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Objective: We examined the potential effect of sex and age on warfarin dosing in ambulatory 

adult patients.

Methods: We conducted a retrospective chart review of patients attending an anticoagulation clinic. 

We included patients anticoagulated with warfarin for atrial fibrillation or venous thromboembolism 

who had a therapeutic international normalized ratio of 2–3 for 2 consecutive months. We excluded 

patients who had been on any drug that is known to have a major interaction with warfarin, smok-

ers, and heavy alcohol consumers. Out of 340 screened medical records, 96 met the predetermined 

inclusion criteria. The primary outcome assessed was warfarin total weekly dose (TWD).

Results: There was a statistically significant difference in the TWD among the ages (P,0.01); 

older patients required lower doses. However there was no statistically significant difference in 

the TWD between sexes (P=0.281).

Conclusion: Age was found to have a significant effect on warfarin dosing. Even though women 

did require a lower TWD than men, this observation was not statistically significant.
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Introduction
Until recently, warfarin had been one of the only treatment options for long-term anti-

coagulation of patients requiring chronic oral anticoagulation. In the last few years, 

a number of new oral anticoagulant agents, dabigatran, rivaroxaban, apixaban, and 

edoxaban, have been studied and approved for prevention of stroke in non-valvular 

atrial fibrillation (AF) and treatment or prevention of venous thromboembolism (VTE). 

However, many unresolved questions remain on how to optimally use these drugs 

in specific clinical situations such as those with chronic kidney disease and hepatic 

insufficiency, and in those taking drugs that can inhibit cytochrome P450 (CYP)-3A4. 

Furthermore, practical concerns have been raised about the lack of a reversal agent for 

any of these three new agents. Consequently, warfarin will likely remain an important 

therapeutic option for the primary and secondary prevention of thromboembolic events 

for a variety of medical conditions for many patients.1,2 Warfarin works by inhibit-

ing the synthesis of vitamin-K dependent clotting factors II, VII, IX, and X as well 

as the anticoagulant factors, proteins C and S. It is a difficult drug to dose because 

many factors are incompletely understood that influence an individual’s response.1,2 

It is also a complex drug because of its narrow therapeutic window, with even a mild 

degree of over-anticoagulation potentially leading to hemorrhagic complications.3 

These limitations necessitate the close monitoring of the international normalized 

ratio (INR), which is both resource intensive and inconvenient. Warfarin’s pronounced 
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Table 1 Baseline characteristics

N Percentage

indication 
  AF 

VTe

 
45 
51

 
47% 
53%

sex 
  Men 

Women

 
54 
42

 
56% 
44%

Age 
  group 1 (20–29) 

group 2 (30–39) 
group 3 (40–49) 
group 4 (50–59) 
group 5 (60–69) 
group 6 (70–79) 
group 7 (80–89) 
group 8 ($90)

 
3 
3 
10 
18 
22 
24 
14 
2

 
3% 
3% 
10% 
19% 
23% 
25% 
15% 
2%

Alcohol intake 
  none/occasional 

1–2 drinks/day

 
83 
13

 
86% 
14%

Abbreviations: N, number of patients; AF, atrial fibrillation; VTE, venous 
thromboembolism.

inter-individual variability in dose requirements and its 

complicated management has led to numerous studies evalu-

ating different potential predictors of warfarin requirements, 

including age, sex, nutritional status, presence of comorbid 

conditions, concomitant medications, and vitamin K intake.2,4 

The objective of our study was to examine the potential effect 

of age and sex on warfarin maintenance dose in ambulatory 

adult patients.

Methods
We conducted a retrospective study at a long-term outpatient 

anticoagulation clinic (Celebration Health, Florida Hospital). 

The clinic uses point-of-care monitoring. At the clinic, patients 

are scheduled for 20 minute office visits during which an instant 

finger-stick INR is obtained using CoaguChek S (Hoffman-La 

Roche Ltd, Basel, Switzerland). Patients are also asked about 

factors that might affect their INR or warfarin dosing. The 

clinical pharmacists subsequently provide the patient with 

dosing instructions and may renew prescriptions for warfarin 

and low-molecular-weight heparins on behalf of the patients’ 

enrolling physicians, as part of a collaborative-practice agree-

ment. Patients leave each visit with their instant INR results, 

dosing regimen, and next scheduled follow-up appointment.

