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ABSTRACT 

Objective: To develop a statistical predictive model to ensure the safest use of oral anticoagulant (Acenocoumarol) therapy. 

Methods: It is a retrospective observational single-center study done at PSG Hospitals in Coimbatore, Tamilnadu, India. The data were collected 
from 2019 to 2020 from Hospital Information System (HIS). The statistical analysis was done using Chi-square and Multinomial logistic regression.  

Results: The study includes 82 patients who were treated with Acenocoumarol. The results were calculated using a student t-test and the P-value 
was<0.0001, which is significant as it is less than 0.05, and the prediction tool is developed by using Multinomial Logistic Regression. 

Conclusion: The Risk Assessment tool was developed. As the sample size increases, the accuracy of predictability also increases. So further 
validation of the tool is required for more accuracy and the data input should also be increased. 
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INTRODUCTION 

Acenocoumarol compete with vitamin K for epoxide-reductase, 
thereby reducing the amount of reduced vitamin K required for the 
carboxylation of clotting factors II, VII, IX, and X. They are useful in 
the main and secondary prevention of thrombo-embolic disease 
conditions [1]. Oral anticoagulants are in place to treat various 
conditions such as Atrial fibrillation, Ischemic heart disease, Deep 
vein thrombosis, and Ischemic stroke, which help in the prevention 
of further disease and complications. Vitamin K antagonists (VKAs) 
are effective in the prevention of venous and arterial thrombosis, but 
their major complication is bleeding [2]. Still, bleeding is the most 
serious complication. Although many studies have tried to identify 
independent risk factors for bleeding, controversy still exists [4]. 
Acenocoumarol is generally given lifelong and its dosing 
management becomes complex in the presence of conditions such as 
atrial fibrillation, cerebrovascular disease, diabetes, hypertension, 
heart failure and rheumatoid heart disease, which leads to the 
notable increase in anticoagulants-induced bleeding and clotting 
risks. Some well-designed studies have shown evidence that the 
adverse effects associated with acenocoumarol are more difficult to 
control due to fluctuations in Pro-thrombin time (INR), Factor VII 
levels, and Protein C levels [5]. Currently, the dosing of 
acenocoumarol is based on INR which represents the bleeding and 
clotting risks even though the dosing is dependent upon INR, other 
factors such as co-morbidities and medications influence the INR, 
which makes the dosage adjustment difficult. Some studies show 
that increasing age is associated with bleeding risk [6, 7], and also 
studies show there is a significant association of bleeding risk with 
co-morbidities, co-medications (antiplatelets), and susceptibility to 
gastrointestinal bleeding [8]. Bleeding caused by anticoagulants is 
common and frequently significant. An individual patient's bleeding 
risk can be assessed, providing the primary-care physician with a 
quantitative basis for evaluating the risks and benefits of therapy and 
for enhancing patient management [9]. Since Acenocoumarol therapy 
is associated with serious adverse effect such as Bleeding and clotting. 
Therefore this study is intended to develop a risk prediction tool of 
acenocoumoral which helps in predicting the risk prior to the 
treatment. This tool can be used in the population between 18 to 75 y 
of age. Moreover, the tool predicts the risk by analysing all the factors 
beforehand and helps in further dose adjustment. 

MATERIALS AND METHODS 

Study design 

This was a single-center Retrospective observational study. The 
approval (Ref. No: PSG/IHEC/2021/Appr/Exp/158) to conduct the 
study was obtained from the Institutional Ethics Committee of PSG 
College of Pharmacy before starting the study. 

Study duration 

The duration of the study was 6 mo. 

Study setting 

The study was conducted at PSG Hospitals, a tertiary care teaching 
hospital Coimbatore, Tamil Nadu. The study was conducted during 
the period of 6 mo from July 2019 to April 2020. 

Study subjects 

Patients who were treated with Acenocoumarol. 

Study tool and data collection 

The information from the data collection form during a period of 6 
mo, from July 2019 to April 2020 and was scrutinized and evaluated. 
The collected data were analyzed statistically to obtain the results of 
the probability of the clotting and bleeding risk of patients treated 
with Acenocoumarol. 

Inclusion and exclusion criteria 

Patients between the age group of 18 to 75 y who were treated with 
Acenocoumarol. Pregnant women and patients with other co-
morbidities such as Cancer and renal failure, were excluded from the 
study. 

Statistical Analysis 

The whole data collected were entered into an MS spreadsheet and 
the data were analyzed using IBM SPSS version 26.0. The relation 
between variables was found by testing the p-value<0.05. 
Descriptive statistics such as mean and median were used to 
describe demographic characteristics. Pearson's correlation was 
used to analyze the relationship between bleeding and clotting 

International Journal of Pharmacy and Pharmaceutical Sciences 

Print ISSN: 2656-0097 | Online ISSN: 0975-1491                              Vol 15, Issue 1 2023 

mailto:sowmikasuma@gmail.com�
https://creativecommons.org/licenses/by/4.0/�
https://innovareacademics.in/journals/index.php/ijpps�
https://orcid.org/0000-0002-0648-0290�
https://orcid.org/0000-0001-6958-8736�
https://orcid.org/0000-0003-0578-8872�
https://orcid.org/0000-0003-2511-5202�


V. Sivakumar et al. 
Int J Pharm Pharm Sci, Vol 15, Issue 1, 33-36 

34 

events; and demographic variables (Age, Gender, Co-morbidities), 
Therapeutic variable (INR), and Clinical variable (co-medications 
and platelet level). Multinomial logistic regression was used to 
develop a Risk assessment tool. 

