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Abstract
Warfarin treatment requires regular and proper monitoring to avoid overanticoagulation and at the same time to prevent
thromboembolic complications. This study assessed the quality of warfarin anticoagulation at Princess Marina Hospital in Bots-
wana. This cross-sectional study consecutively enrolled patients who were on warfarin for at least 3 months in the outpatient
medical clinic. The level of anticoagulation was determined by the time in therapeutic range (TTR) using the Rosendaal method
that calculates the percentage of days when the international normalized ratio is in the therapeutic range (2.0-3.0). Poor antic-
oagulation control was defined as an estimated TTR <65%. We performed univariate and multivariate logistic regression to assess
predictors of poor anticoagulation control. Of total, 410 (68.8% women) patients whose median age was 46 (interquartile range
[IQR], 35-58) years were enrolled. Indications for warfarin included mechanical heart valves, 185 (45.1%); deep vein thrombosis,
114 (26.8%); and atrial fibrillation, 68 (17.8%). Of the 2004 tests (an average of 4.9 tests per patient) assessed, only 20% of the tests
were within the therapeutic range. The median TTR was 30.8% (IQR, 15.2-52.7). Most (85.1%) patients had poor anticoagulation
control. Cigarette smoking and pulmonary hypertension perfectly predicted poor anticoagulation. Hypertension was a predictor
of poor anticoagulation control (adjusted odds ratio ¼ 2.24; 95% confidence interval: 1.02-4.94). The quality of anticoagulant
therapy with warfarin in Botswana patients is poor. The evidence calls for efforts to improve the level of anticoagulation control
among patients on warfarin in Botswana.
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Background

Warfarin is the most common oral anticoagulant used in clinical

practice.1,2 Because of its narrow therapeutic window, multiple

drug interactions, and individual variability in dose response, the

management of warfarin therapy is often challenging.3 Close

monitoring through systematic international normalized ratio

(INR) measurement minimizes the risk of bleeding while max-

imizing protection against thromboembolic events.4,5 The ther-

apeutic INR recommended for most warfarin indications is 2.0 to

3.0, a level of anticoagulation that has been shown to protect

patients from blood clots while minimizing the risk of hemor-

rhage attributable to excessive anticoagulation.5-7 The percent-

age of time in therapeutic range (TTR) summarizes INR control

over time.5,8 A TTR above 65% has been reported to be bene-

ficial against stroke and vascular events among patients on war-

farin.9,10 On the other hand, TTRs of less than 40% are not

associated with any significant mortality benefit.10

A substantial proportion of warfarin-treated patients has

remained suboptimally anticoagulated.7,11-13 The level of

anticoagulation control varies with many factors including

study setting, frequency of INR monitoring, and variant

alleles of the CYP2C9 and VKORC1 genes among

patients.5,7,11,14,15 Variations in the VKORC1 and CYP2C9
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genes across races–ethnic groups partly contribute to differ-

ences in warfarin dose requirement, sensitivity to warfarin,

and the quality of anticoagulation.16 The proportion of

patients with optimal anticoagulation control varies with set-

ting from as low as 0% in developing countries to about 49.4%
in developed countries.9,13

Because of diligent laboratory monitoring and timely warfarin

dose adjustments, clinical trials have been reporting better antic-

oagulation control than in routine community practices.7 Novel

oral anticoagulants (NOACs) have similar efficacy and safety to

warfarin in patients with venous thromboembolism and atrial fibril-

lation (AF).9,17 As frequent laboratory monitoring and dose adjust-

ments are not required with NOACs, they may be more convenient

alternatives to warfarin in routine clinical settings and particularly

when anticoagulation control with warfarin is suboptimal.9,17,18

Unfortunately, NOACs are associated with an increased risk of

thromboembolic and bleeding events among patients with

mechanical heart valves.19 Warfarin is, therefore, the only antic-

oagulation option in patients with mechanical heart valves. Rheu-

matic heart disease (RHD) has the highest prevalence in sub-

Saharan Africa and continues to be one of major causes of cardi-

ovascular morbidity and mortality among young people in this

region.20-22 Some patients with RHD undergo valve replacement

often at a relatively young age.20,21 Patients with mechanical heart

valves and those who develop pulmonary hypertension, AF, and

stroke as a sequela of RHD need long-term anticoagulation with

warfarin.20,21 Even though warfarin is the most common antic-

oagulant in the Botswana, there is no published information on the

level of anticoagulation control. In this study, we sought to assess

the quality of anticoagulation control (expressed as TTR) among

patients on warfarin at Princess Marina Hospital medical outpa-

tient clinics in Gaborone Botswana.

