an in-
crease in glucose-dependent insulin release due to improvement in pancreatic beta cell life annuity via inhibition 
of apoptosis [19] [20]. All these clinical activities of incretins encourage the use of the treatment of T2DM [21]. 
Clinically, a 1% decrease was found in the HAb1c at 12 - 26 weeks for Liraglutide and 0.75% at 4 - 40 weeks 
for Exenatide [22]. In addition to their clinical effectiveness, the safety of these drugs was also demonstrated and 
the necessity to personalize the therapy depended on the patient [23]. Both effectiveness and safety are funda-
mental parameters for a good adherence, and in fact with a good effectiveness and with no severe adverse reac-
tions, there’s no reason to change the therapy. Exenatide’s most frequent undesirable effects consist in nausea, 
vomiting, diarrhea, hypoglycemia; common adverse reaction reported consists of decreased appetite, headache, 
dyspepsia, abdominal pain, asthenia, weight decreased; reported adverse reactions with the use of Liraglutide are 
usually anorexia, appetite decreased, headache, nausea, diarrhea, vomiting, dyspepsia; adverse reactions are al-
most similar for both drugs, then the safety profile probably doesn’t affect the difference of adherence between 
two drugs. The efficacy and safety of Liraglutide and Exenatide have been shown for the treatment of T2DM. 
Patient adherence remains unstudied [24]. The aim of this study was to investigate medication adherence and 
persistence to treatment in the patients who used Liraglutide and Exenatide in T2DM for 16 months with a new 
strategy of calculation, different by the other methods used until now in this kind of study. What we want to 
emphasize is the originality of the strategy and the new application for these drugs. Pharmacoeconomic analysis 
has been carried out by calculating the cost per Received Daily Dose (RDD) for each drug.  

2. Materials and Methods  
2.1. Medication Adherence Figure 1 
T2DM is a chronic disease and so the treatment became “chronic” (long term). In this way, is very important to 
know the real adherence to treatment. In fact, non-adherence represents a problem both for clinical outcome and 
loss of economic resources for the health system. In literature several methods are reported to calculate the ad-
herence to treatment such as Continuous Measure of Medication Acquisition (CMA) [25]-[27]; Medication 
Possession Ratio (MPR) [28]-[30]; Medication Refill Adherence (MRA) [31]-[33]; Proportion of Days Covered 
(PDC) [34] [35]; Refill Compliance Rate (RCR) [36] [37]; Medication Possession Ratio modified (MPRm) 
[38]-[40]; Dates Between Fills Adherence Rate (DBR); Compliance Rate (CR); Continuous Multiple Interval 
Measure of Oversupply (CMOS); Continuous Measure of Medication Gaps (CMG); Continuous, Single Interval 
Measure of Medication Acquisition (CSA); and Received Daily Dose/Prescribed Daily Dose [41]. The most uti-
lized methods are MPR and PDC [43]. In this study we use the Received Daily Dose/Prescribed Daily Dose 
method for calculation of Adherence, that we produce and that isn’t never used before for antidiabetic drugs. 
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            Figure 1. Medication adherence for Liraglutide and Exenatide.                            

2.2. Medication Persistence Figure 2 

The medication persistence can be defined as the length of time from initiation to discontinuation of therapy, 
measured by time in days [43]. Thanks to our understanding of the PDD, we can calculate the real days of 
treatment computed in relation to the prescribed dose by physician. Medication persistence is an important fac-
tor that can be linked to clinical outcome, in fact longer medication persistence can indicate a better clinical pro-
file with less adverse events. On the contrary, therapy is suspended in the case of severe toxicity, pathology pro-
gression or death of patient. 

This retrospective observational study was carried out from 1st September 2011 to 31st December 2012 in 
Pescara Hospital Pharmacy (Italy). The study design was approved by the Pescara hospital ethics committee. 
The written consents were not given by the patients for their information because this is an observational retros-
pective study as regulated by the Italian Drugs Agency with the “Guidelines for the classification and manage-
ment of observational studies on drugs”, as described in the guidelines available on the website “agenziafarma-
co.gov.it”. In the case of studies that do not involve a direct relationship with the patient, it is not necessary to 
administer the privacy consent form to the patient. The analysed data were already in the hospital pharmacy da-
tabase used daily for clinical practice. All data were analyzed anonymously. Each patient was identified with a 
personal number. Patients were aware that their data were stored in a specific database, but were not informed 
that this data were used for research purposes. This procedure has been disclosed to the Ethics Committee who, 
in accordance with national legislation, approved it. Every patient in therapy with Liraglutide and Exenatide for 
T2DM was involved in the study. The data of prescription and consumption of incretins were recorded in a da-
tabase built specifically to follow the patient throughout the care pathway. In this database, called Pharma DDSS, 
the following data was recorded by the hospital pharmacist: patient demographics, drug used and what it is used 
for (as prescribed by the physician), Defined Daily Dose (when present) (DDD), Prescribed Daily Dose (PDD) 
(by physician) and Received Daily Dose (RDD) (by pharmacist). The first three parameters were collected by 
the hospital pharmacist through consultation with the treatment plan, in which the physician records prescribed 
drug, dosage, estimated duration of validity of the plan. The hospital pharmacist records all this data in Phar- 
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Figure 2. Persistence of treatment for Liraglutide and Exenatide.                                      
 
