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virginia@usd.ac.id Methods: This study employs a narrative review approach using the

PRISMA-P 2015 structured approach to examine studies. This article's
methodological quality was evaluated using the Drummond checklist.
The terms "cost-effectiveness analysis," "diabetes mellitus type 2," and
"insulin" were used in the literature search for this study.

Results: We obtained five pieces of literature fulfilling inclusion and
exclusion criteria. The results indicated that the age range of type 2 DM
patients in this study is 57-62 years, with a majority being women. The
most  frequently occurring complication is cardiovascular
complications. NPH insulin and glargine insulin were the most
extensively studied insulins in the literature review.

Conclusion: Based on the cost-effectiveness analysis, glargine insulin is
more cost-effective than NPH insulin in Asia due to the rare occurrence
of hypoglycemia which is a common side effect as a treatment
outcomes.
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INTRODUCTION

Diabetes Mellitus (DM) is a common term for a group of metabolic disorders characterized by
hyperglycemia resulting from impaired insulin secretion, insulin effectiveness, or both.? Chronic hyperglycemia
associated with diabetes is linked to long-term organ damage, dysfunction, and failure, particularly in the eyes,
kidneys, nerves, heart, and blood vessels. Among diagnosed cases of DM, 5.8% are classified as type 1 diabetes,
while 90.9% are classified as type 2 diabetes.?

According to the latest data from the International Diabetes Federation (IDF), the global prevalence of
type 2 diabetes mellitus in adults is 536.6 million people (10.5%) in 2021.3 In 2019, 10.7 million people in
Indonesia had diabetes, making it one of the countries with the highest absolute prevalences globally.
Approximately 812.204 people were identified with a diagnosis of type 2 diabetes mellitus based on National
Health Insurance (JKN) data.?

Type 2 DM requires intensive therapeutic management to prevent disease progression and complications.
The principles of managing type 2 DM include non-pharmacological interventions such as adopting a healthy
lifestyle and pharmacological interventions such as oral antidiabetic (OAD) therapy, either alone or in
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combination with insulin.> Insulin is an essential medication in the management of type 1 DM and is also used in
certain cases of type 2 diabetes.®

The variation in insulin therapy utilization results in differences in treatment costs.” Specifically in India,
the latest expensive insulin promoted and frequently prescribed costs INR 1800 (30 USD) per vial, making insulin
degludec more expensive in India compared to Europe, and 50% more expensive than human insulin compared
to NPH, sold at INR 133 (2.2 USD). Additionally, the average price list of insulin has nearly tripled from 2002 to
2013. Between 2001 and 2015, lispro and human insulin became expensive by 585% (from 35 to 234 USD per
vial) and 555% (from 20 to 131 USD per vial), respectively.® The economic burden associated with DM treatment
necessitates a cost-effectiveness analysis to aid decision-making in selecting more cost-effective treatment
options.®

Pharmacoeconomics is the foundation of Health Technology Assessment (HTA), but its uptake in Asia has
historically been sluggish. The lack of awareness and the lack of country-specific epidemiological, clinical, and
health economics data, together with fragmented research efforts, are some of the factors that have contributed
to the sluggish adoption of HTA across Asia.'° Pharmacoeconomic studies will help determine treatment choices
for DM by considering the cost-effectiveness of the therapies provided.!! Cost-effectiveness analysis aids in
determining the value of money or efficiency, which enables decision-makers to deploy resources effectively.??
The study aims to investigate the cost-effectiveness of insulin utilization among type 2 diabetes patients.

METHODS
Inclusion and Exclusion Criteria

The literature utilized in this study must meet the following criteria: (1) written in both English and
Indonesian languages, (2) published between 2013 to 2023, (3) accessible through electronic databases such as
PubMed and Google Scholar, (4) focus on the cost analysis of treatment for patients diagnosed with Type 2
Diabetes Mellitus who use insulin, (5) provide patient profile information, including gender, age, blood glucose
levels, Body Mass Index (BMI), complications or comorbidities, and conducted in Asian regions. Exclusion criteria
include studies involving therapies other than insulin, lack of initial patient profile description (baseline), and
articles that do not discuss the influence of costs on patient treatment.

