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Abstract 

Background and aim: For years traditional techniques have been used for diabetes treatment. 

There are two major types of insulin: insulin analogs and regular insulin. Insulin analogs are similar 

to regular insulin and lead to changes in pharmacokinetic and pharmacodynamic properties. The 

purpose of the present research was to determine the cost effectiveness of insulin analogs versus 

regular insulin for diabetes control in Yazd Diabetes Center in 2017.  

Methods: In this descriptive-analytical research, the cost effectiveness index was used to compare 

insulin analogs and regular insulin (pen/vial) for treatment of diabetes. Data were analyzed in the 

TreeAge Software and a decision tree was constructed. A 10 percent discount rate was used for 

ICER sensitivity analysis. Cost effe  

Results: QALY was calculated to be 0.2 for diabetic patients using insulin analogs and 0.05 for 

those using regular insulin. The average cost was $3.228 for analog users and $1.826 for regular 

insulin users. An ICER of $0.093506/QALY was obtained. The present findings suggest that 

insulin analogs are more cost effective than regular insulin. 

Originality/value: This study was conducted using a cost effectiveness analysis to evaluate insulin 

analogs versus regular insulin in controling diabetes. The results of study are helpful to the 

government to allocate more resources to apply the cost- effective method of  the treatment and 

to protect patients with Diabetes from the high cost of treatment. 
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Introduction 

Individual and public health is the most important aspect of human life. Diabetes is the most 

prevalent disease caused by metabolic disorders and the fifth leading cause of mortality in Western 

societies. It is one of the most common chronic diseases worldwide and its incidence is consistently 

increasing. Type 1 diabetes is a chronic inflammatory disease with increasing prevalence in 

developed countries over the last few decades, especially among children. Type 2 diabetes is one 

of the most common metabolic diseases worldwide. Gestational diabetes is another type of 

diabetes, characterized by carbohydrate intolerance of varying severity, and begins or is diagnosed 

in the course of pregnancy. Despite recent progress in pregnancy outcomes, women with 

gestational diabetes are at a higher risk of pregnancy complications. The incidence and prevalence 

of diabetes vary among societies. According to the World Health Organization (WHO), the 

prevalence of diabetes was estimated to be 2.8% in 2000 and is expected to increase to 4.4.% by 

2030, and the total number of people with diabetes is expected to rise from 171 million in 2000 to 

366 million in 2030. Type 2 diabetes accounts for 90% to 95% and type 1 diabetes accounts for 

10% to 15% of all diagnosed diabetes cases. In Iran, the prevalence of diabetes is even higher, with 

one study estimating it to be about 7.7% in people aged 25 to 64 years and this number is expected 



to increase. The prevalence of diabetes also varies among different regions of the country. The 

Endocrinology and Metabolism Research Institutes of the University of Medical Sciences, Shahid 

Beheshti University, University of Tehran and University of Kermanshah have reported the 

prevalence of diabetes to be 2% to 10%, and the Ministry of Health and Medical Education has 

reported a prevalence rate of 3% to 11%. According to statistics, about 5% to 6% of Tehran 

residents aged 3 to 69 years have diabetes. Studies show that the highest prevalence of diabetes 

exists in Yazd City (16.3%), which is associated with the dietary habits and lifestyle choices of the 

people. The prevalence of diabetes and glucose tolerance disorders increase with age. Diabetes is 

associated with a number of complications, including retinopathy, nephropathy, neuropathy, 

ischemic heart disease, peripheral vascular disease, and cerebrovascular disease.        The literature 

has shown that diabetes has a negative impact on the quality of life and can undermine 

physical function, mental state, and social function. Moreover, microvascular complications of 

diabetes increase the risk of heart attack, stroke, blindness, renal failure, and amputation due to 

diabetic foot disorders, which can lead to catastrophic health expenditures for the patients. 

Increased prevalence of diabetes over the last few decades has highlighted the need for the 

prevention and management of this disease. Education can be a cost effective strategy in vulnerable 

communities. Exercise and diet along with medical treatment have been recommended for 

treatment of diabetes. For decades, traditional techniques have been used for insulin injection. The 

first long-acting insulin was developed in the 1930s. Most diabetic patients require the appropriate 

insulin for treatment, and the type and delivery of insulin play an important part in this process. 

