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Background
Rates of obesity have been increasing worldwide. 
In 2016, more than 1.9 billion adults (39%) were 
overweight with over 600 million (13%) being 
obese.1 Health care practitioners are frequently 
challenged with drug dosing in obese patients and 
faced with concerns of under- or overdosing in 
this patient population. Many clinical trials 
exclude or have limited obese patients enrolled, 

making it difficult to determine safe and effica-
cious dosing regimens.

Warfarin was the only oral anticoagulant on the 
market in the United States for over 50 years.2 
Despite the approval of direct acting oral antico-
agulants (DOACs), warfarin is still prescribed for 
approximately 35% of patients with atrial fibrilla-
tion. Even with decades of clinical experience, 
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warfarin therapy poses numerous challenges.2,3 
Variations in patient characteristics such as age, 
race, genetic makeup, and concomitant disease 
states, as well as drug and dietary interactions, 
impact warfarin requirements.2,4,5 The usual rec-
ommended empiric starting dose for warfarin is 
5–10 mg daily. A reduced starting dose, typically 
less than 5 mg daily, is recommended in elderly 
patients, patients with impaired nutrition, liver 
disease, or congestive heart failure, and in patients 
who are at high risk of bleeding.4

Pharmacogenetic algorithms have been devel-
oped to help guide clinicians to initiate a more 
patient-specific warfarin regimen that incorpo-
rates many of the characteristics that warrant a 
lower initial dose, including race, age, smoking, 
genotypes, and body surface area (BSA).5,6 In one 
of the pharmacogenomic models, BSA accounted 
for 11% of the warfarin dose for each 0.25 m2 
increase in BSA. Currently, guidelines recom-
mend against the routine use of pharmacogenetic 
testing for guiding doses of warfarin.5 Despite 
BSA being incorporated into pharmacogenetic 
algorithms, empiric dose adjustments accounting 
for body weight are not well established for non-
genotype-guided warfarin dosing.

With the exception of pharmacogenetic models, 
few studies have been conducted to establish if 
weight or body mass index (BMI) has an effect on 
warfarin requirements. Based on limited informa-
tion available, some data have demonstrated that 
obesity is associated with higher warfarin require-
ments to achieve a therapeutic INR due to a 
higher volume of distribution related to fat solu-
bility and increased clearance.7–9

As the rates of obesity continue to increase, health 
care practitioners are frequently presented with 
the clinical question of what warfarin dose is most 
appropriate for their patients with varying weight 
extremes. The objective of this study is to com-
pare the total weekly dose (TWD) of warfarin in 
patients admitted with therapeutic INRs and 
patients newly initiated on warfarin in the hospi-
tal, stratified by BMI.

Methods
A retrospective chart review was conducted at 
two community hospitals and evaluated two 
cohorts of patients. Cohort A consisted of hospi-
talized patients admitted with a therapeutic INR 
and cohort B included patients newly initiated on 

warfarin during the index hospitalization. Data 
were extracted from the institutions’ electronic 
medical record systems. Prior to data collection, 
this study was approved by the Institutional 
Review Board at both study institutions (Missouri 
Baptist Medical Center #1061 and SSM Health 
St Mary’s Hospital #15-11-0767). Informed con-
sent was waived due to the retrospective nature of 
the study: research involves no more than mini-
mal risk to the subjects, waiver or alteration will 
not adversely affect the rights and welfare of the 
subjects, research could not practicably be carried 
out without the waiver or alteration, and when-
ever appropriate, the subjects will be provided 
with additional pertinent information after par-
ticipation [United States Department of Human 
Services 45CFR46.116(d)(1-4)].

All patients admitted with a therapeutic INR 
within 48 h of admission and a goal INR of  
2.0–3.0 based on the American College of Chest 
Physician guideline recommendations were eligi-
ble for inclusion in cohort A.4 Inclusion criteria 
for cohort B included patients newly initiated on 
warfarin with an INR goal of 2.0–3.0 who received 
at least 4 days of warfarin therapy during the 
index hospitalization.4 Patients were consecu-
tively evaluated in reverse chronologic order start-
ing on 1 July 2015 through 1 July 2013 until 100 
patients at each institution were included in each 
bodyweight classification for both cohorts [under-
weight (BMI < 18 kg/m2), normal/overweight 
(BMI < 18–29.9 kg/m2), obese (BMI < 30–39.9 
kg/m2), and morbidly obese (BMI ⩾ 40 kg/m2)]. 
Patients were excluded if they were under 18 
years of age, pregnant, had a mechanical mitral 
valve, an INR goal of 2.5–3.5, or received warfa-
rin for deep vein thrombosis prophylaxis follow-
ing orthopedic surgery.

