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ABSTRACT 

Objective: The point of this observational study was to look at how inpatients at our tertiary care facility used medications. The goal was to find 
ways to improve prescription practices for people with drug-resistant tuberculosis.  

Methods: The respiratory ward medical record department serves as the retrospective source of data. We enrolled a total of 301 patients with 
drug-resistant tuberculosis. We assess drug utilization data using the World Health Organization Anatomical Therapeutic Chemical/Defined Daily 
Dose approach. We analyzed prescriptions using World Health Organization core drug indicators.  

Results: Adherence to international standards was demonstrated by the prescription of most antibiotics at dosages consistent with the 
recommended daily dose. Antibiotic polypharmacy (100%) was common with Nonsteroidal Anti-Inflammatory Drugs (NSAIDs) (64.1%), proton 
pump inhibitors (61.5%), vitamins and minerals (77.7%), and generic names (92%) that were frequently provided with oral medications (77%). 
The National List of Essential Medicines 2022 contained information on approximately 95% of all prescribed drugs. 

Conclusion: Drug costs were significantly impacted by the fact that antibiotics were the most often-given drugs, accompanied by vitamins and 
minerals, NSAIDs, and proton pump inhibitors. Limiting the use of more costly, recent antibiotics, branded medications, and the number of 
medications given can drastically lower the cost of drug therapy. 
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INTRODUCTION 

"The marketing, distribution, prescription, and use of drugs in a society, 
with special emphasis on the resulting medical, social, and economic 
consequences," is how the World Health Organization described drug 
use in 1977 [1]. Despite the declining TB epidemic, India continues to 
have the highest TB burden in the world in terms of the sheer number of 
incidences. Healthcare failure has led to the resurgence of tuberculosis 
and the development of antibiotic resistance. To prolong the usefulness 
of effective antibiotics and slow the establishment of resistance, the 
prudent use of antibiotics in healthcare is crucial [2]. Since antibiotics are 
a valuable resource, pharmaceutical corporations, healthcare executives, 
and healthcare professionals must work together to maintain their 
usefulness. Rapid infection and outbreak detection and control, as well as 
regional initiatives to limit transmission within community and 
healthcare settings, are also necessary for resistance prevention. Misuse 
and overuse of antibiotics in healthcare continue to hasten the 
development of bacterial drug resistance, leading to loss of efficacy of 
existing antibiotics [3]. To reduce the likelihood of medication abuse, 
minimize antibiotic resistance, and give a general overview of drug use, a 
drug utilization study is proposed for drug-resistant tuberculosis. 

The World Health Organization Anatomical Therapeutic Chemical/ 
Defined Daily Dose method is the standard for drug use [4]. The 
assumed average maintenance adult dose per day for each drug and 
route of administration is known as the defined daily dose, 
according to the World Health Organization Collaborating Centre for 
Drug Statistics and Methodology.  

Because of this, the Defined Daily Dose is a universal unit that can be 
used for regional or global comparisons. Defined Daily Dose, on the 
other hand, does not always represent the recommended or 
prescribed daily dose. Indeed, several studies have demonstrated 
differences between Defined Daily Dose and Prescribed Daily Dose 
for different drug groups [5-8]. 

Numerous research have examined drug use patterns in different 
Indian healthcare sectors [9–19]. Finding out about drug use among 
hospital patients in respiratory ward was the aim of this study. In 
particular, they compared the average Prescribed Daily Dose to the 
World Health Organization Defined Daily Dose and examined 
prescriptions for the World Health Organization core parameters. 
The study's conclusions would provide the basis for identifying 
possible areas to improve the hospital's prescription practices and 
medication dispensing guidelines. 

MATERIALS AND METHODS 

The Medical Record Department (MRD) of a tertiary care hospital in 
Gujarat served as the site of this retrospective inpatient drug 
utilization investigation. The study was started after prior 
permission from the Institutional Human Research Ethical 
Committee (HREC) and the approval number is 
GMCS/STU/ETHICS/Approval/6603/21.  

