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Abstract
There is limited data on the bleeding safety profile of direct oral anticoagulants, such as rivaroxaban, in low- and middle-
income country settings like Kenya. In this prospective observational study, patients newly started on rivaroxaban or switching
to rivaroxaban from warfarin for the management of venous thromboembolism (VTE) within the national referral hospital in
western Kenya were assessed to determine the frequency of bleeding during treatment. Bleeding events were assessed at the
1- and 3-month visits, as well as at the end of follow-up. The International Society of Thrombosis and Hemostasis (ISTH) and
the Bleeding Academic Research Consortium (BARC) criteria were used to categorize the bleeding events, and descriptive
statistics were used to summarize categorical variables. Univariate and multivariate logistic regression model was used to cal-
culate unadjusted and adjusted associations between patient characteristics and bleeding. The frequency of any type of bleed-
ing was 14.4% (95% CI: 9.3%-20.8%) for an incidence rate of 30.9 bleeding events (95% CI: 20.1-45.6) per 100 patient-years of
follow-up. The frequency of major bleeding was 1.9% while that of clinically relevant non-major bleeding was 13.8%. In the
multivariate logistic regression model, being a beneficiary of the national insurance plan was associated with a lower risk of
bleeding, while being unemployed was associated with a higher bleeding risk. The use of rivaroxaban in the management of
VTE was associated with a higher frequency of bleeding. These findings warrant confirmation in larger and more targeted
investigations in a similar population.
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Introduction
Venous thromboembolism (VTE) is associated with substantial
morbidity and mortality. It is 1 of the leading causes of
disability-adjusted life years lost, especially in low- and
middle-income countries (LMICs).1,2

The management of VTE involves choosing among several
classes of anticoagulant medications, which vary considerably
in terms of ease of administration, drug–drug and drug–food
interactions, monitoring requirements, efficacy, safety, and
cost. The commonly used options include heparins, Vitamin
K antagonists (VKA, primarily warfarin), and direct oral antico-
agulants (DOACs).3–5 The DOACs offer several advantages
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over other treatment options including fixed-dosing, no need for
routine monitoring, faster onset of action (negating the need for
bridging therapy), fewer drug–drug and drug–food interactions,
and a lower risk of major bleeding. These agents were approved
on the basis of landmark clinical trials evaluating their use in the
management of VTE.6–9 In the EINSTEIN trials, rivaroxaban
was shown to be non-inferior to warfarin with regard to the
primary efficacy outcome (recurrent VTE), while having a sig-
nificantly lower risk of major bleeding8,9; critically, a signifi-
cantly lower risk of intracranial hemorrhage (ICH).10 These
observed trends apply to the entire class of DOACs, as shown
in a meta-analysis by van Es et al.11 While the lower risk of
ICH seems to be a class effect, the impact of DOACs on
other bleeding outcomes seems to be more varied. On the
other hand, rivaroxaban has been associated with an increased
risk of gastrointestinal bleeding in some12–14 but not all
studies,15 particularly in patients with cancer.16 Even for the
outcome of ICH, there seems to be a differential risk among
the various DOAC agents, with rivaroxaban seemingly being
associated with the greatest risk among the DOACs, albeit
still better than using warfarin.17 The above notwithstanding,
the second update of the CHEST Guideline and Expert Panel
Report recommends the use of DOACs over VKAs for the ini-
tiation and treatment phases of anticoagulant therapy for VTE
patients. Among patients with cancer, DOACs are recom-
mended over low molecular weight heparin (LMWH).14

Unfortunately, from published literature, there is only
limited investigation on populations of African descent, as the
majority of patients enrolled in these studies were white, with
black patients making up less than 5% of the DOAC arms.
Only the EINSTEIN-DVT and the Hokusai-VTE trials included
patients from Africa, all of whom were from South Africa,
who made up 3.7% and 4.4% of the study populations,
respectively.8,18

Several post-marketing observational studies have been pub-
lished since the EINSTEIN trials, focusing on the real-world
efficacy and safety of rivaroxaban in the management of