The medical records of all patients actively enrolled at the 

clinic from 2007–2009 were randomly selected for review. 

Inclusion criteria were patients with AF or VTE on warfarin 

with an INR range of 2–3; patients stabilized on warfarin 

therapy (reflected by two consecutive therapeutic INR at the 

same total weekly dose [TWD]); non-smokers; patients with 

no to moderate alcohol consumption (#2 drinks per day). 

To control for confounders, we excluded patients who were 

anticoagulated for other indications, smokers, heavy alcohol 

consumers (more than two drinks per day), and patients on 

drugs with major interactions with warfarin as identified by 

the Drug Information Handbook (17th edition).5

The TWD of warfarin was calculated for each patient. 

The following data were also collected: indication for war-

farin, sex, age (divided into eight groups; group one: 20–29 

years, group two: 30–39 years, group three: 40–49 years, 

group four: 50–59 years, group five: 60–69 years, group 

six: 70–79 years, group seven: 80–89 years, group eight: 

90 years or above), alcohol consumption, and the patient’s 

medication list (including prescription and over the counter 

medications).

The primary outcome was the warfarin TWD. To detect a 

possible difference in the TWD between the sexes, we used the 

 Student’s t-test. To assess the impact of age, we used analysis 

of variance (ANOVA) followed by a Bonferroni post hoc test. 

Data analysis was performed using SPSS for windows version 

15.0 (SPSS Inc., Chicago, IL, USA) with the a priori level of 

significance set at a P-value of 0.05 or less.

Results
A review of 340 medical records was concluded, of which 

96 patients met the inclusion criteria. Baseline characteristics 

are summarized in Table 1. The mean TWD (mg) ± standard 

deviation (SD) was 39.44±14.21 for men and 36.15±15.43 

for women (P=0.281) as shown in Table 2. The mean TWD 

was trending downward as age increased. A statistically sig-

nificant lower mean TWD was seen in patients in the 80–89 

age group as compared to patients in 20–29, 30–39, 40–49, 

and 50–59 age groups (P,0.05). Mean TWD of patients in 

group 20–29, 30–39, and 40–49 was around 51 mg as com-

pared to almost half, 24.82 mg, in group 80–89 (P,0.05) 

as shown in Table 3.

Discussion
Warfarin therapy remains challenging. When initiated, 

it is associated with either a high incidence of over-

 anticoagulation which leads to bleeding or persistent 

subtherapeutic INR that not only prolongs the period 

of thrombotic risk, but potentially increases costs 

because of subsequent adjunctive use of other parenteral 

 anticoagulants. It is hard to make accurate dose predic-

tion due to the inability to take inter-individual and intra-

individual variability in response to the drug into account. 

This is frequently a cause for concern.
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The present study found a significant association between 

increasing age and a reduced maintenance dosage of warfarin. 

The TWD for patients 80–89 years of age was 24.82 mg, 

which was almost half the TWD for groups aged between 

20–59 years (mean TWD for the four age groups =49.18 mg). 

A simple clinical approach to starting warfarin therapy in 

patients between ages 80–89 without an acute event would 

be to initiate daily doses reflective of 25 mg per week. These 

findings confirm previously published literature; warfarin 

dose for maintenance therapy is inversely proportional to 

age.6–12 Patients $90 years (group eight) received a TWD that 

was lower than groups one, two, three, four, and five (28.5 mg 

versus an average of 49.18 mg) but this difference was not 

statistically significant. This may be explained by the small 

number of patients in group eight (only two patients).

Our study adds to the body of evidence supporting war-

farin dosing adjustments in the elderly. Data published by 

Garcia et al suggested that as patients age, the TWD declines 

by 0.4 mg per year of life.13 The mechanism for increased 

sensitivity to warfarin with aging is not well-understood. In 

general, the elderly have decreased serum proteins, metabolic 

activities, and renal excretion.14 These alterations lead to 

differences in the pharmacokinetics of a drug that increases 

the persistence of the drug in the body, and consequently, 

increased sensitivity to the drug is observed among the elderly. 