We gathered information by reviewing inpatient case files kept in 
the hospital's medical records division. We selected 301 case reports 
of individuals with drug-resistant TB from December 2018 to 
December 2021. The government drugstore provided the 
medications, while the treating physicians wrote the prescriptions. 
The national tuberculosis elimination program provided free drug 
comes to central drug store, from where patients procured all anti-
tubercular medications. We carried out the data extraction and 
collection procedure. Utilizing a template that inquired about the 
patient's age, gender, diagnosis, length of hospital stay, and 
prescription information, including the name, strength, dosage form, 
frequency of administration, and quantity of units administered, it 
also inquired as to whether the medications were prescribed under 
a generic name. Additionally, we examined the World Health 
Organization core drug prescribing indicators. The average number 
of prescription drugs, the percentage of generic drugs, the 
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percentage of prescriptions with antibiotics, the percentage of 
prescriptions with injections, the percentage of prescription drugs 
from an essential medication list, and the average cost of 
prescription drugs were some of the things that were looked at [1]. 

We coded all medications using the World Health Organization 
anatomical code as a guide. For all medications, we employed the 
Anatomical and Therapeutic Chemical Classification categorization 
scheme. To determine how many medications were prescribed from 
the essential list, we examined India's National List of Essential 
Medicines 2022 [20]. From prescription data for groups of 
commonly prescribed drugs based on the 2024 version of the 
Anatomical Therapeutic Chemical/Defined Daily Dose index, the 
number of drugs used was turned into the number of Defined Daily 
Dose. We determined Defined Daily Dose using the World Health 
Organization Defined Daily Dose measure and the quantity of 
medications issued for each item. We determined the number of 
Defined Daily Dose per 100 bed days. 

To calculate the predicted Prescribed Daily Dose in grams for 
antibiotics, multiply the Defined Daily Dose by the number of 
treatment days and divide it by the number of Defined Daily Doses. 

Statistical analysis 

We present the data as mean, SD, and median (IQR), along with 
numbers and percentages. We entered all the data into a Microsoft 
Excel 2016 database and used jamovi version 2.3.18 software for 
statistical analysis. We evaluated no statistical hypothesis. 

Inclusion criteria 

Confirmed cases of drug-resistant tuberculosis have been admitted 
to the respiratory medicine department of a tertiary care hospital, 
involving patients aged 18 to 85 years, regardless of gender. 

Exclusion criteria 

The case paper does not provide sufficient details, nor does it 
address drug-resistant tuberculosis in individuals who are also co-
infected with HIV. 

RESULTS 

During the study period, we reviewed a total of 301 case records. 
The patients included were admitted mainly due to drug resistance 
(treatment, adverse effect, and complication). 63.12% of the 
inpatients were male, while 36.88% were female. The average age of 
the patients was 36.2 years, with a standard deviation of 12.6. 
Hospital stays ranged from 1 to 23 d, with a median of 9 d. 

Table 1 displays the various drug classes used in inpatients. All drugs 
administered to inpatients were antitubercular drugs. Following them 

were Nonsteroidal Anti-Inflammatory Drugs (NSAIDs) (64.1%), proton 
pump inhibitors (61.5%), and vitamins and minerals (77.7%).  

 

Table 1: Various classes of drugs are utilized in inpatient settings 

Drug class Number of prescription 
Anti-tubercular drugs 301 (100 %) 
Proton pump inhibitors 185 (61.5 %) 
H2 blockers 116 (38.5 %) 
Antiemetics 128 (42.5 %) 
NSAIDs 193 (64.1%) 
Corticosteroids 36 (12 %) 
Antihypertensive drugs 72 (24 %) 
Anti-diabetic drugs 116 (38.5 %) 
Vitamins and Minerals 234 (77.7 %) 

 

People who were receiving Rifampicin-Resistant Tuberculosis (RR TB) 
treatment or Extreme Drug-Resistant (XDR) TB treatment were 
primarily the ones who came in with problems related to RR TB drug 
treatment. We noted complications such as pulmonary effusion, 
emphysema, bronchiectasis, pneumonia, lung abscess, pericarditis, 
liver or kidney failure, and psychosis. Common adverse reactions 
included vomiting, fever, tingling, numbness, jaundice, abdominal pain, 
and blurred vision. Following the assessment of the Q-T interval, liver 
function tests, renal function tests, X-ray imaging, and baseline optic 
and neurological examinations, we initiated TB treatments. 

The drug prescriptions were analyzed for World Health 
Organization prescribing indicators and findings as per World 
Health Organization prescribing drug use was:  

The average number of medicines prescribed per prescription was 
11.52+2.34. 

The percentage of medicines prescribed by a generic name was 92.42%. 

The proportion of prescriptions that contain an antibiotic was 100%. 

The percentage of prescriptions that included an injection was 22.69%. 

The percentage of medicines prescribed by NLEM in 2022 was 95.33%. 

Average drug cost per prescription was 675 INR. 