RESULTS 

A total of 82 Patient’s data were included in the study; among them, 
46(56.1%) were male and 36(43.9%) were female. A large proportion 
of patients were below the age group of 60 y and the least proportion 
of patients was above the age group of 60 y. In this, the majority of 

patients were having co-morbidities of hypertension and Diabetes 
Mellitus. Patients with co-morbidities such as Hypertension (n=38) 
and Diabetes mellitus (n=27). Patients were taking co-medications, 
Aspirin (n=26) and Clopidogrel (n=36). The study interpreted the data 
and analyzed the factors that are associated with bleeding and clotting 
risks. Both the influencing and non-influencing factors were analyzed 
using the chi-square test with evidence of p-value. The chi-square test 
shows a significant association with the risks and it is considered an 
influencing factor and factors which does not have a significant 
association are considered non-influencing factors. 

  

Table 1: Study population data 

Factors Frequency 
Age Below 60 54 

Above 60 28 
Gender Male 46 

Female 36 
Comorbidities Hypertension 38 

Diabetes mellitus 27 
Comedications Aspirin 26 

Clopidogrel 36 
 

The risk assessment tool is developed by interpreting and analyzing 
the data which were collected from the Hospital Information System. 
The statistics used for developing the risk assessment tool is 
multinomial logistic regression. 

Development of a risk assessment tool 

The Risk Assessment Tool is designed to predict the future risk of 
acenocoumarol therapy. The dependent factor (Dose) and independent 
factors (Age, Gender, Co-morbidities, and Co-medications) were entered 
and analyzed for developing this tool. The factors that are associated 

with the risk of bleeding, clotting and no event were analysed. The 
prediction data is a percentage value representing the probability of a 
particular complication that is bleeding and clotting risk and the 
approximate percentage of dose adjustment. 

The goodness of fit describes how well it fits the set of observations. 
It summarizes the discrepancy between observed values and 
predicted values. The significant value determines whether 
observed sample frequencies differ significantly from expected 
frequencies. The significance value of 1.000 defines that this data is 
fit to develop a tool. 

 

Table 2: Statistical tool 

Goodness-of-Fit 
 Chi-Square Significance 
Pearson 39.725 1.000 
Deviance 41.049 1.000 

 

 

Fig. 1: Risk assessment tool 
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According to the tool, it gives the predicted value for risk associated 
with acenocoumoral: Bleeding, Clotting and No event. Patients with 
co-morbidities such as Hypertension (n=38) have a 57.8% of 
bleeding risk and 5.2% of clotting risk and Diabetes mellitus (n=27) 
has a 66.6% of bleeding risk and 3.7% of clotting risk. Patients 
taking co-medications, Aspirin (n=26) have a 57% of bleeding risk 
and Clopidogrel (n=36) has a 21% of bleeding risk. This tool can be 
used for analysing the factors of the patients who are treated with 
acenocoumoral to reduce the risk prior the treatment. Accordingly, 
the dose adjustment can be done, if the percentage of bleeding risk 
is>50% then the dose should be reduced and if clotting risk is >50% 
then the dose should be increased. By using this tool, the risk can be 
assessed earlier and further dose adjustments can be done without 
switching to other treatment options. 

VALIDATION 

The developed risk assessment tool is validated with 20 samples in 
patients who were been treated with acenocoumarol, and with the 
help of the tool, the samples are validated and result shows 75% 
accuracy. On validation, the tool helped in the prior prediction of 
risks. The advantage of developing this tool helps in close 
monitoring and the prediction rate leads to the cautious use of 
acenocoumarol in cardiac patients. However, there are some 
limitations, where other factors could be considered such as 
Pharmacokinetics and Pharmaco-dynamics (PKPD) data of the drug 
for more accuracy of the tool. 