However, a previous report has revealed that there was no 

appreciable difference in the pharmacokinetics of warfarin, 

ie, the plasma half-life, apparent volume of distribution, 

plasma clearance, and plasma warfarin metabolite levels, 

between younger (age range 20–40; mean, 25 years) and 

older (age range, 65–94; mean, 82 years) patients.15 This 

suggests that  pharmacokinetic factors did not influence 

the age- dependent increase in the sensitivity to warfarin. 

Pharmacodynamic changes with age have been much less 

studied. A negative correlation between age and hepatic 

drug-metabolizing enzymes has been detected in rat mod-

els in vitro, and a study of hepatic microsomal enzymes in 

humans showed a 30% decline in hepatic drug  metabolism and 

 cytochrome P450 content with age.16–18  Others have suggested 

an age-related decrease in the diffusion of oxygen within the 

hepatocyte that compromises the oxygen-dependent mixed-

function oxidase enzymes.19 Changes in hepatic glutathione 

levels and decreased activity of the nicotinamide adenine 

dinucleotide phosphate-dependent reductase of vitamin K 

are other postulated hypotheses.20

Several studies,7,10,21 but not all,8,22–24 report that sex is a 

determinant of warfarin dose; women require lower doses 

than men. However, in our study, although women required 

a 3.29 mg lower TWD than men, the difference was not 

statistically significant.

Because all patients were managed in the same antico-

agulation clinic with the same anticoagulation monitor, the 

variability resulting from different management strategies 

and testing methods was controlled.

The present study has several limitations. All informa-

tion collected was via retrospective chart review. We only 

included outpatients from a single tertiary care center. We had 

a relatively small sample size, which means that this study 

may not have been adequately powered to detect a statisti-

cally significant difference between patient-specific factors, 

if a true difference did exist. It was not feasible to control for 

all confounders, they were limited to the extent possible by 

excluding smokers, heavy alcohol consumers, and patients on 

any drug that interacts extensively with warfarin. Although 

we attempted to account for as many confounding factors as 

possible we did not gather information on the patients’ diet, 

compliance with anticoagulant drug therapy, and changes 

in health status. However, since our data were from stable 

patients, and since the INRs did not vary, we do not believe 

that any changes in these variables were significant enough 

to affect anticoagulation control.

The accuracy of our study would have been improved 

by the inclusion of information on genetic polymorphisms 

since polymorphisms of the vitamin K epoxide reductase 

complex subunit 1 gene (VKORC1) and the CYP2C9 gene 

are important determinants of warfarin dosing. We did not 

include information on genetic polymorphism due to the 

Table 3 Warfarin TWD based on age

N Mean TWD ± SD (mg)

group 1 (20–29) 3 51.67±7.638
group 2 (30–39) 3 50.83±23.761
group 3 (40–49) 10 50.75±20.852
group 4 (50–59) 18 43.50±12.332
group 5 (60–69) 22 36.05±11.219
group 6 (70–79) 24 35.54±11.794
group 7 (80–89) 14 *24.82±8.363
group 8 ($90) 2 28.50±12.728
Total 96 38.01±14.770

Note: *Total weekly dose in group seven significantly lower than that in groups one, 
two, three, and four (P,0.05).
Abbreviations: TWD, total weekly dose; sD, standard deviation.

Table 2 Warfarin TWD based on sex

Mean TWD (mg) ± SD P-value

Men 39.44±14.211 P=0.281
Women 36.15±15.433

Abbreviations: TWD, total weekly dose; sD, standard deviation.
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difficulty and the questionable utility of performing genetic 

evaluation in the clinical setting. Many clinicians believe 

that a genetic-based dosing scheme is unlikely to result in 

a practical advantage because of several reasons, including 

timely access to genotyping, which might result in unneces-

sary treatment delays and subsequent prolongation of the 

parenteral anticoagulation, increased costs, and inability of 

genetic-based models to account for environmental factors. 

Furthermore, dosing adjustments continue to be based on 

INR values that could be considered a surrogate marker of 

genetic information.

Conclusion
This study found that mean warfarin doses declined pre-

dictably with age and were not affected by sex. Although 

it did appear that women required a smaller TWD than 

men, the difference was not statistically significant. These 

observations suggest that the current initiation and main-

tenance doses should be modified to reduce the risk of 

inadequate therapy in young patients and excessive antico-

agulation in the elderly.
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