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ABSTRACT 
Objective: To examine an inflammatory effect of warfarin and comparing with IL-6 levels along with different 
demographic and clinical variables.  
Study Design: Qusai experimental study. 
Place and Duration of Study: Center of Research in Experimental and Applied Medicine (CREAM), Army 
Medical College/National University of Sciences and Technology, Islamabad from Oct 2013 to Oct 2015. 
Material and Methods: The study design was Quasi Experimental study. Samples were collected by Non-
probability convenience sampling. Total 76 patients were included according to warfarin dose response in 
warfarin therapy patients, i.e. 32(42%) were taking <5mg/day, 37(49%) had been put on dose 5-10mg/day and 
7(09%) were taking>10mg/day of warfarin dose. Patient’s demographic and clinical variables were noted i.e. age, 
gender, BMI, duration of therapy, INR history, hepatic, gastrointestinal and diabetic complications. Human IL-6 
ELISA assay was performed.   
Results: The statistically significant difference was found between age groups (in years) and different levels of 
warfarin dose (p=0.046) along with IL-6 production. There is a negative correlation between warfarin dose and 
age group i.e. as age increases, the dose of warfarin decreases. Among the inter and intra-patient variability age 
and serum IL-6 levels were found to be statistically significant with warfarin dose response. BMI and warfarin 
dose were found to be weak positively correlated. 
Conclusion: A marked immunomodulatory response of warfarin was noted by measuring IL-6 levels. IL-6 levels 
retained a significant association with warfarin dose. 
Keywords: Warfarin, International Normalized Ratio (INR), IL-6, Clinical survey. 

 
INTRODUCTION  

Warfarin has been recognized as a 
therapeutic agent for the treatment of venous   
and arterial thromboembolic diseases1. Warfarin 
despite being a very effective drug has wide inter 
individual variability in dose requirements to 
attain efficient anticoagulation. Due to its narrow 
therapeutic range and interaction with various 
drugs and diseases makes its use complex and 
can lead to severe complications2. 

The warfarin dose is monitored by 
international normalized ratio (INR), which is 

involved in measuring the anticoagulant action of 
warfarin depending on prothrombin time (PT)3. 
Patients on anticoagulant drugs usually have a 
target INR of 2.0 to 3.0 under standardized 
conditions4. Interpretation of INR requires many 
considerations i.e, factors that may increase the 
INR are acute illnesses such as fever and diarrhea 
or that may decrease the INR are edema, high 
vitamin K intake and greater physical activity 
level5. Various factors fluctuated INR range 
during warfarin therapy including poor 
compliance,  dosage error, and concurrent illness, 
concomitant use of other drugs, dietary 
interaction and aging. Together genetic and 
clinical factors contribute up to 47% of the dose 
variability6. Genetic factors are also known to 
affect the warfarin dosage requirements and 
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anticoagulation therapy is affected by 
polymorphism in two genes, namely cytochrome 
vitamin K epoxide reductase complex subunit 1 
(VKORC1) and P450 2C9 (CYP2C9)7.  

It is a challenging drug to use, because it 
requires an expert clinician and a well-educated 
patient8. The normal initiation dose of warfarin is 
5mg/day, which is managed according to the 
patient’s INR to get an appropriate maintenance 
dose9. The maintenance dosage of warfarin is the 
one required to achieve the INR within the 
therapeutic range. The range for maintenance 
doses of warfarin may be between 1-10mg/day10. 
The adjustments of dosage should be set through 
patient’s prothrombin time. Usually, normal INR 
values (2.0-3.0) are considered sufficient              
for patients treated for bioprosthetic valve 
replacement and venous thromboembolism. For 
mechanical valve patients, they commonly 
require an INR range of 2.5 to 3.511. 

Warfarin might influence inflammation 
independent from its effect as an anticoagulant. 
Kater and his colleagues proposed that warfarin 
could be involved in an inflammation pathway in 
addition to its anti-coagulant property12. 
Warfarin inactivates the inflammatory signal 
transduction at various concentrations, i.e. low 
warfarin concentrations, less than 20 mM 
inhibited IL-6 production and high concentration 
greater than 200 mM stimulated its release13,14. 
Various studies suggested that pro-inflammatory 
cytokines increase the cyclooxygenase enzyme 
expression while low dose of warfarin might 
down regulate this enzyme15. 

Keeping in mind the pleiotropy of warfarin, 
the purpose of this study was to investigate how 
various doses affected the IL-6 production in 
patients on warfarin therapy. The effective and 
safe dose response was evaluated in inter-patient 
and intra-patient variability with respect to 
patient’s demography. 
MATERIAL AND METHODS 

The study design was Quasi Experimental 
study. It was conducted at Center of Research in 
Experimental and Applied Medicine (CREAM), 

Army Medical College/National University of 
Sciences and Technology, Islamabad Pakistan. 
Samples were collected by non-probability 
convenience sampling at AFIC/NIHD after 
formal institutional approval. Informed written 
consent was obtained from all the patients 
enrolled in the study. The data were collected on 
a proforma designed and assessed for its validity 
by the treating physician. 

