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ABSTRACT
Background: Respiratory infections refer to any disease of airways and lungs which affects 
the respiratory system of humans. The nasal cavities, pharynx, larynx, trachea, bronchi and 
bronchioles, the tissues of the lungs and the respiratory muscles of chest cage are all susceptible 
to respiratory system diseases. To evaluate cost-benefit and cost-effective analysis of medications 
used in respiratory tract diseases, an observational prospective study was conducted for 120 
patients. Materials and Methods: The patient data and other socioeconomic details were 
collected. The current index of medical specialists, updated version in March 2022, was used for 
Cost benefit and Cost effectiveness study. Regression analysis was used for the statistical analysis. 
Results: Among the 120 participants studied, 74 (61.66%) were male and 46 (38.34%) were 
female. Out of these participants, 89 had a C/B ratio of less than 1, 30 had a C/B ratio greater than 
1 and 1 had a C/B ratio equal to 1. The Cost-Effectiveness Analysis (CEA) of various drugs indicated 
that among bronchodilators, Asthalin is more cost-effective than Duolin; among corticosteroids, 
Budecort is more cost-effective than Hydrocort; and among anti-tuberculosis medications, AKT-4 
is more cost-effective than Ethambutol. Conclusion: The common medications prescribed in 
our study were Asthalin (bronchodilators). Out of 120 study participants 89 patients were cost 
benefited from the treatment. The CEA results showed that Asthalin, Budecort and AKT-4 are 
more cost-effective than Duolin, Hydrocort and Ethambutol. The study found that Asthalin is the 
most effective treatment for respiratory tract diseases among participants, according to CBA and 
CEA.

Keywords: Cost Benefit Analysis, Cost Effective Analysis, Quality Adjusted Life Years, Respiratory 
tract infections.

INTRODUCTION

The pharmacoeconomic analysis is an important tool for 
evaluating the cost-effectiveness of medical interventions. It is 
used to assess the value of a medical intervention by comparing 
its costs with its benefits.1,2 Pharmacoeconomic analysis can help 
in evaluating the cost-effectiveness and Benefits of interventions 
for respiratory diseases.3

The morbidity and mortality causes of respiratory infections are 
unclear; however, recent statistics show that the British Thoracic 
Society has previously estimated the cost of respiratory disease 
in the UK to be £6.6 billion in 2004.4 In 2015, Mycobacterium 
tuberculosis-infected over 10.4 million people worldwide and 
killed 14% of the patients. Respiratory diseases directly contribute 

to 10% of the total (DALYs) disability-adjusted life years in the 
human workforce, in addition to the mortality toll.5

Asthma, pulmonary fibrosis, lung carcinoma (lung cancer) COPD, 
cystic fibrosis, are considered non-communicable respiratory 
disorders, as opposed to infectious diseases like tuberculosis 
and pneumonia.6 These respiratory diseases are diagnosed very 
differently and are treated with bronchodilator, corticosteroids 
and antibiotics.7

This is especially of concern in lower- and middle-income nations 
like India and China and the nations across several continents, 
such as the Pacific Asia, Latin America and South Africa.8 In spite 
of constant increase in the burden of Respiratory Tract Infections 
(RTI), the treatment options are limited.9 Additionally, as different 
pharmaceuticals have different modes of delivery, additional 
research is necessary to improve the absorption and effectiveness 
of presently prescription medications.10 The cost of medications 
had always been the major barrier to receive effective treatment. 
The incessantly rising expense of the treatments influences the 
compliance of the patients and the prescribing patterns.
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Pharmacoeconomic analysis can be divided into full economic 
analyses that look at the costs and effects of two or more 
interventions, as well as partial analyses that only look at the 
costs or effects of one intervention.11 Cost-Effectiveness Analysis 
(CEA) is a systematic method used in economics and healthcare 
to assess the relative value of different interventions or treatments. 
It is a form of economic evaluation that aims to provide an 
objective framework for decision-making by comparing the costs 
and outcomes of various alternatives.12