Study outcomes
The primary outcome for both cohorts was the 
mean TWD required to obtain a therapeutic 
INR, stratified by body weight classifications 
(underweight, normal/overweight, obese, and 
morbidly obese). In cohort B, patients must have 
a therapeutic INR upon discharge to be included 
in the analysis for the primary outcome. The 
TWD was calculated based on the patients’ 
weekly warfarin requirements prior to admission 
as reported by the patient or obtained from phar-
macy refill histories during the home medication 
reconciliation process (cohort A) or the average 
daily warfarin dose extrapolated to equate 
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average TWD (cohort B). A subgroup analysis 
accounting for key drug interactions and smoking 
status was also conducted.10

Statistical analysis
Descriptive statistics were used to describe base-
line characteristics. Data were stratified accord-
ing to BMI into four bodyweight classifications: 
underweight, normal/overweight, obese, and 
morbidly obese. Differences among the mean 
TWD of the groups was assessed using one-way 
analysis of variance (ANOVA). A Tukey post hoc 
test was utilized to determine which BMI classifi-
cations had a statistically significant difference in 
TWD of warfarin. An analysis of covariance 
(ANCOVA) with a post hoc Bonferroni test was 
conducted to control for differences in baseline 
demographics. A bivariate analysis was used to 
assess whether there was an association between 
BMI and the TWD of warfarin. A linear regres-
sion analysis and linear fit model were used to 
evaluate the association between BMI and TWD 
of warfarin. All analyses were performed using 
IBM SPSS Statistics Version 24. A p value less 
than 0.05 was considered to indicate statistical 
significance.

Results
A total of 585 patients were included in cohort A 
(26 underweight, 200 normal/overweight, 200 
obese, and 159 morbidly obese) and 379 patients 
were included in cohort B (9 underweight patients, 
166 normal/overweight patients, 152 obese 
patients, and 52 morbidly obese patients). 
Approximately 50% of the normal/overweight, 
obese, and morbidly obese patients were men, with 
a lower representation in the underweight cohort 
(15.4%–22.2%). In both cohorts A and B, the 
mean age decreased as the BMI increased (Table 
1), with the morbidly obese being statistically 
younger compared with the other weight classifica-
tions (65.6 and 56.3 respectively) (p < 0.05). In 
patients admitted with a therapeutic INR (cohort 
A), the most common reason for anticoagulation 
was atrial fibrillation (57.7%–72%), while the most 
common reason for initiating warfarin in hospital-
ized patients was for the treatment of a venous 
thromboembolism (36.5%–47%).

In cohort A, there was a statistically significant 
difference in TWD between groups as deter-
mined by one-way ANOVA (p < 0.05). A Tukey 
post hoc test revealed a statistically significantly 

higher TWD in the morbidly obese (41.5 mg) 
compared with underweight patients (25.6 mg,  
p < 0.05), normal/overweight patients (28.8 mg, 
p < 0.05) and obese patients (32.4 mg, p < 0.05) 
(Table 2). There were no statistically significant 
differences between the other groups. When 
adjusting for age, a statistically significant differ-
ence was still observed between obese patients 
compared with underweight, normal/overweight, 
and obese patients (p < 0.05) (Table 2). There 
was a weak, but statistically significant positive 
correlation between TWD of warfarin and BMI 
(R = 0.279, R2 = 0.078, p < 0.05), suggesting 
that BMI accounts for approximately 7.8% of the 
TWD of warfarin. For each one-unit increase in 
BMI, the TWD of warfarin increased by 0.46 mg. 
Using the linear fit model (Figure 1), the average 
TWD of warfarin can be estimated using the for-
mula: 17.58 + 0.46 × BMI. Based on this analy-
sis, as a patient’s BMI increased, higher warfarin 
requirements were needed to maintain a thera-
peutic INR.