Methods

Patients and Setting

This was a cross-sectional study conducted at Princess Marina

Hospital, Botswana’s largest tertiary and referral hospital. As

there is no specialized anticoagulation clinic at Princess Marina

Hospital, patients who are on warfarin are usually seen in the

general medical clinics. Most patients with prosthetic valves

are seen at the cardiac clinic. Patient clinic visits are at least

once in every 4 to 8 weeks or more as needed for patients with

labile INR values. Changes of warfarin dosages are made

accordingly to achieve therapeutic INR ranges.

All patients on warfarin between October 2014 and October

2016 were eligible for enrollment. Male and female patients with

varying indications for warfarin on treatment for at least 30 days

and with a minimum of 4 INR values recorded were included. A

study research nurse obtained written informed consent from

eligible patients willing to participate in the study. The research

assistant administered a questionnaire to all consenting patients

and reviewed respective medical records. The questionnaire

aimed to capture demographic information, clinical conditions,

and indications for warfarin anticoagulation.

We determined the level of anticoagulation measured by the

TTR using the Rosendaal method, which calculates the per-

centage of days when the INR values are in the therapeutic

range (2.0-3.0).8 The TTR was calculated for each patient as

the number of person-days with an INR of 2.0 to 3.0 divided by

the total number of person-days on warfarin. The method uses

INR values from patients with at least 2 valid intervals sepa-

rated by 56 days (8 weeks) or less, without an intervening

hospitalization. Individual patient TTRs were used to calculate

the overall TTR for the hospital. A poor anticoagulation control

was defined as an estimated TTR <65%.9

Statistical Analysis

We analyzed the data using SPSS version 23.0 for Windows

(SPSS Inc., Chicago, Illinois). We present the medians with

interquartile ranges (IQRs) for continuous variables and counts

(percentage) to describe categorical variables (indications for

warfarin, smoking, alcohol intake, age, sex, TTR control cate-

gories, and comorbid conditions). We performed univariate

logistic regression and multivariate logistic regression to deter-

mine the predictors of poor anticoagulation control. In the

regression, sex, age, stroke, diabetes, and HIV infection were

a priori decided as potential confounders, and any other vari-

ables with P < .20 were included in the final model. Smoking

and pulmonary hypertension were perfect predictors of poor

coagulation and therefore not included in the final model.

We report the crude and adjusted odds ratios. We considered

a P value of <.05 as statistically significant.

Ethical Consideration

The study was approved by the institutional review boards of

the University of Botswana, Ministry of Health and Princess

Marina Hospital Institutional Review Boards (PMH 5/

79[101]). Before data collection, informed consent was

obtained from all individual participants included in the study.

Results

The study included 410 patients, whose median age was 46

(IQR, 35-58) years (Table 1). Two hundred and eight-two

(68.8%) participants were females. The most common indica-

tions for warfarin were mechanical heart valves, deep vein

thrombosis (DVT), and AF. The median weekly dose of war-

farin was 35 (IQR, 35-52.5) mg, consistent in all indications.

The most common comorbidities were HIV infection, hyper-

tension, and prior history of stroke/transient ischemic attack

(TIA). Patients with DVT were more likely to be HIV-

infected than those with other indications (48.2% vs 16.9%,

P < .001). Smoking and alcohol intake was reported in 21

(5.1%) and 24 (5.9%) patients, respectively.

Table 2 describes INR control among patients with different

indications for warfarin. A total of 2004 INR values were

assessed over a median duration of 126.0 (IQR, 89.8-167.3)

days per patient. Each patient had a mean of 4.9 (standard
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deviation 0.4) INR results assessed and the median percentage

of tests in therapeutic ranges was 20% (IQR, 0-40).The median

TTR was 30.8% (IQR, 15.2-52.7). Sixty-one (14.9%) patients

had TTR in the therapeutic range while 254 (61.9%) patients

had TTR below 40%. The percentage of poor anticoagulation

control was therefore 85.1%.

