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ABSTRACT
Introduction: Patients with Type 2 Diabetes Mellitus (T2DM) 
typically require long-term treatment with antidiabetic 
medications, resulting in a significant financial burden on both 
the individual and the global economy.

Aim: To assess the patterns of drug utilisation and the economic 
aspects of antidiabetic medications in individuals with diabetes 
mellitus.

Materials and Methods: The current study was a hospital-
based longitudinal study conducted between October 2017 and 
September 2019. A total of 132 diagnosed cases of T2DM, aged 
18 years and older, who had been on antidiabetic medications 
in the past three months, were included in the study. Pregnant 
women and patients in diabetic coma were excluded from the 
study. A predesigned, pretested, semistructured questionnaire 
was used to collect data from the patients or their legally accepted 
relatives. The subjects were followed-up at three and six months 
to determine any changes in the type and doses of medication. 
Laboratory parameters such as Fasting Blood Sugar (FBS) and  
Postprandial Blood Sugar (PPBS) were measured at baseline 

and at six months, along with a history of any complications of 
diabetes. The data were analysed using Statistical Package for 
the Social Sciences (SPSS) version 27.0.

Results: A total of 132 patients were included, of which most 
patients were male (65.9%), aged 60 years or above (50.8%), 
illiterate (79.5%), and resided in rural areas (94.7%). The Average 
Cost-Effectiveness Ratio (ACER) for reducing a unit of FBS was 
higher compared to PPBS across all forms of the drug. The ACER 
at three months showed a constant increase, from 24.56 for 
metformin only to 2709.26 for insulin with Oral Hypoglycaemic 
Agents (OHA) for FBS, and from 7.83 for metformin only to 
907.47 for insulin with OHA for PPBS. Metformin was the most 
commonly prescribed medication, both as a standalone therapy 
and in combination therapy.

Conclusion: Present investigation showed that rational 
prescribing effectively reduced blood sugar readings. Metformin 
and Glimepiride were the predominant pharmaceuticals utilised for 
the treatment of diabetes. The cost-effectiveness study indicates 
that the financial burden of diabetes is substantial, particularly 
when considering the socio-economic status of individuals.
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INTRODUCTION
High blood glucose levels characterise a collection of metabolic 
illnesses known as diabetes mellitus. T2DM is a heterogeneous 
disorder marked by varying levels of insulin resistance, reduced insulin 
secretion, and heightened glucose synthesis by the liver [1]. The main 
cause of diabetes-related morbidity is the long-term consequences 
of sustained high blood sugar levels, such as microvascular and 
macrovascular complications. Consistent management of blood 
glucose levels and treatment of accompanying conditions, including 
hypertension and dyslipidaemia, can help alleviate these long-term 
consequences [2].

T2DM is a significant factor in the increasing prevalence of non 
communicable diseases in both industrialised and developing 
countries. The International Diabetes Federation Atlas (2017) 
projects that diabetes affects approximately 451 million individuals 
aged 18 years and over worldwide, with a projected increase to 693 
million by 2045 [3]. Diabetes prevalence in India currently stands at 
32.7 million. Projections indicate that this figure will rapidly increase 
to 124.9 million by 2045 [4]. In 2017, approximately 4.0 million 
people died worldwide due to diabetes and its complications. The 
cost of managing diabetes increased from 237 billion USD in 2007 
to 727 billion USD in 2017 [3].

Patients with T2DM typically require long-term treatment with 
antidiabetic medications, resulting in a significant financial burden 

on both the individual and the global economy. The elderly face 
health economic challenges and social assistance issues [4]. Older 
diabetics frequently have co-morbidities that necessitate the use of 
multiple medications. Moreover, physiological differences in elderly 
individuals can lead to variations in the absorption, distribution, 
metabolism, and elimination of medications, as well as their effects 
on the body. As a result, the elderly often experience inappropriate 
medicine use, illogical prescribing, Adverse Drug Reactions (ADRs), 
and non compliance due to economic and health concerns [4]. 
Therefore, it is essential to address these issues and develop 
strategies for prescription medication for the elderly.