The first insulin pen was introduced in the 1980s. The advantages of insulin pens for outpatients 

are ease of use and cost reduction, which increases patient satisfaction. Almost 60% of diabetic 

patients use insulin pens, although usage varies among countries. For example, 95% of diabetic 

patients in Japan, China and Australia use insulin pens, while in the United States they are used 



by only about 20% of patients. Subcutaneous insulin injection is the most common route for insulin 

administration, although it can cause pain, trypanophobia, and tissue destruction. Identifying safe, 

low-pain pens has challenged health care providers for a long time, but it is the best alternative for 

traditional techniques and can increase the quality of life of diabetic patients. The limiting 

pharmacokinetic and pharmacodynamic features of standard insulins, which often lead to 

hypoglycemia, have generated a renewed interest in insulin analogs with a lower risk of 

hypoglycemia. In recent decades, insulin analogs have been developed to overcome some of the 

disadvantages of regular human insulins. All types of insulin analog are produced by recombinant 

DNA technology, including glargine, aspart, detemir, and lispro. Given the importance of 

identifying different treatment methods for diabetes and their advantages and disadvantages, the 

present research was conducted to examine the cost effectiveness of insulin analogs versus regular 

insulin for controlling type 1, type 2, and gestational diabetes as a guide for health policymaking.    

Methodology 

The purpose of this descriptive-analytical research was to examine the cost effectiveness of insulin 

analogs versus regular insulin (pens/vials) for treatment of diabetes using the information from 

patient records at the Yazd Diabetes Center in 2017. Medical records of 200 patients who used 

regular insulin and 200 patients who used insulin analogs were reviewed. Data related to the 

outcomes and effectiveness of these treatments, including patient demographics, type of treatment, 

level of satisfaction, duration of illness, time of recovery, etc., were obtained through in-person or 

phone interviews with the patients or their families and by reviewing their medical records.  

EQ-5D was used to calculate quality adjusted life-years (QALY). This 

questionnaire consists of five dimensions i.e. mobility, self-care, usual activities, pain/discomfort, 

and anxiety/depression with each item having three levels: no problems, some problems, extreme 



problems. The QALY of patients is scored between 0 and 1 based on the  scoring 

table. The instrument also has a thermometer-like scale ranging from 0 for the worst imaginable 

health status to 100 for the best imaginable health status. The respondents can mark the scale to 

indicate their level of health. The dimensions of the instrument are rated between 1 and 3 for the 

best and worst health status respectively. To align the health status of the patients with the acquired 

scores, first the number for each selected option was subtracted from 3 and the result was used to 

represent the health status of the patients for each dimension, with higher numbers indicating 

better health and vice versa. EQ-5D was separately completed for each patient and the results were 

presented in the quantitative form.   

To calculate costs, the study was conducted f the cost 

information of diabetic patients, including the cost of monthly tests and visits as well as the cost 

of insulin analogs and regular insulin The 

average cost per patient was determined in Iranian rials (IRR). The TreeAge Software (2011) was 

used to construct the decision tree as an economic evaluation model and the data related to 

outcomes and costs were entered into the software. After data analysis, the incremental cost-

effectiveness ratio (ICER) of the interventions was calculated based on per capita GDP in 

2017 as the threshold to determine their cost effectiveness. Sensitivity analysis for the model was 

done with a 10% discount rate and a tornado diagram was generated.    

 

Results 

 

Effectiveness 



The use of insulin analogs increases safety for diabetic patients and, as a result, the users of these 

pens experienced less weight gain than those using regular insulin. However, the reduction in 

Hemoglobin A1c (HbA1c) was similar in both groups. 

The average HbA1c of patients using insulin analogs was 8.8% before usage and 6.2% after 

usage. As for patients using regular insulin, the average HbA1c was 8.3% before usage and 6.28% 

after usage. In patients using insulin analogs, the average fasting blood sugar (FBS) was 185 mg/dL 

before usage and 120 mg/dL after usage. In patients using regular insulin, the average FBS was 

180 mg/dL before usage and 136 mg/dL after usage.      