VTE. A summary of the findings from these studies is presented
in Table 1. These studies have largely re-affirmed the efficacy of
rivaroxaban. However, the findings regarding the frequency of
bleeding are varied. These variable findings could be attributed
to different study methodologies, different follow-up durations,
and different study populations. Most of these have been con-
ducted outside Africa, predominantly in Europe. Only the
XALIA-LEA and the GARFIELD-VTE studies enrolled
patients from Africa; only the former included patients from
Kenya: 12 out of a total of 1285 participants.20,25

These findings highlight the importance of conducting
phase IV post-marketing studies that track the real-world
experiences when medications are introduced into varied
populations that might otherwise not be sufficiently repre-
sented in clinical trials.

One of the main factors contributing to the limited use of
DOACs in LMIC settings in Africa is the prohibitive cost that
has limited access, especially to patients who rely on the
public health sector. In response, the Anticoagulation Clinic
based at Moi Teaching and Referral Hospital (MTRH)
(Eldoret, Kenya) has partnered with Bayer® East Africa
Limited to provide rivaroxaban (the second FDA-approved
DOAC after dabigatran) at a subsidized price. This has
expanded access to the medication to a public sector patient
population that did not previously have access and is not typi-
cally included in clinical trials. While several large-scale ran-
domized controlled trials including participants from Africa
have recently been completed, there are limited data on the real-
world experiences with DOACs when used in routine care in
public sector settings in this region.28

Given the dearth of real-word evidence of the use of DOACs
in patients of African descent, and in low-resource settings such
as Kenya, we sought to characterize the real-world bleeding-
related side effects observed when utilizing rivaroxaban for
the management of VTE among patients in the public sector
with newly identified anticoagulation needs and for patients
switching from warfarin to rivaroxaban.

Table 1. Summary of Efficacy and Safety Data for Rivaroxaban in VTE.

Study N
Mean
Age (y)

Mean Follow-Up
Duration (Days)

VTE Recurrence
(%)

Any
Bleed (%)

Major
Bleed (%)

GI Bleed
(%)

ICH
(%)

CRNMB
(%)

EINSTEIN-DVT8 1731 55.8 365 2.1 a 0.8 a <0.1 7.3
EINSTEIN-PE9 2419 57.9 365 2.1 a 1.1 a a 9.5
XALIA19 2619 59 239 1.4 11.4 0.7 0.1 0.2 a

XALIA-LEA20 1285 59.6 184 1.4 7.6 1.6 0.9 0.2
Pooled XALIA & XALIA-LEA21 3904 58 225 1.4 10.1 1.0 0.4 0.2 a

HOT-PE22 519 57 90 0.6 a 1.2 10.9 a 6.0
ROSE23 1532 63 84 a a 1.5 0.7 0.1 4.9
Dresden24 418 61 911 1.9 45.5b 3.8 a a 17.7
GARFIELD-VTE25 4791 61 365 3.7 9.1 1.5 0.5 0.1
Remote-V26 308 62 180 1.4 a 1.1 0.4 0 4.3
FIRST27 1262 59 607 0.6 10.4 0.9 1.8 a 6.4

Abbreviations: CRNMB, clinically relevant non-major bleeding; VTE, venous thromboembolism; ICH, intracranial hemorrhage.
aNot reported.
bDefined by the authors as any bleeding requiring medical attention.
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Methods

Study design
This analysis was part of a broader prospective observational
study assessing the pharmaco-economic considerations of rivar-
oxaban versus warfarin conducted at the Anticoagulation Clinic
of MTRH, Eldoret, Kenya. The objective of this analysis was to
determine the safety of rivaroxaban in the management of VTE
in a Kenyan cohort.

Study site
The clinic provides comprehensive services including INR
testing, direct medication dispensation in pill boxes as indi-
cated, and management of adverse drug reactions in 1 conve-
nient location. The clinic is staffed by clinical officers,
pharmaceutical technologists, and clinical pharmacists and
guided by protocols developed in conjunction with cardiolo-
gists who are available for consultation in the event of compli-
cations or clinical concerns.