ma DDSS. The DDD is the assumed average maintenance dose per day for a drug used for its main indication in 
adults [44]. Each patient has in his medical record the daily dose as indicated by the physician and the dose of 
drug received in refill. During the year this dose may be changed by the physician and then updated by the hos-
pital pharmacist. In this way, each patient has a personal record where all doses and change of doses are record-
ed. The daily dose prescribed is PDD, while RDD is calculated by dividing the dose received by the patient for 
the number of treatment days. The number of treatment days is considered as the difference between the first 
and second date of pharmacy refill of drug by the pharmacist in hospital pharmacy. In this way, the hospital 
pharmacist follows the patient during his health treatment, thus getting to know the medication adherence calcu-
lated as the ratio between RDD and PDD. RDD, in fact, can be defined as the dose really taken by the patient 
and PDD represents the intention to treat. The optimum medication adherence is 1. The loss of medication ad-
herence is indicated for values less than one. The equation used for the calculation of the adhesion is as follows: 

( )
( )

Recei ed Daily Dose RDD
Adherence

Prescribed Daily Dos D
v

e RD
=  

Persistence of therapy was calculated as the total number of days of treatment with the same drug for each pa-
tient. We estimate the total days of treatment by adding all the intervals of drug refills and adding also the days 
covered by the last refill which is obtained by dividing the last dose refilled in the hospital pharmacy by the last 
prescribed dose.  

Dose received in last refillDays supply with last refill
PDD

=  

For persistence, we consider the effective days in which the patient has taken the drug, thus we deduct from 
Persistence the NPD (Non Persistence Days) on the basis of Prescribed Dose. 

1
1 1

Dose received in refill
NPD interval

PDD
= −  

Interval1: time in days that elapses between first and second refill.  
So the medication persistence is calculated as:  

( ) ( )1 1
Dose received in last refillPersistence Interval NPD Interval NPD

PDDn n= − + − +  
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3. Results 
The number of patients studied was 114 and 220 for Liraglutide and for Exenatide 58 and 60 respectively in 
2011 and 2012. The ratio of males to females is similar for both drugs, 49% and 55% male for Liraglutide, 43% 
and 40% male for Exenatide, in 2011 and 2012. The median age stood at 58 years for Liraglutide and 63.5 for 
Exenatide with an age range between 16 years and 82 for Liraglutide and for Exenatide between 37 and 82 
(Table 1). The number of patients with T2DM treated with Exenatide was 58 in 2011 and 60 in 2012. However, 
for the number of patients in 2012 increased significantly for Liraglutide, +92% compared to 2011. In Table 2 
the median days of pharmacological coverage are shown. The weight average of the values of RDD, PDD and 
Adherence are also shown. In 2011, the analysis was carried out for 4 months (120 days); 94 and 115 days for 
Exenatide and Liraglutide. In 2012, the median number of exposure days was 210 for Liraglutide and 268 for 
Exenatide. Adherence to therapy, calculated as the ratio between RDD and PDD, in 2011 was 0.93 for Exenatide 
and 0.87 for Liraglutide, while in 2012 it was 0.94 and 0.90 for Liraglutide and Exenatide, respectively. The 
medication persistence is calculated on the basis of actual days of drug coverage in one year and shows the 
complete overlap of the two curves (p < 0.05, χ2 = 0.1265 95%) describing a similar behaviour of patients who 
use both drugs in the study. The cost per day of therapy (cost per RDD) for Liraglutide was €2.88 and €2.78 and 
for Exenatide was €2.37 and €2.48 in 2011 and 2012, respectively. From this data one year of treatment with 
Liraglutide per patient amounted to €1032.95 and €885.12 for Exenatide. 
 
Table 1. Number of patients, sex and age for drug used and year of study.                                    