In Cost-Effectiveness Analysis (CEA), the Incremental 
Cost-Effectiveness Ratio (ICER) is a crucial metric used to 
compare different interventions by quantifying the additional 
cost required per unit of health gain when comparing one 
intervention against another.13 The widely used measure of 
health gain in health economics is the "Quality-Adjusted Life 
Year" (QALY), which quantifies both the quantity and quality 
of life lived by an individual. It combines the length of life with 
its perceived health-related quality, where 1 QALY represents a 
year of life lived in perfect health or a certain equivalent quality 
of life improvement.14 The "Incremental Net Benefit" (INB) 
serves as an additional measure in cost-effectiveness analysis, 
offering valuable insight into the likelihood that a new treatment 
or intervention is cost-effective across various willingness-to-
pay thresholds. It provides information on the probability of 
cost-effectiveness for different monetary valuations or thresholds, 
aiding decision-makers in understanding the potential economic 
value of adopting a new treatment compared to existing options.15 
Keeping all the above aspects in view, the present study was 
conducted to evaluate and examine the Economic burden of 
respiratory drugs and to perform pharmacoeconomic analysis by 
using Cost Benefit Analysis (CBA) and Cost-Effective Analysis 
(CEA).

MATERIALS AND METHODS

The study was conducted at Vivekananda General Hospital, 
Hubballi. It was a prospective observational study conducted over 
the course of six months, from November 2022 to April 2023. 
The study included all the inpatients with both the gender having 
either acute or chronic respiratory infections. Patients from the 
OPD and pediatrics were excluded.

Ethical Consideration

The Institutional Ethical Committee permission was obtained 
by KLE College of Pharmacy, Hubballi. The study ICE No: 
KLECOPH/IEC/2022-23/08.

Study Procedures

Participants were chosen based on inclusion criteria. The written 
informed consent was obtained after the understanding of study 
protocol and its findings. The following patient’s information was 
gathered like Socio-demographic information (including age, 

sex, kind of employments and income status using the modified 
socioeconomic scale B G Prasad). The pharmacoeconomic 
effects of preventative medications for the respiratory tract 
were recorded and documented using the cost benefit and cost 
effectiveness analysis.

Data Collection

The data was collected on regular visit to medicine units for 
over the period of six months. The list of patients who had 
been admitted to the wards were reviewed each day. All these 
patients' medication information were gathered and recorded 
on the specially designed data collection forms. Patients’ 
socio-demographic information was also included. The medical 
and the medication history, test results, progress chart and 
medications consumed were all obtained and recorded.

A cost benefit analysis is calculated using by the following 
formula

Cost Benefit ratio=Total cost/net benefits.

If C/B ratio is <1 it implies benefits are more than costs.

If C/B ratio is >1 it implies costs are more than benefits.

If C/B ratio is=1 it implies costs is equal to benefits.

Cost effectiveness is calculated by using the formula of 
Incremental Cost- Effectiveness Ratio (ICER).