DISCUSSION 

Using an administrative healthcare database, we identified that 5 
variables were associated with major bleeding and clotting risk; and 
so a tool has been developed that estimates bleeding and clotting 
risk in patients taking Acenocoumarol. In the derivation data set, the 
discrimination of the tool was adequate. We validated the tool in a 
second data set, showing similar tool discrimination and adequate 
calibration. Our tool has a certain level of predictive ability than 
existing ones. The tool's performance decreased in those >75 y. 
Therefore, quantifying an individual's risk of major haemorrhage is a 
vital component of effective anticoagulation and management. There 
have been several risk stratification tests developed to assess 
bleeding and clotting risk; however, our tool has certain advantages 
compared to current schemes. With the introduction of Direct Oral 
Anticoagulants (DOACs), there is a need for a tool that provides 
clinicians and patients with more quantitative information to 
evaluate the risk-benefit ratio of anticoagulation therapy, which goes 
beyond the binary aspect of a positive or negative recommendation. 
Developed in a database that includes patients on DOACs, our tool 
describes bleeding risk by type of OAC initiated and takes into 
account the described lower risk of bleeding in DOACs. Using the 
predictive tool, clinicians can facilitate the decision-making process. 
For example, predicted bleeding risk based on our tool could be 
automatically calculated using available prior clinical information 
and shown to providers as part of a patient dashboard or clinical 
decision support system. The Risk Assessment tool was developed 
and validated in datasets with a large number of major bleeding 
events, allowing the identification of predictors and a more precise 
inference. The database also includes clinical information on co-
morbidities and prescription medications that were considered risk 
factors for major bleeding and clotting risks.  

In this study, elderly patients aged above 60 y have increased 
bleeding even; there is a significant association between age and 
bleeding events. A study conducted by Hilde A M Koositra in 
Groningen in 2016 [25] compared the bleeding event between age 
groups. Patients 90 y or older had a mildly increased risk of bleeding 
compared with patients aged 70 to 79 y. The risk of bleeding for 
patients aged 80 to 89 y was comparable with that for patients in 
their 70s. The higher bleeding risk in the elderly makes physicians 
reluctant to prescribe VKAs. However, the clinical decision to initiate 
anticoagulation should be as a balance between the risks of bleeding 
and thrombosis [26].  

In our study, the bleeding event is higher in patients who have 
received the co-medications (Anti-platelet therapy). Same way, a 
cross-sectional study was performed in patients undergoing Vitamin 
K antagonists (VKA) therapy, followed in the cardiology department 

of the University Hospital of Sidi Bel Abbes (2018) conducted by 
Malika Belkacemi et al. [27]. The study constitutes one hundred 
patients and recorded 22 cases of bleeding. Overdose and 
concomitant use of drugs that interfere with the acenocoumarol 
effect are significant risk factors for bleeding. Another study 
conducted by Jose Miguel et al., in 2018, reveals that the risk of 
bleeding is higher when anti-platelet therapy is combined with 
acenocoumarol than when patients take only acenocoumarol. 

Hence, knowledge of predictive factors for VKA-related excessive 
anticoagulation seems to be of the utmost importance for improving 
patient management. There is a need for a national registry to assess 
the efficacy and safety of drug use in the short and long term. 
Vitamin K antagonists (VKAs) are effective in the prevention of 
venous and arterial thrombosis, but their major complication is 
bleeding.  

This study has several limitations intrinsic to administrative claims 
data that should be considered. As such, the predictive ability of our 
tool depends on the ability to ascertain accurately both outcomes 
and covariates from administrative data. These variables, however, 
were defined according to validated algorithms with Positive 
Predictive Values between 80–100%. Second, our assessment of 
predictors of major bleeding is dependent on risk factors available in 
the database. Variables, including potentially relevant information, 
such as genetic susceptibility, were not available. Caution should 
therefore be taken when interpreting results for this tool due to the 
lack of availability, in our data, of variables needed to reconstruct 
this as originally defined. Third, in this analysis, a patient's follow-up 
did not end if there were changes in anticoagulation therapy or 
concerns with medication compliance or discontinuation following 
initiation. Fourth, OAC prescriptions were included independently of 
dosage strength. The data does not have adequate information to 
determine the appropriateness of the dosage; however, we included 
clinical indications for dosage reduction as candidate predictors in 
the tool. Since these variables were not selected for inclusion in the 
final tool, it may be reasonable to assume that they do not have an 
impact on the risk of bleeding or that physicians are prescribing 
appropriate doses to patients. Fifth, caution should be taken when 
applying this tool to those patients having co-morbidities other than 
Hypertension and Diabetes Mellitus. Sixth, we considered modifiable 
and non-modifiable predictors. Future work should evaluate the 
impact of modifying bleeding risk factors on the rates of bleeding in 
anti-coagulated patients. 

CONCLUSION 

To the best of our knowledge, this study aimed for the safest use of 
acenocoumarol and a decrease in the risks associated with the 
treatment. Therefore, a Risk assessment tool is developed, which 
helps in the prior prediction of risks and further dosage 
adjustments. The tool has been developed by interpreting and 
analyzing the factors which have a significant effect on bleeding and 
clotting risks.  

LIMITATIONS OF THE STUDY 

Due to the nature of administrative databases, we lack information. 
Specifically, the tool only reflects the risk of bleeding and clotting 
events in patients who are managed similarly to individuals in these 
databases and for those for whom anticoagulants are considered 
safe to use. It will be important to evaluate prospectively the ability 
of the proposed predictive tool to take into account potential 
changes in the quality of anticoagulation management by clinicians. 
We assume that it will perform well in a general population of 
patients. To improve the accuracy of this tool, the sample size should 
be large. This tool will be of future use with limitations such as use in 
pediatrics and large population. 
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