A total of 3,469 medications were prescribed throughout 301 
prescriptions, with 1,835 (52.9%) being antitubercular agents. 
Levofloxacin was the antitubercular drug that was taken in the most 
Defined Daily Doses. It was followed by ethionamide, clofazimine, and 
pyrazinamide. In contrast, levofloxacin had the most Defined Daily Doses 
per 100 bed days, followed by bedaquiline, delamanid, and moxifloxacin. 

 

 

Fig. 1: Displays the number of inpatients with the specified diagnosis 
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Fig. 2: Illustrates the number of injectables utilized in inpatient settings, Twenty-three percent of prescriptions included injectables, with 
antitubercular drugs being the most common. Proton pump inhibitors (5.7%), H2 blockers (3.1%), antiemetics (1.2%), and insulin 

(0.9%) were among the frequently utilized injectables 

 

 

Fig. 3: Illustrates the percentage cost associated with different groups of drugs, Antitubercular drugs accounted for the majority of the 
total cost of prescribed medications, representing 83.8% of the expenditure. Recent anti-tubercular drugs like bedaquiline, delamanid, 

and linezolid incurred the primary expenses 

 

 

Fig. 4: Illustrates the drug prescription pattern, approximately 92.42% of prescriptions are issued using their generic names. Prescribed 
branded medications included anti-tubercular agents, vitamins and minerals, anti-inflammatory agents, proton pump inhibitors, and 

anti-diabetic medications 
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Table 2: Analysis of estimated prescribed daily doses versus defined daily doses for various anti-tubercular medications 

Drug name Anatomical 
therapeutic 
chemical code 

 Defined daily 
dose (g) 

Bed days Defined daily 
dose per 100 
bed days 

World health 
organisation defined 
daily dose (g) 

Prescribed 
daily dose 
(g) 

Levofloxacin (oral) J01MA12 769.5 207 372 0.5 1.86 
Levofloxacin (intravenous) J01MA12 145.5 114 128 0.5 0.64 
Moxifloxacin (oral) J01MA14 194 93 209 0.4 0.84 
Bedaquiline (oral) J04AK05 263.72 101 261 0.86 2.24 
Linezolid (intavenous) J01XX08 188.5 192 98 1.2 1.18 
Clofazimine (oral) J04BA01 413 337 123 0.1 0.12 
Cycloserine (oral) J04AB01 183.48 218 84 0.75 0.63 
Terizidone (oral) J04AK03 124.66 115 108 0.75 0.81 
Ethambutol(oral) J04AK02 227.33 158 144 1.2 1.73 
Ethambutol (intravenous) J04AK02 60.66 41 148 1.2 1.78 
Delamanid (oral) J04AK06 214 100 214 0.2 0.43 
Pyrazinamide (oral) J04AK01 409.33 421 97 1.5 1.46 
Imipenem – Cilastatin 
(intravenous) 

J01DH51 105.5 111 95 2.0 1.9 

Meropenem (intravenous) J01DH02 55 73 75 3.0 2.25 
Amikacin (intravenous) J01GB06 28.7 29 99 1.0 0.99 
Streptomycin 
(intramuscular) 

J01GA01 17.5 25 70 1.0 0.70 

Ethionamide (oral) J04AD03 538.66 439 123 0.75 0.92 
Prothionamide (oral) J04AD01 201.33 207 97 0.75 0.73 
Para amino salicylic acid 
(PAS) (oral) 

J04AA01 54 83 65 12 7.8 

 

DISCUSSION  

Our study records the utilization pattern of tertiary care inpatients 
in India. In a study carried out at a tertiary care hospital's emergency 
department and other wards, antibiotics came into existence as the 
most regularly administered class of medications [19]. A study on 
the changing paradigm for treating drug-resistant tuberculosis 
found that fluoroquinolones were the most common daily doses. 
Following these were newer antitubercular medications like 
bedaquiline and delamanid [3]. The most often given medications 
for drug-resistant tuberculosis were injectable aminoglycosides and 
fluoroquinolones. Its wider assortment of action, shifting resistance 
patterns, and prescription practices might have contributed to this.  

The average Prescribed Daily Dose was higher than Defined Daily 
Dosefor fluoroquinolones, bedaquiline, and delamanid, but lower 
than Defined Daily Dose for other anti-tubercular medications. This 
could be because the safety profiles of these two categories differ. A 
few other studies found big differences between Prescribed Daily 
Dose and Defined Daily dose for most antibiotics. This study, on the 
other hand, found that Prescribed Daily Dose and Defined Daily Dose 
were generally the same for most antibiotics, which is in line with 
what the whole world recommends [8, 21]. 