In cohort B, only 191 patients had a therapeutic 
INR on discharge (88.9% underweight, 52.4% 
normal/overweight, 44.1% obese, 55.8% mor-
bidly obese, p = 0.035) (Figure 2). Of those dis-
charged with a therapeutic INR, there was a 
statistically significant difference in TWD between 
groups as determined by one-way ANOVA  
(p = 0.021). A Tukey post hoc test revealed a sta-
tistically significantly higher TWD in the morbidly 
obese (41 mg) compared with underweight 
patients (24.4 mg, p = 0.017). There were no sta-
tistically significant differences between the other 
groups or between time to therapeutic INR 
(underweight 5.75 days, normal/overweight 5.29 
days, obese 5.24 days, morbidly obese 5.24 days; 
p = 0.939). However, when adjusting for age, 
there was a numerically, but not statistically sig-
nificant difference in the TWD among BMI clas-
sifications (Table 2) (p = 0.154). Of patients 
discharged with a therapeutic INR, the morbidly 
obese had a longer length of stay (LOS) (15.5 
days) compared with normal/overweight patients 
(10.7 days; p = 0.019) and obese patients (10.6 
days; p = 0.022) but not underweight patients 
(12.5 days; p = 0.755). This could possibly reflect 
a sicker patient population and does not necessar-
ily indicate that patients resided in the hospital 
solely to attain a therapeutic INR.

There were no statistically significant differences 
between the number of patients with key interact-
ing medications among BMI classifications in 
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Table 2.  Weekly warfarin requirements stratified by body mass index.

Statistical analysis Therapeutic upon admission Newly initiated, therapeutic at discharge

Underweight
(n = 26)

Normal/
overweight
(n = 200)

Obese
(n = 
200)

Morbidly 
obese
(n = 159)

Underweight
(n = 8)

Normal/
overweight
(n = 87)

Obese
(n = 67)

Morbidly 
obese
(n = 29)

Minimum (mg) 6 3.5 6 7 5.25 15.75 17.5 15.4

Maximum 59 105 160 140 44.2 84.58 74.38 80.5

Mean* 25.6 28.8 32.4 41.5 24.4 34.89 36.49 41.01

Mean adjusted for 
age$

27.6 31.3 32 38.4 26.5 35.7 36 39.1

Median$ 15.75 28 29 35.5 24.34 32.85 33 37.69

Mode 14 35 35 35 – 28 28 46.2

Standard deviation 18.63 15.47 18.57 18.61 13.52 13 13 18.13

Variance 347 239 344.7 346.3 182.67 168.93 169.05 328.59

*p Value < 0.05 in both cohorts.
$p Value < 0.05 in cohort A.

Figure 1.  Linear fit of total weekly dose (TWD) by 
body mass index (BMI) in cohort A (patients admitted 
with a therapeutic INR).

either cohort (p > 0.05) (Table 1). In cohort B, 
the only statistically significant difference noted 
in drug interaction was a higher number of mor-
bidly obese and underweight patients concomi-
tantly taking fluconazole. A subanalysis of cohort 
A found that patients taking amiodarone required 
approximately 30%–40% less warfarin than those 
not taking amiodarone (Table 3) (p = 0.011). 
Due to the small sample size, inconclusive results 
were found for patients receiving other drugs that 
commonly impact warfarin requirements.

Discussion
The results of this study are consistent with the 
limited, but recently published literature support-
ing higher warfarin requirements to obtain and 
maintain a therapeutic INR in morbidly obese pat
ients.7–9,11–13 Routledge and colleagues conducted 
a multiple regression analysis in the 1970s. The 
investigators reported that patient weight is 
related to warfarin requirements and accounts for 
approximately 3.77% of the variation in dose.9 A 
decade later, Kirking and colleagues were unable 
to establish a correlation between mean mainte-
nance dose and lean body weight (r = 0.17).12 
Unfortunately, patient weight extremes were not 
reported. In 1971–1975 approximately 14.5% of 
adults had a BMI of at least 30 kg/m2. The preva-
lence in America nearly doubled by 2000, with 
approximately 30.4% with a BMI of at least 30 
kg/m2.13 Given the increasing rates of obesity, it is 
unlikely that a substantial number of obese and 
morbidly obese patients were included in earlier 
studies.

Another retrospective study, including 831 out-
patients on stable warfarin regimens for at least 3 
days, found a strong correlation between warfarin 
dose and BMI. For each one point increase in 
BMI (kg/m2), the weekly dose of warfarin 
increased by 0.69 mg (average TWD of warfarin 
= 12.34 + 0.69 × BMI) (p < 0.001).14 Based on 
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Figure 2.  Patient inclusion in cohort B for primary endpoint.

Table 3.  Cohort A exploratory subgroup analysis of mean warfarin requirements.