Study population, consent, and ethical approval
The study population included patients diagnosed with VTE
being managed by the MTRH anticoagulation clinic who pro-
vided informed consent for participation in the study. This
included patients being treated with rivaroxaban from the
onset of VTE diagnosis as well as patients transitioning from
warfarin to rivaroxaban. The study was approved by the
Institutional Review and Ethics Committee (IREC) at Moi
University/MTRH.

Enrollment began in March 2020 and was completed at the
end of March 2021. Participants were required to be 18 years or
older, have a confirmed VTE diagnosis, follow up with the
MTRH Anticoagulation Team (inpatient/outpatient), and
provide written informed consent, individually or via next of
kin. Participants were excluded if they were pregnant or breast-
feeding (due to rivaroxaban being pregnancy category C and
our protocol recommendation of LMWH for VTE in preg-
nancy) or if they were participating in another study. This
study was conducted during the height of the COVID-19 pan-
demic, and patients who declined participation were able to
access rivaroxaban if they were appropriate clinical candidates.
The restrictions on travel and clinic operation as a result of
government-mandated COVID-19 lockdowns made DOACs
an especially desirable treatment option during this time as
the need for frequent follow-up and travel to clinics was
reduced.

Sampling and interventions
Convenience sampling was employed to enroll patients into the
study. Patients with newly diagnosed VTE and initiating antico-
agulation therapy were placed on rivaroxaban (Xarelto® sup-
plied by Bayer® as part of an Access Program)15 mg twice

daily for 3 weeks, after which their dose was transitioned to
20 mg daily for the intended duration of anticoagulation.
Patients previously on warfarin were transitioned to rivaroxa-
ban at 20 mg daily, provided the INR at the time of the
switch was <3.0. When patients had an INR above 3.0, rivarox-
aban was started 3 days later.

Data collection
Data were collected over the course of patient follow-up at the
clinic including at the initial encounter (upon enrollment into
care), at the end of 1 month, and at 3 months (scheduled antico-
agulation stop date for the majority of patients). Each of these
data collection times was designed to coincide with the antici-
pated routine clinic appointments. At the first encounter, demo-
graphic information (age, sex, marital status, residence), clinical
information (details of VTE diagnosis, comorbidities, liver
function, renal function, concurrent medications), socioeco-
nomic information (employment status, income source, insur-
ance, education, family, transportation), and consent for
participation were obtained. At the subsequent visits, additional
clinical information (VTE recurrence, bleeding episodes,
adverse drug reactions, new comorbidities, symptoms of liver
and renal dysfunction, and concurrent medications) was
obtained. Clinical events (recurrent VTE, bleeding events,
other adverse reactions) were verified and evaluated by the cli-
nicians at the anticoagulation clinic. The means by which these
events were evaluated was left to the discretion of the treating
clinicians, using the relevant treatment guidelines. Patients
unable to make clinic appointments were contacted via their
respective mobile phone numbers on file to address any
safety concerns arising from medication use.

Data analysis
Data analysis was carried out using the Stata ® statistical soft-
ware package (College Station, TX). Data were censored for
patients who were lost to follow-up. The baseline characteris-
tics were compared between patients starting anticoagulation
with rivaroxaban and those switching from rivaroxaban by
means of the Student’s t-test, with the corresponding P
values. Bleeding frequencies were summarized for the
overall study cohort as well as by categorical variables
using descriptive statistics including the calculation of 95%
confidence intervals around the mean bleeding frequency.
Bleeding events and the frequency of events were categorized
according to the recommendations of the Bleeding Academic
Research Consortium (BARC).29 For comparative purposes,
bleeds were also classified as per the International Society
of Thrombosis and Hemostasis (ISTH) definitions.30 The
incidence proportion of major bleeding and/or clinically rele-
vant non-major bleeding (CRNMB) in the current study was
compared with that in the landmark EINSTEIN trials. This
was done while cognizant of the fact that the study popula-
tions being compared were somewhat different, owing to
the limited recruitment of individuals from Sub-Saharan
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Africa as well as the stricter inclusion criteria adopted in the
EINSTEIN trials. The bleeding rate from the EINSTEIN trials
was therefore utilized as the most representative description
of the bleeding rate in the general population for the compar-
ison with this cohort. A 2-tailed Chi-square test was used to
compare the frequency of bleeding among patients started
on rivaroxaban versus those making the switch from warfarin.
Unadjusted odds ratio for bleeding was calculated.