Rational prescribing ensures that pharmaceuticals are suitable for 
their specific clinical indications, at the appropriate dosage, for a 
sufficient duration, and at the most cost-effective price for both the 
patient and the community. Drug utilisation studies support this. 
According to the World Health Organisation (WHO), drug utilisation 
encompasses various aspects of drug management in society, 
including prescription, dispensing, ingestion, marketing, distribution 
and usage. It primarily focuses on the subsequent health, societal 
and economic outcomes. These studies are essential because 
they encourage us to think critically about new drugs that come to 
the market, the wide range of prescription and usage patterns for 
drugs, concerns about delayed ADRs, and how the costs of drugs 
and therapies are increasing [5,6].
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Pharmacoeconomics is a recently developed field of health 
economics that compares multiple medications, instruments/
products, or therapies. It calculates expenses and outcomes related 
to effectiveness and quality of life. These investigations ensure the 
scientific and competent utilisation of scarce resources to enhance 
the effectiveness of healthcare facilities in underdeveloped nations 
[7,8]. Implementing a cost-effective treatment for diabetes mellitus will 
not only encourage patients to follow the appropriate prescriptions 
but also improve patient adherence, resulting in fewer individuals 
discontinuing treatment due to financial considerations. This, in turn, 
will lead to reduced diabetes complications and an improved quality 
of life, thereby enhancing the effectiveness of therapy.

In a study conducted in northern India, the cost per unit reduction 
in fasting glucose was as low as INR 10.46 for oral antidiabetic 
medications and as high as INR 217.38 for injectables [9]. Another 
study from southern India found that the most economical 
combination therapy was glimepiride and metformin, reporting a 
percentage cost variation of 5.88% for three-drug combinations 
and 177.57% for two-drug combinations [10]. The cost variation 
was highest among the different formulations and combinations 
of injectable antidiabetics [10,11]. Given the large variation in the 
study findings, which differ across various geographies within 
India, present study was designed as a drug utilisation study in 
diabetic patients who visit our hospital. The primary objective of 
this study was to assess the patterns of drug utilisation and the 
economic aspects of antidiabetic medications in individuals with 
diabetes mellitus.

MATERIALS AND METHODS
The current study was a longitudinal study conducted between 
October 2017 and September 2019 (24 months) in the Department 
of Endocrinology at Maharaja Krushna Chandra Gajapati Medical 
College and Hospital, Berhampur, Odisha, India. The Institutional 
Ethics Committee (IEC) approved the study, as documented in letter 
No. 588/Chairman-IEC, M.K.C.G Medical College, Brahmapur-4. 
Written informed consent was obtained from each eligible subject 
before enrollment in the study.

Inclusion criteria: Diagnosed cases of T2DM aged 18 years and 
older, who had been on antidiabetic medications in the past three 
months, were included in the study.

Exclusion criteria: Pregnant women and patients in diabetic coma 
were excluded from the study.

Sample size calculation: According to a previous study by 
Gnanasegaran S et al., the proportion of patients receiving 
combination oral antidiabetics was 85.3%. Taking this effect size 
with an error of 7%, a power of 80%, and an alpha value of 0.05, the 
sample size was calculated to be 110 [10]. Considering a dropout 
and missing data rate of 20%, the final sample size was increased 
to 132. The sample size was calculated using OpenEpi.

The study subjects were recruited and enrolled from the Outpatient 
Department (OPD) of Endocrinology of the institute. A predesigned, 
pretested, semistructured questionnaire was used to collect data 
from the patients or their legally accepted relatives. Five subject 
experts assessed the content validity of the questionnaire. It was 
pretested on 15 subjects (10% of the total sample), and necessary 
modifications were made. The subjects included in the pretesting 
were excluded from the final analysis. Demographic data, such 
as age, sex, education, residence, lifestyle and monthly family 
income, were collected. Information regarding diabetes history, 
including the duration of the disease, and drug utilisation data, 
such as type of drug (single/combinations), dose, and routes of 
administration, were also recorded. Detailed treatment history, 
including the initiation of antidiabetics and any changes in treatment 
during the course, was documented. Subjects were followed-up 
at three and six months to assess changes in the type and doses 
of medication.

Laboratory parameters, including FBS and PPBS, were measured at 
baseline and at six months, along with a history of any complications 
related to diabetes. Drug utilisation data for current therapy were 
noted according to the WHO-ATC/DDD (World Health Organisation- 
Anatomic Therapeutic Chemical (ATC) and Defined Daily Dose (DDD) 
tool [12]. The cost of antidiabetics was calculated using the Odisha 
State Medical Corporation Limited Drug Procurement List (OSMCL) 
[13]. The economics of antidiabetics was measured by the ACER, 
calculated as the ratio of the cost of antidiabetic medications to the 
unit decrease in FBS and PPBS.