Poor anticoagulation control was not associated with gen-

der, age, alcohol consumption, or indications for warfarin

(Table 3). Cigarette smoking was observed in 6.0% of the

patients with poor anticoagulation control and none in well-

controlled patients.

Discussion

Warfarin is the only available anticoagulant for patients in

public health facilities in Botswana. To the best of our knowl-

edge, this is the first study measuring anticoagulation control

among patients on warfarin in Botswana. We found that

patients on warfarin anticoagulation were within the therapeu-

tic time in about 30.8% of the time and about 85.1% patients

had poor anticoagulation control. Anticoagulation control did

not vary with patients’ age, gender, indications, or weekly

dosage of warfarin. As poor anticoagulation control has a

strong association with worse outcomes, these findings have

important implications for patients on long-term warfarin

anticoagulation.9,10

The level of anticoagulation control varies with many fac-

tors including study setting, frequency of INR monitoring, and

variant alleles of the CYP2C9 and VKORC1 genes among

patients.5,7,11,14,15 The low TTR in our patients is comparable

to findings from routine clinical practice settings but poorer

than reports from clinical trials and specialized anticoagulation

clinics.9,12,23,24 Consistent with our findings, the mean TTR

reported in the Global Anticoagulation Registry in the

FIELD-atrial fibrillation (GARFIELD-AF Registry) for

patients on warfarin in routine practice in India was 31.1%.24

Similarly, Sarawate et al observed a mean TTR of 28.6% in

patients without chronic valvular AF hospitalized in commu-

nity practice in the United States.12 In another study in Ethio-

pia, a comparable low TTR (29%) was reported among

warfarin-treated patients.25 Infrequent INR monitoring partly

explains the poor anticoagulation control in these settings.26

The TTR obtained in the present study was, however, lower

than reports from specialized anticoagulation clinics in

Africa.9,23 Manji et al in Kenya reported a mean TTR of

64.6% in an anticoagulation clinic in Eldoret.23 Similarly, the

mean TTR (46.3%) reported from specialized clinics in South

Africa was better than the level in our hospital.9 Due to close

monitoring of INR and timely dose adjustments, specialized

anticoagulation clinics and clinical trials have consistently

shown better anticoagulation control than routine practices.7

Lack of a specialized anticoagulation clinic at Princess Marina

Hospital may partly explain the poor anticoagulation control

because of infrequent INR monitoring. There is strong evi-

dence that anticoagulation control level improves with frequent

INR monitoring.26 Monthly monitoring of INR has been shown

to keep about 50% to 60% of patients in therapeutic range. The

level of anticoagulation control further improves to 77% to

85% and 92% if INR is monitored weekly and every 3 days,

respectively.26 With few health facilities that can offer INR

testing in Botswana, patients travel long distances and as a

result spend long time off work and incur extra cost to access

centralized anticoagulation services. Frequent INR would,

therefore, require decentralization of the anticoagulation ser-

vices in the country.

In the present study, 85.1% of our patients had poor antic-

oagulation control. This high proportion of patients with poor

anticoagulation control level is consistent with previous reports

from South Africa and Asia where the proportions were 100%
and 83.3%, respectively.9,13 Although TTR does not provide

information about over- or underanticoagulation, there is evi-

dence that warfarin-treated patients who lie outside the thera-

peutic INR range are more likely underanticoagulated than

overanticoagulated.7 Given that the rates of stroke, systemic

Table 1. Clinical and Demographic Characteristics of Patients on
Warfarin at Princess Marina Hospital in Botswana.

Characteristics n ¼ 410

Female sex, n (%) 282 (68.8)
Age, years, median (IQR) 46 (35-58)
Indications

Mechanical valves 185 (45.1)
Deep vein thrombosis 114 (27.8)
Atrial fibrillation 68 (16.6)
Intracardiac thrombus 37 (9.0)
Pulmonary hypertension 9 (2.2)

Comorbidities
HIV 108 (26.3)
Hypertension 102 (24.9)
Stroke/TIA 43 (10.5)
Heart failure 33 (8.0)
Tuberculosis 22 (5.4)
Diabetes 16 (3.9)
Renal failure 8 (2.0)

Abbreviations: IQR, interquartile range; TIA, transient ischemic attack.