Univariate, unadjusted analyses were completed using logis-
tic regression to determine which characteristics (switch from
warfarin, gender, age >60, current marital status, presence of
comorbid cancer or cardiovascular disease, distance from
clinic, transport costs, education level, type of employment,
enrolled in NHIF, and baseline INR) were associated with an
increased risk of any type of bleed. Univariate associations
with a P-value <.1 were then included within a multivariate
logistic regression model to determine if statistically significant
associations persisted after adjustment.

Results
A total of 224 patients were screened for enrollment, and 166
were enrolled into the study as depicted in Figure 1. Five patients
were lost to follow-up (3.0%), and 1 participant was removed
from the study due to pregnancy leading to the final analysis
including 160 patients. Of these, 116 were female (72.5%) and
44 were male (27.5%) with a median age of 49 years (IQR,
36-62) as seen in Table 2. Participants switching from warfarin
to rivaroxaban were significantly older than those initiating anti-
coagulation with rivaroxaban; mean age (SD) 53.7 (16.5) versus
46.7 (14.9), mean difference 7 (95% CI 2.1-11.9, P-value <.01).
There were no significant differences between the patient groups
with regard to other demographic and clinical characteristics.

Of the 160 patients included in the final analysis, 128 patients
(80%)had lower limbdeepvenous thrombosis (DVT), 20 (12.5%)
presented with only PE, 7 had both DVT & PE (4.4%) while 5
(3.1%) had DVT not involving the lower limbs (see Table 2).

Figure 1. Study flow diagram.
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Occurrence of bleeding
The frequency of any type of bleeding in the entire cohort over
the study period was 14.4% (95% CI: 9.3%-20.8%). None of
the patients whose data were censored had suffered an event
at the time of censoring.

Among all patients (n=23) who suffered a bleeding event,
the majority of these occurred among female patients (19 of
23; 82.6%). Based on the total duration of follow-up for the
study participants, this translates to an incidence rate of 30.9
bleeding events (95% CI, 20.1-45.6) per 100 patient-years of
follow-up. The frequency of bleeding among patients with dif-
ferent VTE diagnoses was 14.1%, 20%, and 16.7% among
patients with DVT, PE, and DVT and PE, respectively. The dif-
ference in the frequency of bleeding was not statistically differ-
ent between patients with different VTE diagnoses: DVT versus
PE (difference: 5.9%, 95% CI −2.99%-16.4%); DVT versus
DVT and PE (difference: 2.6%, 95% CI −3.0%-35.5%);
PE versus DVT and PE (difference 3.3%, 95% CI −35.4%-
16.3%). Among patients newly started on rivaroxaban, most
of the bleeds occurred in the first 3 weeks (8 of 13, 61.5%),
while most bleeds among patients switching from warfarin
occurred after 3 weeks, (8 of 10, 80%) as seen in Table 3.

Among patients switching from warfarin to rivaroxaban, the
frequency of bleeding was 13.2% (95% CI: 6.5%-22.9%) and
15.7% (95% CI: 8.6%-25.3%) for those starting anticoagulation
with rivaroxaban. The frequency of bleeding was not statisti-
cally significantly different between the 2 different rivaroxaban
initiation strategies used in this study. Across all patients on
rivaroxaban, the frequency of major bleeding was 1.9%,
while that of CRNMB was 11.9%, for a combined first major
bleeding and/or CRNMB rate of 13.8%. This translates into a
major bleeding incidence rate of 4.0 (95% CI, 1.0-10.9) per
100 patient-years of follow-up. The incidence rate for

CRNMB was 29.5 (95% CI, 18.9-43.9) per 100 patient-years
of follow-up.