ICER= Cost A-Cost B/Effect A-Effect

RESULTS

Out of 120 total study participants, male was highest than female 
i.e. 61.66% (74) and 38.34% (46) respectively. Most of the study 
participants belong to the income scale IV i.e. Lower Middle 
40.00% (48). The same is displayed in the Table 1. The patients were 
treated with multiple medications and different combinations. 
Out of which, Nebulizer Asthalin Brand was the most prescribed 
drug i.e. 61 patients. The total drugs used in respiratory tract 
diseases are depicted in Table 2. Cost Benefit Analysis consists 
of 3 ranges which signify whether the Benefits, Costs are more, 
less (or) equal. Out of 120 samples 89 had C/B ratio <1 and for 30 
sample C/B ratio was found out to be >1 and for 1 sample it was 
=1. The same is depicted in the Table 3. Drug wise Cost /Benefit 
distribution among study participants were shown in Table 4. 
The drugs having range >1 which concludes that Cost is more 
than Benefit i.e. the treatment is not Cost Benefited is shown in 
Table 5. The drugs having range <1 which concludes that Benefit 
is more than Cost i.e. the treatment is Cost Benefited is shown in 
Table 6. According to Table 7 we conclude that Bronchodilators 
(0.67), Corticosteroids (0.72), Anti TB Drugs (0.23) have the 
C/B Ratio <1 which concludes that benefit is more than costs 
i.e. these classes of drugs are Cost Benefited. Whereas, Oxygen 
Inhalation (5.65), Anti-Cholinergic drugs (1.14) have the C/B 
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ratio>1 which concludes that Costs are more than Benefits i.e., 
these classes of drugs are not cost benefited. Table 8 represents the 
Cost-Effective Analysis of Bronchodilators: Duolin (Salbutamol 
Sulphate+Ipratropium Bromide) with Asthalin (Salbutamol). 
Table 9 represents the Cost-Effective Analysis of Corticosteroids: 
Hydrocort (Hydrocortisone) with Budecort (Budesonide) and 
Table 10 represents the Cost-Effective Analysis of Anti TB: 
AKT4 (Rifampicin, Pyrazinamide, Isoniazid, Ethambutol) with 
Ethambutol.

DISCUSSION

A 2022 study by Kulkarni N et al. included 120 participants 69 
were male and 51 were female between the ages of 01 and 60 
were enrolled in the study.16 In our study 120 participants were 
included in which (74) 38% of the population was female, while 
62% were men. Young adults made up 19.16%, seniors 50.82% 
and geriatrics 29.99% of the population.

According to the modified B G Prasad scale for 2022, income 
was distributed. Class I was represented by 4.17% of the entire 

Sl. No. Parameters Number Percentage
Gender
1 Male 74 61.66
2 Female 46 38.34
Age Group
1 18-28 23 19.16
2 29-38 20 16.66
3 39-48 10 8.33
4 49-58 31 25.83
5 59-68 24 20
6 69-78 10 8.33
7 79-88 2 1.66
Income scale 2022
1 Upper Class 5 4.17
2 Upper Middle 6 5.00
3 Middle Class 38 31.67
4 Lower Middle 48 40.00
5 Lower Class 23 19.17

Table 1: Gender and Age distribution among the study participants.

Sl. No. Drugs No. of patients Percentage
1 Neb Asthalin 61 50.83
2 Neb Budecort 53 44.17
3 Neb Duolin 12 10.00
4 Inj Deriphylline 32 26.67
5 Inj Hydrocort 11 9.17
6 Tab Prednisolone 02 1.67
7 AKT4 28 23.33
8 Inj Ethambutol 10 8.33
9 Inj Pyrazinamide 02 1.67
10 Inj Rifampicin 07 5.83
11 Syp Mucinac 02 1.67
12 O2 Inhalation 28 23.33
13 Inj Isoniazid 01 0.83
14 Tab Oseltamivir 02 1.67

Table 2:  Drugs used in respiratory Tract Diseases.
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population, Class II by 5.0%, Class III by 31.67%, Class IV by 

40.0% and Class V by 19.17%. Families were split into two types: 

nuclear and joint.17

The respiratory medication Neb Asthalin was frequently used. 

The pharmacological classes that were prescribed the most 

frequently in our study were bronchodilators, corticosteroids 

and Anti-Tubercular Therapy (ATT). The most often given 
medications were Neb Budecort and Neb Asthalin.