Method
This study employs a narrative review approach using the PRISMA-P 2015 structured approach to examine
studies. The methodological quality of this article was appraised using Drummond checklist.?

Literature Search Strategy

Literature search in this study utilized the keywords "cost-effectiveness analysis," "diabetes mellitus type
2," and "insulin." The literature publications were restricted to the period from 2013 to 2023. Subsequently,
the literature search was conducted based on title, author names, contextual references, and library variables.

Data Extraction

Data extraction was performed by reviewing the population, intervention, outcome, and results, which
were then recorded in a table based on an extraction form containing the following information: (1) author(s),
(2) year of publication, (3) population criteria, (4) intervention, (5) comparator, (6) outcome.

Data Synthesis

Data synthesis was conducted by analyzing the effectiveness of single or combination insulin therapy in
patients with type 2 diabetes mellitus using a narrative approach. The obtained literature was subjected to
critical appraisal by two researchers and discussed until conclusions were reached.

RESULTS AND DISCUSSION

Data from the literature studies indicate that the age range of patients with type 2 diabetes mellitus
receiving insulin therapy varies from 57 years to 62 years. According to the CDC, the majority of type 2 diabetes
patients fall within the age range of 45-64 years, where there is an increased insulin resistance and pancreatic
cell dysfunction among individuals above 45 years of age. In this literature study, the majority of individuals with
type 2 diabetes were women.* The higher prevalence of type 2 diabetes among women is associated with lower
physical activity levels and a higher prevalence of obesity among women.> The HbAlc levels in the literature
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Figure 1. Diagram of articles included in the analysis

studies ranged from 8.1% to 9.55%. According to the recommended insulin therapy guidelines in Indonesia, basal
insulin can be initiated in combination with dual/triple oral antidiabetic drugs (OAD) if the HbA1lc levels range
from 7.5% to 9% and the diabetes has been present for a long duration.'® Body Mass Index (BMI) values are
divided into five categories based on WHO criteria: underweight (<17.0 kg/m2), mild underweight (17.0-18.4
kg/m2), normal weight (18.5-25.0 kg/m2), mild overweight (25.1-27.0 kg/m2), and overweight (>27.0 kg/m2).%6

The sample size in this literature study varies from 174 patients to 9,419 patients. The variation in patient
sample sizes is attributed to differences in methods and modeling used. The lowest sample size is from the study
by Farschi et al (2016) because the research employed a pharmacoeconomic study method simultaneously with
clinical trials, while other studies in this literature review used pharmacoeconomic study methods with modeling.
Despite several proposed methods as a basis for calculating sample size for pharmacoeconomic studies
conducted alongside clinical trials, a standardized formula that can be practically and universally accepted is not
yet available.’” On the other hand, studies utilizing modeling methods yield larger sample sizes, as exemplified
by the research conducted by Permsuwan et al (2017) with 9,419 patients. This increase is attributed to the
utilization of the Thai Database Registry (TDR) database, allowing for simulation modeling.'® Based on this
literature study, most individuals with type 2 diabetes were classified as mildly overweight or overweight.
The risk of developing type 2 diabetes increases proportionally with the incidence of diabetes, with a 23%
increased risk for every unit increase in BMI (kg/m2).%°

The most commonly occurring complications from the literature studies are cardiovascular complications
(myocardial infarction, angina pectoris, stroke, peripheral vascular disease, congestive heart failure),
microalbuminuria, and neuropathy. Type 2 diabetes mellitus is often associated with an increased risk of
cardiovascular complications. One mechanism linking type 2 diabetes to cardiovascular complications is the
occurrence of low-grade inflammation. Type 2 diabetes and insulin resistance are associated with excessive
expression of several cytokines by adipose tissue, including tumor necrosis factor-alpha, interleukin-1,
interleukin-6, leptin, resistin, monocyte chemoattractant protein-1, plasminogen activator inhibitor-1,
fibrinogen, and angiotensin. The excessive expression of these cytokines contributes to increased inflammation
and lipid accumulation, which have detrimental effects on blood vessels and can lead to endothelial dysfunction,
myocardial infarction, and cardiomyopathy.?®