As outlined in Table 4, all but 4 of the bleeds were classified
as CRNMB according to the ISTH classification system and ≤
type 2 bleed on the BARC scoring system.

Most of the documented bleeds involved vaginal bleeding/
heavy menses. As shown in Table 3, the CRNMB were
resolved by modifying the dose, temporarily or permanently
discontinuing rivaroxaban, or continuing treatment. The major
bleeds involved the urinary tract for 2 patients, and the gastro-
intestinal tract for 1 as seen in Table 5. None of these bleeding
events were fatal or resulted in hospitalization. Patients with
major bleeds were able to permanently discontinue treatment
with rivaroxaban without any further complications or sequelae.

Just over half of the patients who suffered a bleeding event
(12 of 23; 52.2%) had a known risk factor for bleeding31; see
Table 6.

The analysis of potential associations between the increased
risk of bleeding and patient characteristics illustrated that
having the Kenyan Government’s National Hospital Insurance
Fund (NHIF) was the only factor that was associated with a
lower risk of bleeding, while being unemployed was the only
factor that was associated with a higher risk of bleeding.
These were the only statistically significant associations in
both the adjusted and unadjusted analysis as seen in Table 7.

Discussion
In routine care in the public sector, 14.4% of Kenyan patients
with VTE starting anticoagulation with rivaroxaban, or switch-
ing from warfarin, experienced a bleeding event. Most of these
were clinically relevant non-major bleeds (19 of 23; 82.6%).
Compared with a previously published study from the same

Table 2. Demographic and Clinical Characteristics of the Study Population.

Variable
New on
Rivaroxaban (n=84)

Switched From Warfarin to
Rivaroxaban (%) (n=76)

Combined
(n=160) P-Value

Mean age (SD) 46.7 (14.9) 53.7 (16.5) 50 (17.2) .01*
Median age (IQR) 44 (26.5) 54 (22.5) 49 (36-62)
Mean follow-up duration (days) 166.1 174.4 170.1
Male 27 17 44 (27.5%) .08
Female 57 59 116 (72.5%) .08
Presence of comorbidity 49 43 92 (57.5%) .82
Use of NSAIDS/antiplatelet agents 5 7 12 (7.5%) .44
VTE diagnosis Lower limb DVT only 69 (82.1%) 59 (77.6%) 128 (80%) .24

PE 11 (13.1%) 9 (11.8%) 20 (12.5%) .41
DVT & PE 2 (2.4%) 5 (6.6%) 7 (4.4%) .10
Sagittal sinus thrombosis 1 (1.2%) 0 (0) 5 (3.1%) NA
Sigmoid sinus thrombosis 0 (0) 1 (1.3%) NA
Transverse sinus thrombosis 0 (0) 1 (1.3%) NA
Mesenteric vein thrombosis 1 (1.2%) 0 (0) NA
Proximal jugular vein
thrombosis

0 (0) 1 (1.3%) NA

*Denotes statistically significant difference (P-value for significance: <.05).
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clinic, prior to the availability of rivaroxaban, the frequency of
any bleeding among patients with VTE was significantly
higher, 30.3% (95% CI, 22.0%-38.5%; P<.05)32 than the rivar-
oxaban cohort analyzed here. Furthermore, the frequency of
any bleeding event observed in the present study is similar to
that reported in other observational studies completed in other
populations (see Table 1).

Higher rates of first major bleed and/or CRNMB were
observed in this study compared with landmark trials, such as
EINSTEIN-DVT8 (13.8% vs 8.1%, P<.01). The higher bleed-
ing rates observed in this study relative to those observed in
the landmark EINSTEIN studies could be attributable to the
small size of the current study, less frequent follow-up, and
pharmacogenomic differences in the study populations (major-
ity of the participants in the EINSTEIN trials were Caucasian
patients from high-income countries), as well as the non-
randomized nature of the present study.33,34

