
INTRODUCTION 
In the present scenario, drug-related problems are more 
prominent in overall treatment. When drug-related problems 
are not observed or eliminated at the right time, it affects 
the patient’s quality of life and causes an economic burden. 
Mainly, the problems arise when there is polypharmacy, lack 
of knowledge of health practitioners, negligence of hospital 
staff, and lack of clinical pharmacists. All these significant 
concerns lead to morbidity and mortality.1 In today’s hair 
care system, drug-related problems have become a primary 
concern and a great challenge to improve the quality of 
treatment.2 In the research literature, many drug categorization 
systems are available, and most of those systems focus on the 
problems associated with the patient drug-related problems. 
The most frequently occurring adverse drug reaction (ADR) 
are non–adherence to the prescribed therapy, sub-therapeutic 
dose, overdosage of the drug, and therapeutic duplication.3 
Evaluation of drug-related problems and their risk factors are 
essential for eliminating drug-related problems and, primarily, 
the economic burden on patients. The study mainly focuses on 
the benefits of pharmaceutical care plans in reducing adverse 
effects, highly possible drug-related problems, and drug 
interaction complications. High-risk patients such as geriatrics, 

patients with co-morbidities, and polypharmacy are needed 
with special monitoring on drug-related problems. 

MATERIALS AND METHODS 
The study type is a retrospective observational study 
performed in the South Indian population. During the study 
period, the patients’ data helps determine the occurrence of 
drug-related problems. Mainly the patients or their caretakers 
who can communicate adequately are included in the study.4 
Ambulatory patients, patients using herbal medicines, and 
substance abuse patients are excluded.
Plasma Warfarin Determination

Collection and preparation of samples
The blood from veins (5 mL) is withdrawn from the patient 
and placed in the sodium ethylene diamine tetra acetic acid 
tubes. The plasma separation from the sample is done by 
centrifugation technique (3000 rpm) for 10 minutes and stored 
at 70°C.
Standard preparation 
Warfarin standard solution, 7-hydroxy warfarin, and internal 
standard of carbamazepine are prepared at a concentration 
(1-µg/mL) in methanol. Then, warfarin and 7-hydroxywarfarin 
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standard solution in human plasma is analyzed at specific 
concentrations. All the samples are stored well in standard 
conditions. The standard curves for solutions were calibrated 
before analysis. The six standard analyte solutions were 
arranged by diluting MilliQ water for 100% control.
Procedure for extraction
Solid-phase extraction is done to bring out the drug mainly 
from the collected plasma samples. For the 1-mL standard 
solution, carbamazepine (10 µL of 1-mg/mL) is added. The 
C18 cartridges are utilized for the process of extraction. One 
percent methanol (2 mL) is adjusted with ortho-phosphoric 
acid at a pH of 2.8 to condition cartridges. The plasma samples 
were introduced into the columns, which were retained with 
7-hydroxywarfarin and warfarin, and then it was eluted with 
acetonitrile (2 mL). In the next step, the organic phase is 
introduced into glass tubes and evaporated to dryness under the 
influence of nitrogen gas at 60ºC in the water bath. The sample 
solutions were remade with MilliQ water (200 mL), with 50 µL 
of the solution was administered into HPLC columns. 
Chromatography technique
The mobile phase consists of (60:40) potassium phosphate 
buffer (dipotassium hydrogen phosphate) and isopropanol. 
The pH was adjusted to 7.0 with potassium phosphate buffer. 
The HPLC constituted of the Shimadzu SPD-10A UV/VIS 
detector, the Shimadzu LC-10AD solvent delivery module, and 
a 100 µl injection loop. The flow rate is adjusted to 1-mL/min, 
the analyte is identified at 308 nm, the absorbance is set at 
0.005 Aufs, and the separation is done on the C18 column. 
The retention time of 7-hydroxywarfarin, warfarin, and 
carbamazepine was 2.9, 3.6, and 5.9 minutes, respectively. 
The chromatographs obtained are examined using CLASS-VP 
version 6.14 SP2 software. The reproducibility method, 
accuracy, and precision were determined by quality control 
samples containing warfarin and 7-hydroxywarfarin at the 
concentration range from 0.1 to 5.0 mg/mL. Six replicates 
observe the assay accuracy and precision at 2.5 and 5 mg/
mL. The precision and accuracy were identified over 15 
days utilizing similar concentration ranges. The analysis of 
the standard solution is done on the same day as the sample 
analysis to calculate the concentrations of 7-hydroxywarfarin 
and warfarin standard solution. The established detection limit 
is done by serial extractions of plasma samples containing a 
reduced concentration of 7-hydroxywarfarin and warfarin 
standard solution