Shaffie and Ng (2020) examined insulin glargine and NPH, as well as insulin detemir and NPH, in a
Malaysian study. The study utilized the UKPDS OM 2.0 modeling. This modeling is a computerized simulation tool
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designed to estimate Life Expectancy, Quality Adjusted Life Years, Quality, and cumulative costs of complications
in patients with type 2 diabetes mellitus (T2DM). It applied equations and peer-reviewed algorithms published
in the UK Prospective Diabetes Study (UKPDS).?! Insulin detemir and glargine have higher costs compared to NPH
insulin but have higher QALY values due to lower complication rates and hypoglycemic events. Although insulin
glargine and detemir are more cost-effective compared to NPH, the obtained ICER values are higher than the
accepted willingness-to-pay threshold set by the Malaysian government (RM 29,080/QALY).??

Insulin BiAsp 30 and insulin NPH were examined in an Iranian study by Farschi et al. (2016). The study was
conducted over 48 weeks. The QALY value was obtained using the EQ-5D-3L questionnaire and the Visual
Analogue Scale (VAS). The European Quality of Life-5 Dimensions 3 Level version (EQ-5D-3L) was used, which was
developed by EuroQol from the UK. This questionnaire consists of 5 dimensions: 1) mobility/walking, 2) self-care,
3) usual activities, 4) pain/discomfort, and 5) anxiety/depression. Each dimension has 3 levels of response: 1) no
problems, 2) moderate problems, and 3) severe problems. Each level in the dimension has different coefficients.
A value of 100% or 1000 indicates perfect health.?® The study calculated the costs of each intervention (direct
and indirect) as well as the side effects (hypoglycemia and weight gain). The conclusion obtained was that insulin
BiAsp 30 is more cost-effective in terms of dominance (higher effectiveness and lower cost) compared to insulin
NPH.%

A Hong Kong study by Lau et al. (2019) contrasted insulin NPH with insulin glargine. The QVIA™ Core
Diabetes Model (CDM) v9.0 was used to assess the costs incurred during treatment and the outcomes achieved.
CDM is often used as a policy analysis tool because it is a non-product-specific model. It consists of a set of 15
sub-models, where each sub-model is a combination of a semi-Markov model structure and Monte Carlo
simulation, which simulate major diabetes complications including, but not limited to, congestive heart failure,
myocardial infarction, stroke, end-stage renal disease, lower extremity amputation, foot ulcers, and
hypoglycemia. This model uses time-dependent probabilities, states, and diabetes types derived from published
sources. CDM projects outcomes for the population based on the following lists: initial cohort characteristics,
history of past complications, concomitant treatments, and changes in physiological variables over time. From
these, the model can calculate complication events, life expectancy, quality-adjusted life expectancy, and total
costs in the population. The calculated costs include direct and indirect costs. The results obtained indicate that
insulin glargine was more cost-effective than insulin NPH with an ICER value of 98.663.%

A 2016 study by Permsuwan et al. in Thailand comparing NPH therapy with insulin glargine. The study
utilized the IMS CORE Diabetes Model version 8.5 (CDM), a computer simulation model. The research perspective
was from the national insurance, so only direct costs of medication, therapy management, diabetes-related
complications, and associated side effects were considered. The results showed that insulin glargine therapy was
more cost-effective compared to NPH insulin due to the higher QALY value obtained with insulin glargine. The
ICER value obtained was 244,915 THB/QALY. However, the ICER value obtained was still above the willingness-
to-pay threshold set by the Thai government, which is THB 160,000/QALY.**

A study conducted by Permsuwan et al. (2017) in Thailand compared insulin glargine vs detemir therapy.
The study utilized the IMS CORE Diabetes Model version 8.5 (CDM), a computer simulation model. The IMS CORE
Diabetes Model (CDM) is a simulation model that predicts long-term health outcomes and costs associated with
the management of TLDM and T2DM. The CDM has been extensively used to evaluate the cost-effectiveness of
new therapy options for diabetes treatment. The model is also routinely used to inform reimbursement
decisions, public health issues, resource planning, clinical trial designs, and optimal patient management
strategies.?® The results showed that insulin detemir had higher total costs compared to insulin glargine.
However, when measuring insulin detemir as a single dose, it was dominant (lower cost and higher effectiveness)
compared to insulin glargine. The ICER value obtained was 856,899.18