STATISTICAL ANALYSIS
The data were analysed using SPSS version 27.0. Frequencies and 
percentages were used to describe categorical variables, while mean 
and Standard Deviation (SD) were used for continuous variables. 
The comparison of the median of continuous variables at more 
than two different time points was calculated using the Friedman 
test, as the distribution of continuous variables was not normally 
distributed, as assessed by the Shapiro-Wilk test. A p-value <0.05 
was considered statistically significant.

RESULTS
A total of 132 diabetic patients were included in the final analysis. 
Most patients were male (65.9%) and aged 60 years or above 
(50.8%). The majority of patients were illiterate (79.5%) and resided 
in rural areas (94.7%). Most had some form of income (96.9%) and 
engaged in moderate housework (74.2%). The average monthly 
income of the patients was Rs. 2545.45±1412.13. Co-morbidities 
were present in 65.9% of the patients, and 48.5% had a duration of 
diabetes exceeding 18 months [Table/Fig-1].

Variables n (%)

Age (years)

<60 65 (49.2)

≥60 67 (50.8)

Gender

Male 87 (65.9)

Female 45 (34.1)

Education

Illiterate 105 (79.5)

Literate 27 (21.5)

Residency

Urban 7 (5.3)

Rural 125 (94.7)

Occupation

Employed 128 (96.9)

Dependent 4 (3.1)

Life style

Mild/moderate work 98 (74.2)

Sedentary 34 (25.8)

Duration of diabetes

≤18 months 68 (51.5)

>18 months 64 (48.5)

Co-morbidities

Present 87 (65.9)

Absent 45 (34.1)

[Table/Fig-1]:	 Socio-demographic and baseline characteristics of the study popu-
lation (N=132).

Laboratory parameters for diabetes, such as FBS, PPBS, and 
glycosylated haemoglobin (HbA1c), significantly decreased from 
baseline measurements to those taken at three months and six 
months (p-value <0.001) [Table/Fig-2].
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[Table/Fig-3]:	 Change in medications and dose of medication through time 
among the study population (N=132).

[Table/Fig-4]:	 Changes in the type of medication among the study population 
through time (N=132).

At baseline, 36 (27.3%) of the patients were prescribed only one 
Oral Hypoglycaemic Agent (OHA), which was metformin; 76 (57.6%) 
were prescribed metformin with one additional OHA; 17 (12.9%) had 
insulin with an OHA; and the remaining 3 (2.3%) were prescribed only 
insulin. The number of patients prescribed two OHAs was highest at 
the three-month follow-up, at 96 (72.7%), while the proportion slightly 
decreased to 78 (59.1%) at six months. Eight (6.1%) patients were 
given three OHAs, which increased to 28 (21.2%) at six months. All 
subjects who were prescribed only insulin at baseline (3, or 2.3%) 
were changed to insulin with an OHA at three months (20, or 15.2%) 
and remained unchanged at six months [Table/Fig-4].

DISCUSSION
According to the findings of the current study, metformin was the 
most commonly prescribed medication, both as a standalone 
treatment and in combination therapy. This finding was consistent 
with multiple previous research studies [14-16]. The guidelines from 
the European Association for the Study of Diabetes (EASD) and 
the American Diabetes Association (ADA) also support the use of 
metformin as the initial medication for treating T2DM. Metformin 
is favoured due to its minimal potential for hypoglycaemia, lower 
chance of weight gain, potential for weight reduction, improved 
cholesterol levels, and cost-effectiveness [17,18].

The primary approach to treating diabetes in present study (76; 
57.6%) and other investigations was combination therapy [19-21]. 
In contrast to previous studies where monotherapy was used as 
the primary treatment, the current study demonstrated a different 
approach [16]. A Fixed Drug Combination (FDC) enhances adherence 
to treatment protocols and potentially reduces treatment expenses. 
However, it may also increase the likelihood of experiencing negative 
medication responses and interactions [22]. The present analysis 
revealed that the combination of glimepiride and metformin was the 
most frequently prescribed, which aligns with the most preferred 
combinations in earlier studies [23,24].

Present study analysis showed a lower prescription rate (15%) for 
insulins, particularly newer insulins. Similar findings were observed in 
research conducted by Mathew OJ and Nduka SO and Sutharson 
L et al., where the prevalence rate was around 10% [25,26]. This 
was corroborated by the recent ADA guidelines, which advocate 
for the initiation of insulin therapy (with or without supplementary 
medications) in individuals newly diagnosed with Type 2 Diabetes 
(T2D) who have significant symptoms and/or elevated blood glucose 
levels or HbA1c, or if individuals with T2D are not achieving their 
desired glycaemic targets with Oral Antidiabetic Drugs (OADs) [18].