In our study the cost benefit ratio of 120 samples was determined, 
out of them 30 samples had shown cost benefit ratio less than 1, 
indicating that the cost outweighed the benefits. The C/B ratio 
was greater than1 for 89 samples, meaning that the benefits 
incurred were greater than the costs and it was equal (=) 1 for 
01 sample, meaning that benefits were equal to costs. When the 
cost-benefit ratio is more than 1, advantages outweigh costs. This 
indicates that they have net advantages.18

A 2019 study by Ivanova ZI et al. found that the annual cost of 
asthma varies from $1,000 to $7,500 per patient in the United 
States; depending on the severity of the condition.19 We also 
compared the cost-effectiveness of two treatments using the 
ICER method. ICER stands for a conclusion or outcome of an 
economic assessment. The ICER provides a concise indicator 
of the economic benefit of an intervention in comparison to 
a control. It gives a comparison between the most expensive 
therapy and an alternative in terms of the extra cost per unit 
health effect.20

According to a 2020 study by Adhaulia G et al., the 
Average Cost-Effectiveness Ratio (ACER) and Incremental 
Cost-Effectiveness Ratio (ICER) were used to determine the 
monthly cost of treatment/prescription and the improvement 
in FEV1. The study found that among the single prescription 
group, steroids and anticholinergics had the highest and lowest 
percentage cost variances, respectively.21

The conclusion of the study is based on the threshold of 
cost-effectiveness, which refers to figuring out how much one is 
willing to pay to achieve an objective. The cost of a given treatment 
will be excessive if the ICER is above the threshold; however, if it 
is below the threshold, then the treatment may be cost-effective. 
Comparisons were made between the outcomes of samples 
that provided bronchodilators and samples that prescribed 
corticosteroids. The ratio was expressed in terms of QALYs 

Sl. No. Drugs Range
1 Acetylcysteine 1.32
2 Oxygen Inhalation 5.65
3 Asthalin+Budecort 1.80

Table 6:  The C/B ratio of drugs having range >1.

Sl. No. Drug Class Average C/B
1 AKT4 0.23
2 Anti-cholinergic Drugs 1.14
3 Bronchodilators 0.67
4 Corticosteriods 0.720
5 Oxygen Inhalation 5.65

Table 7:  Class wise representation of average C/B.

Sl. No. Drugs Range 
1 AKT4 0.56 
2 Budecort 0.23 
3 Duolin 0.06 
4 Ethambutol 0.53 
5 Hydrocort 0.95 
6 Isoniazid 0.00 
7 Oseltamivir 0.51 
8 Prednisolone 0.01 
9 Pyrazinamide 0.01 
10 Rifampicin 0.02 
11 Salbutamol 0.09 
12 Theophylline 0.12 

Table 5:  The C/B ratio of drugs having range <1.

Sl. No. Respiratory Drugs Average C/B
1 Acetylcysteine 1.32
2 AKT4 0.56
3 Budesonide 0.23
4 Ethambutol 0.53
5 Hydrocortisone 0.95
6 Ipratropium bromide 0.06
7 Isoniazid 0.00
8 Oseltamivir 1.51
9 Oxygen Inhalation 0.65
10 Prednisonlone 0.01
11 Pyrazinamide 0.01
12 Rifampicin 0.02
13 Salbutamol 1.50
14 Salbutamol+Budecortisone 1.80
15 Theophylline 0.12

Table 4:  Drug wise Cost /Benefit distribution among study participants.

Sl. No. Criteria Total Sample
1 >1 89
2 <1 30
3 =1 1

Table 3:  Cost Benefit Analysis.
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(Quality Adjusted Life Years). The quantitative non-monetary 
health units were used to calculate QALY.22