Table 2. International Normalized Ratio Control of Patients on War-
farin at Princess Marina Hospital in Botswana.

Population
TTR TTR Categories

Median IQR <65% �65%

All 30.8 15.2-52.7 349 (85.1) 61 (14.9)
Women 30.9 15.0-50.0 244 (86.5) 38 (13.5)
Men 30.3 16.5-55.2 105 (82.0) 23 (18.0)
Valves 34.8 18.3-55.2 155 (83.8) 30 (16.2)
Atrial fibrillation 20.7 9.1-37.0 59 (86.8) 9 (13.2)
VTE 31.2 16.3-47.6 104 (85.2) 18 (14.8)
ICT 21.7 6.1-53.3 31 (83.8) 6 (16.2)
PH 46 7.5-55.1 9 (100) 0 (0)

Abbreviations: ICT, intracardiac thrombus; IQR, interquartile range; PH, pul-
monary hypertension; TTR, time in therapeutic range; VTE, venous
thromboembolism.
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embolism, and all-cause death are higher in patients who are

underanticoagulated, it is likely that our patients succumb to

these complications.13 Except for patients with mechanical

heart valves, some of these patients could benefit from NOACs

instead of warfarin use.17,19,27 Unfortunately, these drugs are

not only more expensive than warfarin but also not readily

available in the public setting in Botswana.

Our patients had several comorbid conditions such as HIV,

hypertension, diabetes mellitus, heart failure, and prior his-

tory of stroke or TIA. The presence of these comorbidities

has been associated with poor anticoagulation control and an

increased risk of stroke, even in patients without AF.28,29,30

Interactions between warfarin and medications used for these

comorbid conditions have been reported to affect warfarin lev-

els and consequently anticoagulation control.3,30 As expected,

hypertension was the most common comorbid condition in our

exclusively black population.31 Consistent with previous

reports, being hypertensive was associated with poor anticoagu-

lation control.30 In contrast, the presence of other comorbidities

was not associated with poor anticoagulation control.29 The

median age of our population was lower than reported in other

studies of patients on warfarin.7 This may partly explain the

lower burden of age-dependent comorbidities.3,7

The most common indication for warfarin treatment among

our study participants was mechanical heart valves. This obser-

vation is not surprising because sub-Saharan Africa has the

highest prevalence of RHD.21 Patients with RHD would not

only undergo valve replacement at a relatively young age but

may also develop pulmonary hypertension and AF that require

lifelong anticoagulation.20 Thus, majority of warfarin-treated

patients are young and most indications for anticogulation are

related to RHD.20 This is in contrast to situation in developed

countries where warfarin-treated patients are old and the

commonest indication is nonvalvular AF.7 Nevertheless, despite

of the young age of our patients, the overall mortality, hospita-

lization, and stroke rates for patients with valvular AF are similar

to the rates in the patients without valvular AF.32 Another com-

mon indication for warfarin anticoagulation among our patients

was DVT. This may be explained by the high prevalence of HIV

among our study participants. The incidence of venous throm-

bosis is reported to be 2- to 10-fold higher in HIV-infected

individuals than in HIV-negative individuals of the same age.33

HIV infection is associated with a decrease in anticoagulants

such as antithrombin III, protein S, and protein C and an increase

in procoagulants particularly the endothelial tissue expression

and thrombogenic properties of microparticles.33

There were a small number of cigarette smokers and those

who reported of any alcohol intake in our population. Current

cigarette smokers were more likely to have poor anticoagula-

tion control than nonsmokers. Although our sample size is

small, our observation is consistent with previous studies which

reported the negative influence of smoking on the quality of

warfarin anticoagulation.34 Smoking has been reported to

enhance the clearance of warfarin and consequently reducing

its anticoagulation effect.35,36 Therefore, patients should be

counselled on smoking cessation once on warfarin anticoagu-

lation.36 Patients reporting alcohol use were at 4-fold odds of

poor coagulation even though this was not statistically signif-

icant. Our sample size was, however, small with insufficient

power. Alcohol is reported to increase metabolism of warfarin

by inducing hepatic microsomal enzymes.37

Study Limitations

Being a cross-sectional study, the time intervals for which the

anticoagulation levels were assessed may not be a true

Table 3. Predictors of Poor Anticoagulation Control Amongst Patients on Warfarin at Princess Marina Hospital in Botswana (n ¼ 410).