 

Table 1. Effectiveness of diabetes treatment using insulin analogs versus regular insulin using data 

from EQ-5D 

QALY Extreme Problems Some Problems No Problems 

Regular Analog Regular Analog Regular Analog 

Mobility 15% 66% 30% 57% 65% 15% 

Self-Care 17% 56% 38% 56% 74% 46% 

Usual Activities 24% 65% 17% 52% 68% 45% 

Pain/Discomfort 15% 25% 29% 59% 61% 39% 

Anxiety/Depression 20% 46% 30% 30% 78% 28% 

 

The results show that in terms of mobility, 65% of patients using insulin analogs and only 15% of 

patients using regular insulin reported no mobility problems. 15% of patients using insulin analogs 

and 66% of patients using regular insulin reported extreme mobility problems. 74% of patients 

using insulin analogs and 46% of patients using regular insulin were capable of self-care. 17% of 

patients using insulin analogs and 56% of patients using regular insulin were incapable of self-care. 



Overall, the present findings indicate that patients using insulin analogs had higher levels of 

mobility and self-care compared to those that used regular insulin. In addition, 68% of patients 

using insulin analogs and 45% of patients using regular insulin had no problems with usual 

activities. On the other hand, 24% of patients using insulin analogs and 65% of patients using 

regular insulin reported extreme problems in performing usual activities. 61% of patients using 

insulin analogs and 39% of patients using regular insulin reported no pain or discomfort. 15% of 

patients using insulin analogs and 25% of patients using regular insulin reported extreme pain 

and/or discomfort. These findings indicate that patients using insulin analogs had lower levels of 

pain and/or discomfort than those using regular insulin. 78% of patients using insulin analogs and 

28% of patients using regular insulin reported no depression and/or anxiety. On the other hand, 

20% of patients using insulin analogs and 46% of patients using regular insulin reported extreme 

depression and/or anxiety.  

 

Table 2. QALY of insulin analog versus regular insulin users using data from EQ-5D 

Outcome Analog Insulin Regular Insulin 

QALY 0.2 0.05 

 

Based on the standards in Iran, the QALY obtained from the EQ-5D instrument was 0.2 for 

patients using insulin analogs and 0.05 for those using regular insulin. 

 

Costs 

 



Table 3. Cost of diabetes treatment with insulin analogs versus regular insulin 

Cost Items Insulin Analogs Regular Insulin 

Medication 238,086 IRR ($2.1644) 83,800 IRR ($0.7618) 

Testing 65,137 IRR ($0.5912) 65,137 IRR ($0.5921) 

Visit  51,942 IRR ($0.4722) 51,942 IRR ($0.4722) 

Total 355,165 IRR ($3.228) 200,879 IRR ($1.826) 

 

The average cost of medication in every  visit was 238,086 IRR ($2.1644) for patients using 

insulin analogs and 83,800 IRR ($0.761) for patients using regular insulin. The average cost of 

IRR ($0.5921) for patients using insulin analogs and 51,942 

IRR ($0.4722) for patients using regular insulin. The average total cost was 355,165 IRR ($3.228) 

for patients using insulin analogs and 200,879 IRR ($1.826) for patients using regular insulin. 

Therefore, treatment using insulin analogs was less expensive than treatment using regular insulin. 

 

Incremental Cost-Effectiveness Ratio (ICER) 

 

Table 4. ICER values for diabetes treatment with insulin analogs versus regular insulin      

 Insulin Analogs Regular Insulin 

Effectiveness (QALY) 0.2 0.05 

Cost 355,165 IRR ($3.228) 200,879 IRR ($1.826) 

ICER = 10,285 IRR ($0.093506)/QALY 

 

Given that the QALYs for insulin analogs and regular insulin are 0.2 and 0.05 respectively, the 

ICER (cost per QALY) is 10,285 IRR ($0.093506). 



 

 

Figure 1. Decision tree for treatment with two types of insulin. 

 

Sensitivity Analysis 

Table 5. The results of sensitivity analysis 

 Insulin Analogs Regular Insulin 

Effectiveness (QALY) 0.2 0.05 



Cost {27,360 IRR ($3.228)    

37,897 IRR ($0.3445)} 

{10,388 IRR ($0.0944)     

20,925 IRR ($0.19022)} 

{ICER = 70,246 IRR ($0.6386)/QALY      ICER = 113,143 IRR ($1.0285)/QALY} 

 

Given the obtained effectiveness values, medication costs for treatment with insulin analogs and 

regular insulin were calculated with 10 percent decrease and 10 percent increase in costs. For 

insulin analogs, medication cost was 37,897 IRR ($0.3445) with 10 percent increase and 27,360 

IRR ($0.2487) with 10 percent decrease. As for regular insulin, medication cost was 20,925 IRR 

($0.19022) with 10 percent increase and 10,388 IRR ($0.0443). Also ICER was 113,143 IRR 

($1.0285) per QALY with 10 percent increase in medication cost and 70,246 IRR ($0.6386) per 

QALY with 10 percent decrease in medication cost.  