The population from which the study participants were
drawn is characterized by a relatively high prevalence of comor-
bidities associated with an increased risk of bleeding, specifi-
cally, hypertension and chronic kidney disease (CKD). Africa
has the highest prevalence of hypertension in the world, esti-
mated at 46% of the population above 25 years old,35 against

a global prevalence of 32% in women and 34% in men.36

The prevalence of CKD in Africa is estimated at 15.8%,37

against a global, age-adjusted prevalence of 10.4% in men
and 11.8% in women.38 In Kenya, the prevalence of hyperten-
sion and CKD is estimated at 34.7% and 14.4%, respectively.37

Of concern is the fact that only about 49% of patients in Kenya
are aware that they are hypertensive, and a dismal 7.7% of
hypertensive patients are currently controlled on therapy.36

The synergy of these risk factors, in combination with others
not identified in the course of the study, may partly explain
the high incidence of bleeding events.

In the rivaroxaban arm of the INVICTUS trial (which
enrolled patients from low-income countries, albeit with a dif-
ferent indication for anticoagulation), the cumulative frequency
of major and/or CRNMB was 4.5%.28 The frequency of major
bleeding was 1.8%, similar to that seen in the present study. The
frequency of CRNMB was much lower, however, at 2.9% com-
pared with that seen in our cohort at 13.8%. The lower fre-
quency of CRNMB might be attributed to the larger study
size of the INVICTUS trial, as well as the lower intensity of
anticoagulation, at least for the first 3 weeks. In addition, the
dose of rivaroxaban in the INVICTUS trial was adjusted
based on renal function. In the present study, the lack of

Table 3. Timing of Rivaroxaban Bleeding Adverse Events.

Timing of Bleed Intervention

Median Time To
Bleed (Days)

Total no. of Patients with
a Bleed in First 21 Days (%)

Dose
Modification

Permanent
Discontinuation

Temporary
Discontinuation

Continue with
Same Dose

New to rivaroxaban 14 8/13 (61.5) 7 0 5 1
Switch from warfarin
to rivaroxaban

28 2/10 (20) 1 3 6 0

Table 4. Assessment of Bleeding Severity.

Total no. of Patients
Experiencing Bleeds

Total no. of
Episodes

BARC Bleeding
Categorization Type ISTH Bleeding Classification

1 2

3a
or
3b 4

5a
or
5b

Fatal
Bleeding

Major
Bleeding

Clinically
Relevant
Non-Major
Bleed

Non-clinically
Relevant
Minor Bleed

New to rivaroxaban 13 25 1 12 0 0 0 0 0 12 1
Warfarin to
rivaroxaban switch

10 21 0 10 0 0 0 0 3 7 0

Table 5. Summary of Bleeding Events by Location.

Bleeding Location

Vaginal Bleeding/
Heavy Menses

Lower Limb
Ulcer Bleeding Hemoptysis

Gum
Bleed

GI
Bleed Hematuria Hematochezia Epistaxis

New to rivaroxaban 9 1 1 0 0 0 1 1
Switch from warfarin to
rivaroxaban

2 0 3 3 1 2 0 0

6 Clinical and Applied Thrombosis/Hemostasis



information regarding renal function precluded such dosage
adjustments and reflects the real-world challenges with manag-
ing VTE in low-resource settings.

The elevated risk of bleeding is of even greater concern in
settings like MTRH, as reversal agents, such as andexanet-alfa,
are not available in Kenya. Reversal is therefore much more
challenging than with more commonly used anticoagulant med-
ications such as warfarin and heparin. Fortunately, the prompt
follow-up and phone-based support provided by the anticoagu-
lation clinic at MTRH helped prevent the clinical sequelae that
patients may have experienced with continued use of rivaroxa-
ban in the presence of a minor bleed. As access to DOACs con-
tinues to increase in LMIC settings, it is important that clinics
establish infrastructure to quickly respond to any bleeding com-
plications, regardless of severity, which may arise through
routine use.32

The observation of the decreased risk of bleeding among
those with NHIF could be potentially explained by non-
specific advantages that patients in a higher socioeconomic
group experience when managing their health care needs.
This finding is consistent with our finding that unemployed
populations experienced a higher risk of bleeding. This is

consistent with several studies reporting an association
between lower socioeconomic status and a higher bleeding
risk among patients on anticoagulation for various indications
(VTE39,40; mechanical heart valves41; atrial fibrillation42). In
Kenya, all formally employed citizens and their families are
automatically enrolled into NHIF, whereas unemployed and
informally employed individuals must pay a monthly fee to
retain NHIF coverage. These findings highlight the impor-
tance of conducting real-world studies to identify trends
that may compromise the care of certain populations. Based
on these findings, we are increasing our efforts to provide
more proactive phone-based follow-up for patients without
insurance and lower socioeconomic status groups to
improve our ability to more promptly identify clinically rele-
vant bleeds across our entire population.