Total 76 patients, belonging to different 
regions of Pakistan, of heart valve diseases 
(congenital heart valve disease, mitral, aortic, 
pulmonary and tricuspid valve stenosis) who had 
undergone surgery (mitral, aortic, tricuspid valve 
replacements and repair) and were on warfarin 
therapy for management of anticoagulation were 
included in the study. The sample size was 
calculated according to different warfarin doses 
i.e. low dose taking patients, medium dose taking 
patients and patients receiving high doses.  

Quantification of IL-6 by ELISA assay: 
Serum was obtained from patient’s blood in a 
vacutainer tube by centrifugation at 3000 rpm for 
5-10 minutes. IL-6 concentrations in serum 
samples were determined in triplicate by IL-6 
EASIA kit (Invitrogen, Biosource Europe S.A) 
according to the manufacturer’s instructions. The 
assay used a biotinylated antihuman IL-6 
monoclonal antibody mixed with streptavidin 
horseradish peroxidase conjugate and human 
monoclonal antibody specific to IL-6 for detection 
at wave length 450 nm. The absorbance of 
standards were calculated by linear regression 
and the quantity of IL-6 in the samples was 
calculated on the basis of the formula R2=0.99. 
Patients were categorized among different age 
groups and compared with adequate warfarin 
doses i.e, (2.5 mg, 5 mg, 7.5 mg, 10 mg and 12.5 
mg& 15 mg/day). 
Statistical Analysis 

Data were analyzed using SPSS version 22.0. 
Mean and S.D were calculated for quantitative a 
vertical categorical variables were presented        
by frequency and percentages Spearsman 
correlation coefficient test was done for 
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significant associations between warfarin dose, 
IL-6 levels, BMI and age of a patient. Pearson’s 
chi square test is applied for significant 
difference. A p-value less than 0.05 considered as 
significant value.  
RESULTS 

Inter-patient variability between demo-
graphic variables associated with warfarin dose 
levels: 

The baseline demographic variables 
analyzed for the study included age from 12 to 80 

years. The mean ± S.D of age was 40.50 ± 12.6. 
Out of total number of patients,males were 44 
(58%) and females were 32(42%). Thirty-two 
(42.1%) patients were on low dose of warfarin i.e. 
2.5 or 5 mg/day,had low levels of IL-6, while 
seven (28.7%) patients, taking dose 12.5 mg/day 
& 15 mg/day had high IL-6 levels (table-I). 
Patients (65%) belonging to the age group 40-80 
years had been prescribed to take <5mg/day of 
warfarin dose, resulted in low levels of IL-6. The 
Spearsman correlation between warfarin dose 
and age group was found to be -0.123 (table-II). 

Table-I: Comparison of demographic and clinical characteristics associated with different warfarin dose 
levels (n=76). 

 
Variables 

Warfarin dose  
p-value <5 mg/day 5-10 mg/day >10 mg/day 

(n=32) 
n (%) 

(n=37) 
n (%) 

(n=07) 
n (%) 

Age groups  
15-40 10(31.3) 16(43.2) 3(42.9) 

0.046 40-60 17(53.1) 07(18.9) 2(28.6) 
60-80 5(15.6) 14(37.8) 2(28.6) 
Duration of Warfarin Therapy  
< 2 months 6(18.8) 1(2.7) - 

0.170 2-6 Months 6(18.8) 7(18.9) 2(28.6) 
> 6 Months 20(62.5) 29(78.4) 5(71.4) 
Target INR of Patient  
< 2.0 13(40.6) 19(51.4) 3(42.9) 

0.545 =2.0 6(18.8) 3(8.1) 2(28.6) 
>2.0 13(40.6) 15(40.5) 2(28.6) 
BMI of Patient  
Normal 9(28.1) 8(21.6) 1(14.3) 

0.494 Over weight 13(40.6) 23(62.2) 5(71.4) 
Underweight 7(21.9) 3(8.1) 1(14.3) 
Obese 3(9.4) 3(8.1) - 
Compliance of Medicine  
Poor 4(12.5) 6(16.2) 1(14.3) 0.909 Good 28(87.5) 31(83.8) 6(85.7) 
Status of Fever after taking Dose  
Normal  32(100) 37(100) 2(28.6) 0.001* High - - 5(71.4) 
Table-II: Correlationof warfarin dose between age, BMI and IL-6 level (n=76). 