Based on Table I, the costs incurred for each therapy in various countries in Asia are described. There are
differences in costs even for the same type of therapy. This is due to the different perspectives used in each
pharmacoeconomic study. Malaysia and Thailand adopt a payer perspective, Iran uses a patient perspective, and
Hong Kong applies a social perspective. The difference in perspectives significantly influences the total costs
incurred in a therapy. From the payer perspective, it usually includes only medical costs. This perspective is
commonly used by state-owned insurance providers. The patient perspective includes medical costs, direct non-
medical costs (such as transportation expenses), and productivity loss costs. On the other hand, the social
perspective encompasses medical costs, direct non-medical costs (such as transportation and informal
expenses), and productivity loss costs.?” Insulin NPH and insulin glargine are the most extensively researched
insulins in this literature study. Insulin NPH is widely studied due to its more economical price compared to analog
insulins.?® On the other hand, insulin glargine is frequently prescribed and considered the gold standard in basal
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Table Il. The Costs Associated with Each Literature

Malaysia Iran Hongkong Thailand (1) Thailand (2)
NPH 33,182 RM 1,101.24 740,776 HKD 541,806 THB
(7,503.84 USD) usD (94,367.87 USD) (15,790.11 USD)
Glargine 38,151 RM 762,136 HKD 661,344 THB 2,405,599 THB
(8,627.54 USD) (97,088.93 USD) (19,273.86 USD)  (70,107.51 USD)
Detemir 39,209 RM 3,262,268 THB
(8,866.80 USD) (95,073.82 USD)
BiAsp 30 930.55 USD

NPH: Neutral Protamine Hagedorn, BiAsp: Biphasic Aspart, RM: Ringgit Malaysia, HKD: Hongkong Dolar, THB: Thailand Bath, USD: US Dolar;
Perspective: Malaysia: Payer, Iran: Patient, Hongkong: Social, Thailand: Payer

insulin therapy. Additionally, insulin glargine can be safely and effectively used in various stages of injection
therapy, ranging from initial basal insulin therapy combined with oral antidiabetic medicines to different
combination therapies.?*

Compared to NPH insulin, basal insulin analogs have demonstrated several benefits, such as reduced
pharmacological fluctuations, a decreased likelihood of hypoglycemia, and a more significant influence on overall
quality of life. The clinically significant reduction in the risk of hypoglycemia by insulin glargine compared to NPH
in patients with T2DM is expected to be a major contributor to the cost-effectiveness of insulin glargine, as
significant savings can be achieved with lower hypoglycemia treatment costs.3%3! Regarding cardiovascular
complications, insulin glargine reduces triglyceride levels, causes a low increase in body weight, decreases
hypoglycemia compared to NPH, and has a neutral effect on blood pressure. The ORIGIN trial, a specific
cardiovascular outcome trial of glargine, did not show an increased risk of cardiovascular events.3? According to
the study by Wolnik et al. (2020), insulin glargine achieved a reduction in HbAlc of 20.5% from baseline to 6
months after switching from NPH insulin in 71.7% of participants. At 3 and 6 months, there was a significant
average reduction in HbAlc of 0.77% and 1.01%, respectively.?® In addition, insulin glargine is also effective with
a good safety profile in both younger and older patients with uncontrolled T2DM, indicating that insulin glargine
can be a suitable treatment option for elderly patients representing a vulnerable population susceptible to
hypoglycemia.3*

CONCLUSION

Insulin NPH and insulin glargine have been extensively studied in the literature due to the cost-
effectiveness of NPH insulin, which is cheaper than analog insulins, and the widespread prescription of insulin
glargine for basal insulin therapy in Asia. In the studies included in the literature, insulin glargine is found to be
more cost-effective than NPH insulin in Asia because it has a lower occurrence of side effects, particularly
hypoglycemia, which is a common concern in diabetes treatment.
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