Like a study where antibiotics accounted for almost 50% of drug 
cost spending, anti-tubercular drugs had the highest percentage 
expenditures (83.8%) of all drug classes [18, 19]. Drugs like 
linezolid, delamanid, and bedaquiline were mostly responsible for 
these exorbitant expenses. Another factor contributing to the rise of 
germ resistance is the inappropriate use of antibiotics [22]. To 
decrease the quantity of needless and frequent prescriptions for 
antibiotics, especially the more current and costly ones, this 
situation calls for modifications to the hospital's antibiotic policy. 
Designing a program to limit the use of antibiotics might be a major 
first step in implementing this strategy. The hospital must compile a 
list of prohibited antibiotics in compliance with this policy, taking 
into account current resistance trends and expenses. Before any 
antibiotics are initiated or distributed, a member of the infectious 
diseases team, a multidisciplinary team of doctors and pharmacists, 
must give their prior consent. This tactic may be invaluable to 
combat rising healthcare costs and the emergence of resistance to 
novel, vulnerable agents. Past studies have demonstrated the 
effectiveness of this program in reducing antibiotic use [23]. Another 
tried-and-true method for enhancing prescribing practices is to 
make practice guidelines accessible to doctors during clinical 
decision-making [24]. Furthermore, the use of preventive antibiotics 

needs to be limited. Antiemetics, proton pump inhibitors, H2-
blocking medications, vitamins, and minerals remained across the 
other regularly prescribed medications. We need to conduct a more 
comprehensive investigation to confirm the medical 
recommendation for using these supplements.  

Even though generic prescribing has many benefits, such as lower 
drug costs, better patient adherence, and therapeutic effects like 
brand-name drugs, it is not commonly used in India [25, 26]. In our 
survey, generic names accounted for almost 92% of prescriptions. 
About 23 percent of prescriptions were for injectable drugs, 
primarily antibiotics. Given that the trial took place in an inpatient 
setting with mostly critically sick patients, the large proportion of 
injectables was understandable. Injectable drugs are associated with 
administration issues and dosage mistakes [27]. Therefore, it is 
essential transition to alternative administration methods as quickly 
as feasible. Approximately 95% of prescriptions were for the Indian 
National List of Essential Medicines, 2022, which is based on the 
World Health Organization Essential Drugs List [28]. It is necessary 
to examine the idea of essential medicines and their accessibility to 
different societal groups.  

On average, there were 11.5 medications in prescriptions. Prior 
studies [29, 30] have demonstrated a comparable pattern. The 
drawbacks of polypharmacy include high medical expenses, poor 
patient adherence, a greater frequency of adverse events [31, 32], 
and drug-drug interactions [17, 19]. Consequently, determining 
predictors of polypharmacy and adjusting prescribing procedures are 
always required. The median cost per prescription in the respiratory 
ward of the tertiary care hospital ranges from 349 INR to 3388 INR, 
whereas the average cost of a prescription for drug-resistant 
tuberculosis was 675 INR. In a nation like India, where the 
government provides for most the population's medical needs, this 
puts a significant financial strain on the government. Therefore, we 
must modify the prescription patterns, focusing on providing generic 
medications, restricting the use of injectables, and reducing 
polypharmacy. We also need to make a few changes to the hospital's 
antibiotic policy. Furthermore, creating a system that enables patients 
to obtain prescription drugs at a reduced cost may be a beneficial first 
step in reducing the overall burden of medical expenses. 

CONCLUSION 

Drug costs were significantly impacted by the fact that antibiotics 
were the most often-given drugs, accompanied by vitamins and 
minerals, NSAIDs, and proton pump inhibitors. Limiting the use of 
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more costly, recent antibiotics, branded medications, and the 
number of medications given can drastically lower the cost of drug 
therapy. We worked diligently to provide the tuberculosis 
elimination program with the expertise and experience it needed to 
make decisions and use its resources in an efficient manner to 
achieve cost-effective healthcare in response to the demands of 
policymakers who sought quantitative analysis and improved TB 
control policy and implementation. 

LIMITATIONS OF STUDY 

Multicentric studies would provide a more comprehensive 
understanding of the prevalence and treatment outcomes of drug-
resistant tuberculosis across different regions in India. This would 
allow for more targeted interventions and strategies to combat this 
public health issue effectively. 
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