Drug Liraglutide Exenatide 

Year 2011 2012 2011 2012 

No Patients 114 220 58 60 

Sex     

Male 56 121 25 24 

Female 58 99 33 36 

Age     

Mediane 57.5 58 63 64 

Range 32 75 16 82 37 81 38 82 

 
Table 2. Days of treatment, RDD, PDD and adherence for Liraglutide and Exenatide in the years 2011 and 2012.    

Drug Liraglutide Exenatide 

Year 2011 (4 months) 2012 2011 (4 months) 2012 

Days of treatment     

Mediane 94 210 115 268 

Range 20 120 19 365 30 120 30 365 

WRDD     

Average ± DS 1.30 ± 0.46 1.27 ± 0.38 16.62 ± 4.74 17.56 ± 5.00 

WPDD     

Average ± DS 1.40 ± 0.27 1.37 ± 0.27 19.38 ± 1.68 19.60 ± 1.34 

WADH     

Average ± DS 0.93 ± 0.29 0.94 ± 0.27 0.87 ± 0.30 0.90 ± 0.27 
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4. Discussion 
Liraglutide is administered once daily by subcutaneous injection in the abdomen, thigh or upper arm. It can be 
taken independent of the meal but preferably at the same time of day. The initial dose is 0.6 mg and is then in-
creased to 1.2 mg after the first week of treatment. To improve glycaemic control the daily dose can further in-
crease to 1.8 mg per day. Exenatide, however, should be administered twice a day, starting with 5 mcg in the 
morning an hour before breakfast and 5 mcg an hour before dinner. The dose may be increased after the first 
month to 10 mcg twice a day respecting the same dosage schedule. The dosage regimen for Liraglutide tends to 
be better than the scheme for Exenatide. In the present study, Liraglutide showed a loss of adherence of 7% and 
6% respectively in 2011 and 2012 while patients who used Exenatide have a loss of adherence of 13% and 10%. 
The difference in medication adherence between the two drugs in study was 47% in 2011 (7% vs 13% Liraglu-
tide/Exenatide) and 40% in 2012 (6% vs 10% Liraglutide/Exenatide). An analysis of the average weight of the 
prescribed dose (PDD) for Liraglutide in 2011 is equal to 1.40 mg/day and in 2012 was 1.37 mg/day versus 1.2 
mg/day of standard dose per day (DDD). In the same analysis for Exenatide there was a PDD in 2011 that 
amounted to 19.38 mcg/day and 19.60 mcg/day in 2012 versus the DDD of 15 mcg/day. This finding emphasiz-
es the need to use higher doses than the standard dose to achieve better glycaemic control, in fact the average of 
Prescribed Daily Dose by clinicians to low the glycaemia is always greater than the Defined Daily Dose in both 
drugs considered and in both years considered; this factor is important to make a change of direction in the cal-
culation of Adherence, in fact if we consider DDD instead PDD, we have different wrong results, so far by the 
situation of real pharmacoutilization. For this reason we have made the new strategy based on PDD, that go to 
brake the actual landscape of strategies adopted for calculation of adherence; in this study we have restricted the 
objectives focusing on the new strategy, but would be really interesting to correlate to the new concept of adhe-
rence with clinical parameters, but that’s the next step, for now we think it’s useful to introduce the RDD/PDD 
methodology in the culture of health care professionals and researchers and give them main instruments to cal-
culate with our methodology. 

The analysis of persistence to treatment in one year, for both the drugs in the study showed a profile similar. 
This fact demonstrated further the clinical comparability between Liraglutide and Exenatide in real clinical prac-
tice, reflecting a possible comparability in effectiveness and safety profile. 

5. Conclusion 
In the treatment of Type 2 diabetes, the use of agonists of the GLP-1 is continuously growing. However, it’s ne-
cessary to describe not only the clinical efficacy but also the ability to follow the long-term therapy. In the case 
of the study drugs, there was a different profile of adherence, better for Liraglutide than Exenatide. In this sense, 
the mode of administration, less restrictive for the Liraglutide, promotes adherence to treatment. The dosage re-
gimen, therefore, plays an important role in improving the medication adherence. This study of adherence, per-
sistence and costs would be useful to make decisions in healthcare, in fact, with no proof of major effectiveness 
of one of the two drugs (there isn’t a direct comparison between these two drugs in scientific literature), and a 
better profile in these parameters could be linked to a preference in clinical prescription and use. Liraglutide has 
a better adherence profile and the persistence to treatment is similar for the drugs, and at the same time Exena-
tide has a lower cost per RDD than Liraglutide; so, the question we ask is: can a better adherence profile justify 
a higher cost of treatment? Only deep studies with a greater population and with clinic outcomes in real clinical 
practice could give an answer. 
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