Characteristic n (%)

Poor Anticoagulation Control

Crude OR 95% CI P Value Adjusted OR 95% CI P Value

Sex (female) 244 (86.5) 1.41 0.80-2.48 0.24 1.54 0.84-2.83 .16
Alcohol use (yes) 23 (90.2) 4.26 0.56-32.21 0.16 3.49 0.45-27.15 .23
Age (31-50) 153 (81.4) 0.46 0.18-1.15 0.1 0.41 0.16-1.05 .06
Age (above 50 years) 139 (87.4) 0.73 0.28-1.92 0.53 0.71 0.26-1.96 .51
HIV infection (yes) 88 (81.5) 0.69 0.38-1.24 0.22 0.78 0.41-1.48 .45
Hypertension (yes) 92 (90.2) 1.86 0.90-3.83 0.09 2.24 1.02-4.94 .049
Heart failure (yes) 31 (93.9) 2.91 0.68-12.51 0.15 3.1 0.70-13.75 .14
Stroke (yes) 34 (79.1) 0.63 0.28-1.39 0.25 0.57 0.24-1.35 0.2
Diabetes (yes) 14 (87.5) 1.24 0.27-5.6 0.78 0.93 0.19-4.53 0.93
Mechanical valves (yes) 155 (83.8) 0.83 0.48-1.42 0.49 Not included in the final model
Atrial fibrillation (yes) 59 (86.8) 1.18 0.55-2.52 0.68 Not included in the final model
Venous thromboembolism (yes) 104 (85.3) 1.01 0.56-1.84 0.96 Not included in the final model
Intracardiac thrombus (yes) 31 (83.8) 0.89 0.36-2.24 0.81 Not included in the final model
Smoking (yes) 21 (100) Predicted poor anticoagulation control perfectly therefore not included in the logistic regression

analysis
Pulmonary hypertension (yes) 9 (100) Predicted poor anticoagulation control perfectly therefore not included in the logistic regression

analysis

Abbreviations: OR, odds ratio; CI, confidence interval.
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reflection of what happens all the time. Using TTR, we were

also unable to provide information about over- or underanti-

coagulation. Nevertheless, this type of snapshot TTR assess-

ment has generally been used in most studies and has been

found to be better than other methods in assessing anticoagula-

tion control. Small sample sizes made it impossible for us to

statistically assess some factors known to be associated with

poor anticoagulation control. In addition, the association of

anticoagulation control and adverse events was not studied. It

is, however, known that poor anticoagulation control is asso-

ciated with both thrombotic and bleeding complications. A

study on factors associated with poor anticoagulation control

is, however, important given the high levels of suboptimal

control and is thus recommended.

Conclusion

The quality of anticoagulant therapy among patients on war-

farin therapy in Botswana patients is poor. Poor level of antic-

oagulation is associated with cigarette smoking, being

hypertensive, and pulmonary hypertension. The level of antic-

oagulation control did not vary with age, gender, dose, or indi-

cation of warfarin. Poor TTR reported in this study calls for

efforts to improve the level anticoagulation control among

patients on warfarin in Botswana.

Authors’ Note

JC Mwita contributed to concept of the study, data collection, data

analysis, and manuscript writing. JM Francis contributed to data anal-

ysis and interpretation; AA Oyekunle and MGMD Magafu contributed

in data interpretation and manuscript writing; M Gaenamong and M

Goepamang contributed in data collection. All authors read and

approved the final manuscript.

Declaration of Conflicting Interests

The author(s) declared no potential conflict of interest with respect to

the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-

ship, and/or publication of this article.

References

1. Hsu JC, Maddox TM, Kennedy KF, et al. Oral anticoagulant

therapy prescription in patients with atrial fibrillation across the

spectrum of stroke risk: insights from the NCDR PINNACLE

registry. JAMA Cardiol. 2016;1(1):55-62.