We have categorized the willingness to pay in this section based on 
current state of the income scale for 2022.23 The 120 participants 
average BGP I threshold was 333.3 INR and it was 266.6 INR 
for BGP Class II,133.3 INR for Class III, 83.3 INR for Class IV 
and 40 INR for BGP V. The average cost of bronchodilators (Neb 
Duolin is 65.29 and Neb Asthalin is 35.1) was found to be 51.69 
INR, which means an additional 51.69 Indian rupees should be 
spent on Duolin over Asthalin to get cost-effective treatment 
without disease for one whole year. While the average cost of 
corticosteroids (InjHydrocort 144.8836364 and Neb Budecort 
124.4766) was found to be 110.557738 INR which means 
an additional 110.557738 Indian rupees should be spent on 
Hydrocort over Asthalin to get cost-effective treatment without 
disease for one whole year. In comparison to corticosteroids, 
which received an average rating of 3.40 out of 5, bronchodilators 
received a 3.37 out of 5 rating. The ICER of therapy costs 
(bronchodilators and corticosteroids) split by treatment results 
was 162.24 INR/QALY. The finding indicates that, depending 
on their respective threshold costs, classes I through IV of the 
BGP income scale for 2022 have inexpensive therapies, whereas 
classes V have expensive therapies. Class V (threshold of 40 INR) 
of the BGP scale is implied since it will be viewed as being overly 
expensive for the provided treatment cost/QALY (162.24 INR).24

CONCLUSION

The common medications prescribed in our study include 
bronchodilators (Asthalin, Deriphylline, Duolin), corticosteroids 
(Hydrocort, Budecort, Prednisolone) and anti-tuberculosis 

medications (Ethambutal, Isoniazid, Pyrazinamide and 
Rifampicin). Asthalin has a lower pharmacoeconomic burden 
than other medications in its class. Asthalin was the most 
prescribed drug in our study.

In 120 samples, the CBA revealed a cost-benefit ratio; 89 samples 
had a C/B ratio greater than 1, indicates that the benefits outweigh 
the expenses. Similarly, for 30 samples C/B ratio was less than 
1, indicating that the costs were greater than benefits and for 1 
sample C/B ratio was equal to 1, indicating that the benefits and 
costs were equal.

We used ICER to evaluate CEA. The CEA of bronchodilators, 
corticosteroids and anti-tuberculosis drugs. The results showed 
that Asthalin (bronchodilators), Budecort (corticosteroids)and 
AKT-4 (anti-tuberculosis drugs) are more cost-effective than 
Duolin (bronchodilators), Hydrocort (corticosteroids) and 
Ethambutol. The results showed that people in income classes I 
through IV can access affordable therapies, while those in class 
V face expensive treatment options. The threshold cost for class 
V indicates that the treatments were considered overly expensive 
compared to the benefits they achieve.
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CEA of
Bronchodilators

Cost of Duolin Cost of Asthalin Effect of 
Duolin

Effect of 
Asthalin

ICER

Total 783.56 2141.19 41 203 51.69Rs/QALY
Average 65.29 35.1 3.41 3.32

Table 8:  Cost Effective Analysis of Bronchodilators.

CEA of Anti TB Cost of
Ethambutol

Cost of AKT4 Effect of 
Ethambutol

Effect of AKT4 ICER

Total 1901.38 3834 27 90 193.89Rs/QALY
Average 237.6725 136.9286 3.375 3.214286

Table 10:  Cost Effective Analysis of Anti TB.

CEA of Corticosteroids: Cost of Hydrocort Cost of 
Budecort

Effect of 
Hydrocort

Effect of 
Budecort

ICER

Total 1593.72 6597.26 43.5 151 110.55Rs/QALY
Average 144.8836364 124.4766 3.954545455 2.849057

Table 9:  Cost Effective Analysis of Corticosteroids.
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INFORMED CONSENT

The written informed consent was obtained from the study 
participants prior enrolling into the study.

ABBREVIATIONS

CBA: Cost Benefit Analysis; CEA: Cost Effective Analysis; 
QALY: Quality Adjusted Life Years; ICER: Incremental Cost 
Effectiveness Ratio INB: Incremental Net Benefit; DALY: 
Disability Adjusted Life Years; COPD: Chronic Obstructive 
Pulmonary Disorder; RTI: Respiratory Tract Infections; ATT: 
Anti Tubercular Therapy; INR: Indian Rupee.
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