Cost-Effectiveness Analysis (CEA) is a widely used method of 
economic evaluation in medication therapy. It helps identify the cost 
discrepancies between treatments with comparable outcomes in a 
specific therapeutic domain. India, known as the global epicenter of 
diabetes, combined with the chronic nature of the disease, results 
in a substantial financial burden. The high cost of pharmaceuticals 
can affect patients’ adherence and lead to a decline in their 
medical wellbeing and overall quality of life. Reducing the expenses 
associated with diabetes treatment for patients would significantly 
impact healthcare expenditures in India.

The primary objective of pharmacoeconomic evaluation is not to 
directly influence the therapeutic choices made by physicians but 
rather to assist physicians, pharmacists and policymakers in making 
well-informed decisions regarding whether the cost and additional 
benefits of a new drug are significant within the allocated budget [5,6].

This study observed the highest average decrease in blood glucose 
parameters for PPBS compared to FBS. The findings of present 
investigation were corroborated by several studies conducted in 
India [20,27,28]. There was a significant variance in the average 
cost per unit reduction in FBS (ACER) of recommended antidiabetes 
medication regimens, ranging from 38.61 to 385.92. This variation 
was consistent with the findings of a previous study by Acharya KG 
et al., [20]. In present study, using a single drug called biguanide and 

Parameters Baseline 3 months 6 months p-value

FBS (mg/dL) 152.88±18.65 131.22±15.53 109.42±14.59 <0.001**

PPBS (mg/dL) 269.64±36.21 204.70±34.06 135.24±27.95 <0.001**

HbA1c (%) 8.91±0.84 7.36±0.79 5.95±0.65 <0.001**

[Table/Fig-2]:	 Laboratory parameters at different time intervals (N=132). 
**Friedman test was applied; FBS: Fasting blood sugar; PPBS: Postprandial blood sugar;  
HbA1c: Glycosylated haemoglobin

The dose modification was highest at baseline (96.2%), primarily 
involving an increase in the concurrent medication dose. At the 
three-month follow-up, the dose modification was 37.9%, which 
decreased to 9.8% at six months. All dose modifications made at 
the three- and six-month follow-ups involved increasing the doses 
of concurrent medications [Table/Fig-3].

The ACER for reducing a unit of FBS was higher compared to 
PPBS for all forms of the drug. The ACER at three months showed 
a constant increase from 24.56 for metformin only to 2709.26 for 
insulin with OHA for FBS, and from 7.83 for metformin only to 
907.47 for insulin with OHA for PPBS. At the six-month mark, 
metformin only had a better ACER, followed by combinations of 
three OHAs and two OHAs per unit decrease in FBS and PPBS. 
Meanwhile, the ACER for insulin with OHA was considerably higher 
than that of other regimens at six months [Table/Fig-5].

Drugs (dose in mg)
N (%) at 
baseline

ACER at 3 months ACER at 6 months

FBS PPBS FBS PPBS

Only metformin 36 (27.3) 24.56 7.83 38.61 1.60

Metformin and sulfonylurea 76 (57.6) 116.97 36.34 89.10 17.34

Three OHA 0 - - 28.39 6.3

Insulin only 3 (2.3) 291.84 86.12 - -

Insulin + OHA 17 (12.9) 2709.26 907.47 385.92 181.81

[Table/Fig-5]:	 Cost-effective analysis of antidiabetic drugs at different time points. 
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a combination of two drugs called sulfonylurea and biguanide were 
the most cost-effective approaches in reducing FBS and PPBS. 
These findings align with previous studies [21,28]. The study by 
Acharya KG et al., found that the combination of sulfonylurea and 
biguanides was the most cost-effective [20]. Insulin monotherapy is 
more cost-effective than combining it with OHA, as demonstrated in 
a study conducted by Abdulganiyu G and Fola T [27].

Limitation(s)
Present study had a few limitations, as the research was carried 
out in a single-centre, tertiary care set-up, and the results may be 
applicable only to tertiary care settings. A multicentre study involving 
all types of healthcare centres may provide a broader perspective.

CONCLUSION(S)
Present investigation showed that rational prescribing effectively 
reduces blood sugar levels. Metformin and sulfonylureas were the 
predominant pharmaceuticals used for the treatment of diabetes. 
The cost-effectiveness study indicates that the financial burden 
of diabetes is substantial, especially when considering the socio-
economic status of individuals.
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