Characteristics  Age of patient BMI of patient IL-6 level 
 Mean ± SD 40.50 ±12.6 2.06 ± 0.83 92.5 ± 84.6 

Warfarin Dose of a 
Patient 

Spearsman  
Correlation -0.123 .042  

0.611 
Sig. (2-tailed) 0.0 0.722 0.001 
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Body mass index (BMI) was calculated as 
per WHO criteria and compared with warfarin 
dose and age group through correlation 
coefficient. Increased BMI was observed in 
patients with higher doses of warfarin. 
Spearsman value was 0.04 (table-II)16. 

Intra-patient variability by comparing 
clinical variables associated with different 
Warfarin dose levels: 

Poor compliance of medicine was noted in 
patients presenting with gastrointestinal, hepatic 
and diabetic problems of high warfarin dosage 
requirements (12.5 mg/day and 15 mg/day)with 
increased IL-6 production. The compliance of 
medicine was good among patients taking 
warfarin dose 2.5 mg/day and 5 mg/day. 
Duration of therapy was an important factor       
to determine as it correlates the warfarin 
concentration in plasma with the inflammatory 
cytokines, beginning from less than two months, 

two to six months and greater than six months to 
years. Patients on long term warfarin therapy had 
greater levels of IL-6 because of the high plasma 
warfarin concentration. These patients were 
evaluated by inspecting their target INR weekly 
and fortnightly (fig). It was found that 35 (46.1%) 
patients having target INR <2 had high levels of 
IL-6 because of the maximum intake of dosage to 
maintain the therapeutic INR and 30 (39.5%) 
patients with target INR >2 had low levels of IL-6 
(table-I). Rest of the patients had their target INR 
within the therapeutic range i.e. 2.0 - 3.0. In some 
cases, patient’s blood had failed to clot and they 
were advised to stop the warfarin therapy for 2 to 

3 days until their target INR would come within 
the therapeutic range.  

Patients were advised to note their body 
temperature after taking the dose, the IL-6 
production was then measured. Seventy one 
(93.4%) patients taking 2.5 mg/day, 5 mg/day 
and 7.5 mg/day had normal body temperature 
while patients belonging to group of high doses 
12.5mg/day and 15mg/day had raised body 
temperature. IL-6 was observed with statistically 
significant value i.e. (p=0.001) (table-I). 
DISCUSSION   

Warfarin initiation and its long term 
treatment within the therapeutic INR range (2.0-
3.0) is a challenging therapeutic stage,     
associated with the highest occurrence of 
thromboembolism17.   

We were concerned that warfarin might 
have action in inflammation affecting on IL-6 

levels directly, independent from its action as 
vitamin K antagonist. Patients were observed and 
compared with controls. Our analysis included 
valuable results regarding IL-6 levels and 
warfarin interaction with different demographic 
and clinical variables of heart valve replacement 
patients. Inter and intra-patients variability was 
evaluated and their data was analyzed. Our 
results showed that elderly patients require low 
dose of warfarin which leads to the IL-6 
inhibition with in normal therapeutic INR range. 
Fewer patients taking high doses, greater than 10 
mg/day within the target INR, lead to IL-6 
stimulation. This means that patients on initiation 

 
Figure: Effect of Warfarin dose on IL-6 concentration among age groups. 
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therapy must start with low dose in order to 
adjust their INR. 

A significant difference was found between 
age and varied levels of warfarin dose (p=0.046) 
along with IL-6 production18. There is a negative 
correlation between age and warfarin dosage i.e, 
as age increases, the dose of warfarin decreases12 
and IL-6 production was suppressed as noted for 
age group between 40-80 years. This is called a 
negative correlation with statistically significant 
difference, sig. (2-tailed) value is 0.042 (table-I, II). 

Most of the patients (53.9%) were 
overweight followed by normal weight (23.7%). 
Patients with higher dose of warfarin had 
increased BMI. The Spearsman correlation 
coefficient value was 0.04, that is warfarin dose 
and BMI were correlated with no significant 
difference (p=0.722). Our data supported the 
week positive association of Warfarin and BMI, 
as our work agreed with Mueller’s proposal but 
found no direct interaction between patient’s BMI 
and IL-6 levels. 
CONCLUSION 

Various demographic and clinical variables 
concluded in this study had greater influence on 
Warfarin dose response and IL-6 production. A 
marked immunomodulatory response of 
warfarin was noted by measuring IL-6 levels. IL-6 
levels retained a significant association with 
warfarin dose. This study may help in decreased 
time of concomitant anticoagulant use or other 
anti-inflammatory drugs, which could eventually 
decrease healthcare costs. It may also help 
clinicians to plan for different strategy of 
treatment in Warfarin therapy patients and 
prevent the mortality and morbidity and hence 
save expenses of additional operative procedures. 
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