RESULTS AND DISCUSSION
A total of 452 cases with prior medical histories were examined 
for the study. The patient history is taken by using medical 
charts and enquiring patients or care takers. 148 cases were 
allocated for the study, while 304 instances were excluded 
based on the exclusion criteria. 159 drug-related issues were 
found in the patients who were enrolled. The various metrics 
are assessed in relation to drug-related issues. Patients with 
prior medical histories are more likely to experience drug-
related issues than the general population. The patients with 

various past medical histories who are more likely to prone 
drug related problems are listed in Table 1.
Distribution Based on Past Medical History
Table 1 represents 225 risk factors responsible for 159 drug-
related problems as assessed. Among patients with past medical 
history, 148 cases have a higher prevalence of drug-related 
problems. CVS diseases are 35 (23.65%), CNS diseases are 31 
(20.94%), skin diseases are 20 (13.51%), metabolic diseases are 
17 (11.50%), renal diseases are 12 (8.11%), immune diseases 
are 10 (6.76%), GI disease is 06 (4.05%), respiratory disease 
is 03 (2.03%), and others are 14 (9.45%).
Risk Factors 
Among 159 drug-related problems are illiteracy 89 (39.73%), 
inappropriate use of medication 35 (15.65%), hypersensitivity 
33 (14.73%), self-medication 22 (9.82%), age 17 (7.59%), narrow 
therapeutic index drugs 12 (5.35%), parasitic and Infectious 
diseases 8 (3.57%), social habits 6 (2.67%), economic status  
2 (0.89%). The following table distributed 225 risk factors 
contributing to each identified drug-related problem in 148 
patients (Table 2).
Risk Factors and Drug-Related Problems Distribution 
Illiteracy 71 (31.70%) was predominant for non-adherence, and 
hypersensitivity 33 (14.73%) was found to be predominant for 
Adverse drug reactions. Among overuse of drugs, therapeutic 

Table 1: Distribution according to past medical history

Sl. No Past medical history Frequency Percentage (%)

1 Cardiovascular disease 35 23.65
2 Central Nervous disease 31 20.94

3 Skin disorders 20 13.51
4 Metabolic disease 17 11.50
5 Renal disease 12 8.11
6 Immune disease 10 6.76
7 GI disease 06 4.05
8 Respiratory disease 03 2.03

9 Others 14 9.45
Total 148 100

Table 2: Distribution according to risk factor frequency and percentage

Sl. 
No Risk factors Frequency Percentage 

(%)
1 Illiteracy 89 39.73
2 Inappropriate use of medication 35 15.65

3 Hypersensitivity 33 14.73
4 Self-medication 22 9.82
5 Age 17 7.59
6 Narrow therapeutic index drugs 12 5.35

7 Parasitic and Infectious diseases 8 3.57
8 Social habits 6 2.67
9 Economic status 2 0.89

Total 225 100
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duplication, and wrong administration above mentioned risk 
factors have approximately the same impact on developing 
respective drug problems (Table 3). 
Assessment of Significant Risk Factors in Adverse Drug 
Reaction
Hypersensitivity shows an 11.57 times higher risk for adverse 
drug reactions than other risk factors. A narrow therapeutic 
index, self-medication, age, and infectious diseases in the 
order of relative risk follow hypersensitivity. Inappropriate 
medication use and lack of knowledge need 175 and 1000 
more cases of drug-related problems to attain significant 
relative risk. Among 142 patients, four severe adverse events 
were observed.6 The events are due to the narrow therapeutic 
drug warfarin. Moreover, two patients have gastrointestinal 
bleeding, one with tissue necrosis and one with a rash.7 