 

Discussion 

The results of the present research showed that insulin analogs are more cost effective than regular 

insulin. The results of sensitivity analysis indicated that changes in costs had no significant effect 

on the results. Costs were calculated in Iranian rials (IRR), and according to the National Statistics 

Organization, the GDP of Iran was 6940.8 trillion rials in 2017 [21]. By comparing the obtained 

ICERs insulin analogs are more cost effective 

than regular insulin.   

Valentine, William J .(2018) determined that analog insulin was associated with an 

improvement in quality-adjusted life expectancy of 1.01 quality-adjusted life-years per patient 

(12.54 vs. 11.53 quality-adjusted life-years). analog insulin was also associated with an 

increase in direct costs of €4490, resulting in an incremental cost-effectiveness ratio of €4427 

per quality-adjusted life-year gained vs. human insulin. [22] 

 



Morales et al. (2015) showed that insulin analogs are more cost effective than NPH insulin for 

treatment of diabetes. ICER stayed 

Spain. In the present research, the ICER of insulin analogs versus regular insulin was calculated 

to be 10,258 IRR ($0.0935)/QALY, which, consistent with previous studies, indicates that insulin 

analogs are more cost effective than regular insulin. The results of Ridderstråle et al. (2013) 

indicated the lower risk of hypoglycemia and less weight gain in treatment with insulin analogs 

compared to NPH insulin and lead to higher quality of life and cost effectiveness in the long-term 

. In another study, Ramirez et al. (2014) showed that insulin analogs are more cost effective than 

regular insulin in Spain due to the higher quality of life and effectiveness associated with analog 

insulin usage in the long term.  

Although insulin analogs have been shown to be more cost effective than regular insulin, some 

researchers argue that treatment with insulin analogs are more costly and, as a result, some patients 

prefer to use regular insulin. For example, Home et al. (2013) showed that while both types of 

insulin reduce HbA1c similarly, insulin analogs are more expensive than regular insulin and can 

become a burden for the healthcare system.  

The cost-effectiveness analysis performed in the present research is consistent with other 

studies and shows that insulin analogs are more cost effective than regular insulin. Basal insulin 

analogs have received increasing attention in advanced countries. Pfohl et al. (2012) conducted an 

economic evaluation of a basal insulin analog (i.e. insulin glargine) compared to NPH in treatment 

of type 1 diabetes in Germany. They found that this basal insulin increased life expectancy by 0.196 

years and improved QALYs by 0.396 units while at the same reducing costs by 

after 40 years compared to NPH. Therefore, they argued that insulin glargine was a cost effective 

and even cost saving alternative to NPH.  



In the present research, the average cost of diabetes treatment was 355,165 IRR ($3.2287) with 

insulin analogs and 200,879 IRR ($1.826) with regular insulin, which is consistent with previous 

findings regarding the higher cost effectiveness of insulin analogs compared to regular insulin. 

Given that diabetes can occur at any age, there has been a growing interest among researchers to 

continue examining children with diabetes. For instance, Liu et al. (2016) compared the 

effectiveness of insulin glargine versus NPH in treatment of children with type 1 diabetes in China. 

They found that insulin glargine is not only more effective, but also a useful alternative for Chinese 

diabetic children due to greater safety.       

Despite the various advantages of using insulin analogs, they may be risky for some patients 

and in these cases using regular insulin can prove to be safer and more effective. Permsuwan et al. 

(2016) investigated the long-term cost-effectiveness of insulin glargine versus NPH insulin for 

treatment of type 2 diabetes in Thailand. The results showed that insulin glargine was not a cost 

effective treatment for patients type 2 diabetes patients who had uncontrolled blood glucose.  

 

 

 

 

Conclusion 

 

The results of the present research suggest that insulin analogs are preferable to regular insulin due 

to being associated with better quality of life and longer life expectancy. Our findings indicate that 

insulin analogs are more effective and cost effective than regular insulin. Given the sensitive care 



that diabetic children and adult require, it is recommended that this technology is supported by 

government subsidies primarily for these two age groups. Also, health insurance companies are 

recommended to offer and cover the costs of analog insulin treatment.     
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