Underweight
(n = 26)

Normal/
overweight
(n = 200)

Obese
(n = 200)

Morbidly 
obese
(n = 159)

Overall mean 25.6 mg 28.8 mg 32.4 mg 41.5 mg

Sex

Male n = 4 n = 98 n = 98 n = 76

26.5 mg 30.2 mg 35.9 mg 44.9 mg

Female n = 22 n = 102 n = 102 n = 83

25.4 mg 27.3 mg 29 mg 38.4 mg

Race

White n = 24 n = 152 n = 129 n = 111

25.6 mg 27.6 mg 32.5 mg 39

Black n = 2 n = 44 n = 64 n = 47

24.5 mg 32.8 mg 33.6 mg 47.2 mg

Other – n = 4 n = 7 n = 1

– 29.1 mg 18 mg 52.5 mg

Tobacco status

Smoker – n = 21 n = 17 n = 17

– 39.6 mg 39 mg 41.3 mg

 (Continued)
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these results, a patient with a BMI of 30 kg/m2 
would require approximately 33 mg of warfarin 
per week. Similar results were observed in the 
current study. The equation yielded from the lin-
ear fit model in cohort A estimates 31 mg of war-
farin per week for a patient with the same BMI. 
Alternatively, Kabegambe and colleagues found a 
trend of higher warfarin dosing requirements with 
increasing BMIs, however this was not found to 
be statistically significant.9

The results are hampered by a number of limita-
tions, such as the retrospective study design and 
small sample size. Patients were only evaluated at 
two hospitals during a prespecified timeframe, 
yielding less than the desired 100 patients per arm 
per institution. In cohort B, only patients who 
were discharged with a therapeutic INR were 
included in the analysis; this yielded an even 
smaller sample size. The small sample size could 
explain the lack of difference in average TWD 

Underweight
(n = 26)

Normal/
overweight
(n = 200)

Obese
(n = 200)

Morbidly 
obese
(n = 159)

Nonsmoker n = 26 n = 179 n = 183 n = 142

25.6 mg 27.5 mg 31.8 mg 41.5 mg

Interacting medications

Amiodarone

Yes n = 4 n = 25 n = 33 n = 12

20.5 mg 17.6 mg 22.3 mg 30.3 mg

No n = 22 n = 175 n = 167 n = 147

26.5 mg 30.4 mg 34.4 mg 42.4 mg

Fluconazole

Yes – n = 3 – n = 2

– 28 mg – 38.5 mg

No n = 26 n = 197 n = 200 n = 157

25.6 mg 28.8 mg 32.4 mg 41.5 mg

Metronidazole

Yes n = 1 n = 7 n = 4 n = 2

49 mg 27.9 mg 21.8 mg 38.5 mg

No n = 25 n = 193 n = 196 n = 157

24.6 mg 28.8 mg 32.6 mg 41.5 mg

Sulfamethoxazole/
trimethoprim

Yes – n = 2 n = 2 n = 2

– 31.8 mg 37 mg 57.8 mg

No n = 26 n = 198 n = 198 n = 157

25.6 mg 28.7 mg 32.3 mg 41.3 mg

Table 3. (Continued)
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between weight classifications once adjusted for 
age. Despite the lack of statistical significance, a 
numerical difference was noted and the average 
TWD between cohort A and B remained similar: 
underweight (27.6 mg and 26.6 mg), normal/
overweight (31.3 mg and 35.7 mg), obese (32 mg 
and 36 mg), and morbidly obese (38.4 mg and 
39.1 mg).

The retrospective nature of the study depended 
on the quality of the home medication reconcilia-
tions performed on admission to accurately reflect 
the warfarin dose the patient was receiving as an 
outpatient and to reliably capture drug interac-
tions. Additionally, disease states such as liver 
dysfunction and heart failure were not captured 
in cohort A or B, and only a single therapeutic 
INR within 48 h of admission was required for 
study inclusion in cohort A. The time in thera-
peutic range was not calculated for the duration 
of the hospital stay and would have provided 
more insight into the stability of the warfarin regi-
mens the patients were receiving. Therefore, 
patients could have been deemed as having a sta-
ble regimen without knowing or evaluating addi-
tional INRs. Based on the retrospective nature of 
the study, the investigators were also unable to 
determine when warfarin therapy was initiated in 
patients in cohort A.

Drug interactions, such as amiodarone, should 
still be taken into account as patients concomi-
tantly taking warfarin required lower doses than 
those without the drug interaction in patients in 
the same BMI class.3 There was not a sufficient 
number of patients in each body weight classifica-
tion to draw conclusions for other drug interac-
tions and conflicting results are reported for 
patients receiving sulfamethizole/trimethoprim.10 
Similarly, it is difficult to extrapolate differences 
in race and the impact on requirements in patients 
of varying weight classifications as over 70% of 
the patients included in the analysis were white.

Conclusion
Data from this evaluation suggest that BMI, espe-
cially 40 kg/m2 and over, in addition to other tra-
ditional factors affecting warfarin requirements, 
should be taken into account when determining 
warfarin doses.
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