Table 5: Assessment of significant risk factors in adverse drug reaction

Adverse drug reaction
Yes No

RR CI
61 87

Hypersensitivity Yes 29 4 11.57 4.29 to3.19
No 28 87

Self-medication Yes 17 5 4.84 1.89 to 12.43
No 44 82

Narrow therapeutic 
indexw

Yes 10 2 7.13 1.61 to 31.40
No 51 5

Inappropriate 
medication use

Yes 10 25 0.57 0.29 to 1.09
No 51 62

Age Yes 11 6 2.61 1.02 to 6.68
No 50 81

Infectious diseases Yes 6 2 1.27 0.89 to 20.49
No 55 85

Lack of knowledge Yes 6 83 0.10 0.04 to 0.22
No 55 4

Table 3: Drug-related problems and risk factors 

Sl.
No

DRP Risk factor Frequency Percentage

1 Non-adherence Lack of knowledge 71 31.70
Inappropriate 
medication use

18 8.04

Age 7 3.12
Social habits 6 2.67
Economic status 2 0.89
Infectious diseases 2 0.89

2 Adverse drug 
reaction

Hypersensitivity 
and pharmacology

33 14.73

Self –medication 17 7.58
Narrow therapeutic 
index

10 4.50

Inappropriate 
medication use

10 4.50

Age 6 2.67
Infectious diseases 6 2.67
Lack of knowledge 6 2.67

3 Overuse of the 
drug

Inappropriate 
medication use

8 3.57

Self –medication 6 2.67
Lack of knowledge 6 2.67
Age 1 0.45

4 Therapeutic 
duplication

Lack of knowledge 3 1.33

Narrow therapeutic 
index

2 0.89

Inappropriate 
medication use

1 0.45

5 Wrong 
administration

Lack of knowledge 2 0.89

Inappropriate 
medication use

1 0.45

Total 225 100

Table 4: Assessment of significant risk factors in non-adherence

Non-adherence

Yes No
RR

CI
81 67

Lack of knowledge
Yes 71 18

3.26
2.17 to 4.85

No 10 49

Inappropriate medication 
use

Yes 18 17
0.87

0.49 to 1.56

No 63 50

Age
Yes 7 10

0.57
0.23 to 1.43

No 74 57

Infectious diseases
Yes 2 6

0.27
0.05 to 1.32

No 79 61

Figure 1: Estimation of plasma levels of warfarin in adverse events 
Patients
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Warfarin concentration levels were estimated in four patients 
and two patients (no adverse events) (Tables 4 and 5). 
Estimation of Plasma Levels
Two patients had gastrointestinal bleeding and adverse events. 
Among them, plasma concentrations of warfarin were found 
to be 6 and 5.8 µg/mL. In non-adverse events patients (two), 
warfarin plasma concentrations were 3 and 2.8 µg/mL in 
gastrointestinal bleeding patients, almost double plasma 
concentrations of regular patients.

In tissue necrosis patients, the plasma concentrations of 
warfarin were 5 µg/mL in non-adverse events patients, (two) 
plasma concentrations of warfarin were found to be 3 and 2.8 
µg/mL. In tissue necrosis, patient plasma concentrations of 
warfarin are 1.72 times more than in regular patients.

In rash patients, the plasma concentrations of warfarin 
were 5.2 µg/mL, and in non-adverse events patients, (two) 
plasma concentrations of warfarin were 3 and 2.8 µg/mL. In 
rash conditions, patient plasma concentrations of warfarin were 
1.79 times more than regular patients.