2. Lip GY, Laroche C, Dan GA, et al. ‘Real-World’ antithrombotic

treatment in atrial fibrillation: the EORP-AF pilot survey. Am J

Med. 2014;127(6):519-529.e1.

3. Greenblatt DJ, von Moltke LL. Interaction of warfarin with drugs,

natural substances, and foods. J Clin Pharmacol. 2005;45(2):

127-132.

4. Kaatz S. Determinants and measures of quality in oral antic-

oagulation therapy. J Thromb Thrombolysis. 2008;25(1):61-66.

5. Hirsh J, Fuster V, Ansell J, Halperin JL. American heart

association/American college of cardiology foundation

guide to warfarin therapy. J Am Coll Cardiol. 2003;41(9):

1633-1652.

6. Adjusted-dose warfarin versus low-intensity, fixed-dose warfarin

plus aspirin for high-risk patients with atrial fibrillation: stroke

prevention in atrial fibrillation III randomised clinical trial.

Lancet. 1996; 348(9028):633-638.

7. Mearns ES, White CM, Kohn CG, et al. Quality of vitamin K

antagonist control and outcomes in atrial fibrillation patients: a

meta-analysis and meta-regression. Thromb J. 2014;12:14.

8. Rosendaal F, Cannegieter S, Van Der Meer F, Briet E. A method

to determine the optimal intensity of oral anticoagulant therapy.

Thromb Haemost. 1993;69(3):236-239.

9. Connolly SJ, Pogue J, Eikelboom J, et al. Benefit of oral antic-

oagulant over antiplatelet therapy in atrial fibrillation depends on

the quality of international normalized ratio control achieved by

centers and countries as measured by time in therapeutic range.

Circulation. 2008;118(20):2029-2037.

10. Morgan CL, McEwan P, Tukiendorf A, Robinson PA, Clemens A,

Plumb JM. Warfarin treatment in patients with atrial fibrillation:

observing outcomes associated with varying levels of INR con-

trol. Thrombo Res. 2009;124(1):37-41.

11. van Walraven C, Jennings A, Oake N, Fergusson D, Forster AJ.

Effect of study setting on anticoagulation control: a systematic

review and metaregression. Chest. 2006;129(5):1155-1166.

12. Sarawate C, Sikirica MV, Willey VJ, Bullano MF, Hauch O.

Monitoring anticoagulation in atrial fibrillation. J Thromb Throm-

bolysis. 2006;21(2):191-198.

13. Haas S, ten Cate H, Accetta G, et al. Quality of vitamin k antago-

nist control and 1-year outcomes in patients with atrial fibrilla-

tion: a global perspective from the GARFIELD-AF registry. PloS

One. 2016;11(10):e0164076.

14. Singer DE, Hellkamp AS, Piccini JP, et al. Impact of global

geographic region on time in therapeutic range on warfarin

anticoagulant therapy: data from the rocket AF clinical trial.

J Am Heart Assoc. 2013;2(1):e000067.

15. Aithal GP, Day CP, Kesteven PJ, Daly AK. Association of poly-

morphisms in the cytochrome P450 CYP2C9 with warfarin dose

requirement and risk of bleeding complications. Lancet. 1999;

353(9154):717-719.

16. Limdi NA, Arnett DK, Goldstein JA, et al. Influence of CYP2C9

and VKORC1 on warfarin dose, anticoagulation attainment and

maintenance among European–Americans and African–Ameri-

cans. Pharmacogenomics. 2008;9(5):511-526.

17. Connolly SJ, Ezekowitz MD, Yusuf S, et al. Dabigatran versus

warfarin in patients with atrial fibrillation. N Engl J Med. 2009;

361(12):1139-1151.

18. Larsen TB, Skjøth F, Nielsen PB, Kjældgaard JN, Lip GY. Com-

parative effectiveness and safety of non-vitamin K antagonist

oral anticoagulants and warfarin in patients with atrial fibrilla-

tion: propensity weighted nationwide cohort study. BMJ. 2016;

353:i3189.

19. Eikelboom JW, Connolly SJ, Brueckmann M, et al. Dabigatran

versus warfarin in patients with mechanical heart valves. N Engl J

Med. 2013;369(13):1206-1214.
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