 Overall, among four patients have adverse events, four 
patients’ plasma concentrations of warfarin were found to 
be 5, 5.2, 5.8, and 6 μg/mL, mean ± Sd 5.5 ± 0.17 µg/mL, in 
non-adverse event patients plasma concentrations of warfarin 
were found to be 3, and 2.8 µg/mL, mean ± Sd was 2.9 ± 0.01 
µg/mL, p-value is 0.001. Warfarin levels were very high in 
gastrointestinal bleeding patients compared to non-adverse 
events. Patient details are shown in Figures 1 and 2. Warfarin 
plasma concentration levels were also increased in tissue 
necrosis and rash patients.

DISCUSSION
The 452 cases with past medical history were included in 
the study and observed. The number of cases is 148 allotted 
in the study, and the cases excluded are 304, depending on 
exclusion criteria. In the cases excluded, 110 patients have 
nil inter-relationship between current reasons for admission 
and past medical history, The identified results are that DRP 
is more common with age of 1–10 years, and males have an 
increased risk of drug-related problems than females due to 
social habits, as Kumar BPS (2013). The non-adherence is 
(50.94%), and ADR is (38.36%) in the identified drug-related 
problems, as same stated by, which showed ADR (39.3%) and 
a higher incidence of non-compliance (44.3%). To avoid the 

risk of ADR, patients should be alert and have knowledge of 
the therapy they are receiving and should inform the suspected 
ADRs as soon as possible. The management of ADR will be 
easier for a physician, as reported. The study also stated that 
geriatrics and children have an increased risk of non-adherence 
to the medications, leading to different complications.8 ADRs 
have more incidences in adults. It also observed that risk 
factors like lack of knowledge, inappropriate medication 
use, hypersensitivity towards drugs, and pharmacology of 
certain drugs have a higher impact on drug-related problems. 
Illiteracy about the disease and the need for pharmacological 
management are the main risk factors for the development 
of non-adherence. In contrast, hypersensitivity to drugs and 
pharmacology of drugs are the main risk factors for developing 
ADR, which are unavoidable.9 Similar findings were reported 
by. The study also explains that the increased incidence of drug-
related problems is mainly noticed in a patient with a previous 
medical history of CNS and CVS disease, as stated by. Similar 
findings were reported by patients with inadequate awareness 
and improper use of medications has more risk of DRP. It is 
also observed that patients who have past medical history have 
a higher chance of drug-related problems, as stated. In a study 
of 501 outpatients, 41 patients experienced 51 hemorrhagic 
episodes (incidence 4.3–8.2% per treatment year), and the risk 
of hemorrhage was unrelated to age. In patients with aortic 
valve prosthesis, there is an increased risk of bleeding between 
the fifth to seventh years with oral anticoagulants.10 The 
clinician faced with the anticoagulated patient experiencing 
bleeding is often tempted to label the bleeding a “normal side 
effect” of anticoagulant therapy.11 However, bleeding episodes 
encountered in anticoagulated patients with unmasked 
tumours are not uncommon.12 The discovery of urinary tract 
infections, renal stones, peptic ulcer disease, and other more 
innocuous lesions is even more frequent.13 Gastrointestinal 
and genitourinary bleeding commonly occurs at prothrombin 
times (PTs) which are considered within the normal therapeutic 
range; spontaneous soft tissue haemorrhage is more likely 
associated with supra-therapeutic patient.14 The purple toe 
syndrome, characterized as the dark purplish or mottled colour 
of the toes, occurs between 3- and 20-weeks following warfarin 
therapy initiation.15

CONCLUSION
Non-adherence to prescribed treatment is the main cause of 
drug-related problems, leading to an adverse drug reaction. 
The most often involved risk factors are illiteracy about the 
disease, prescribed treatment, and therapeutic benefits. 
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