Strengths and limitations
A key strength of this study is that this represents 1 of the first
studies looking at the real-world use of rivaroxaban among
patients of Kenyan descent with VTE and provides estimations
of the risk of bleeding when used in commonly encountered

Table 6. Distribution of Risk Factors for Bleeding Among Patients With Rivaroxaban Bleeding Adverse Events.

New on Rivaroxaban
(Number with Bleed)

Switch From Warfarin to
Rivaroxaban (Number with Bleed)

Total (Number
with Bleed)

Risk factors for bleeding Hypertension 14 (1) 10 (1) 24 (2)
Abnormal liver function a a a

Abnormal kidney function a a a

Stroke 1 (0) 5 (1) 6 (1)
Bleeding diathesis/predisposition a a a

Labile INR Not applicable a a

Elderly (age>65 years) 14 (2) 19 (4) 33 (6)
Drugs/alcohol 3 (0) 5 (1) 0
Diabetes 3 (0) 5 (1) 8 (1)
Malignancy 15 (2) 6 (0) 21 (2)

aCould not be assessed due to missing data; () Denotes number of patients with the risk factor who experienced a bleeding event.

Table 7. Associations with Rivaroxaban Bleeding Adverse Events Based on Sociodemographic and Clinical Characteristics.

Bleeding Risk Coefficient 95% CI P-Value Adjusted Coefficient P-Value for Adjusted Risk

Switch from warfarin −0.19 −1.10-0.70 .68
Female gender 0.67 −0.47-1.81 .25
Age ≥60 years −0.01 −0.97-0.95 .98
Currently married −0.15 −1.08-0.78 .75
Pulmonary embolus 0.38 −0.72-1.47 .50
Comorbid cancer −0.67 −1.38-1.23 .91
Comorbid cardiovascular disease −0.71 −1.99-0.56 .28
Distance from clinic ≥100 km

0.47 −0.73-1.67 .45
Transport costs ≥2000 −.09 −1.65-1.46 .91
No formal education 0.36 −0.98-1.67 .60
Baseline INR ≥3.5 1.13 −0.41-2.68 .15
Unemployed 2.04 0.55-3.53 .01 1.99 (0.47-3.5) .01*
Enrolled in NHIF −1.68 −2.63-−0.75 .01 −1.63 (−2.60-−0.66) .01*

*P-value for significance: ≤.05.
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clinical scenarios. As seen with numerous medications, includ-
ing those used for anticoagulation, considerable pharmacogeno-
mic variability between different races and ethnicities can
impact the efficacy and toxicity of medications. While the
higher bleeding risk observed in this study compared with find-
ings from randomized controlled trials needs to be confirmed in
larger scale post-marketing studies, it highlights the importance
of increasing the inclusion of understudied populations in future
assessments.

Despite these strengths, the study had several key limita-
tions. The emergence of the COVID-19 pandemic caused
significant disruptions to routine care at the clinic. This
resulted in a slower than expected accrual of patients into
the study and more sporadic follow-up as patients were
encouraged to minimize clinical visits. Information regard-
ing the patient’s organ function (hepatic and renal) was not
available at recruitment as these tests were not routinely per-
formed unless symptomatic renal or liver dysfunction was
observed. In addition, the additional cost of these investiga-
tions constitutes a significant barrier to many patients in a
resource-limited setting. This omission may have led to
some patients being on higher doses of rivaroxaban than rec-
ommended for their baseline organ function and subse-
quently, increasing their bleeding risk while on treatment.
The lack of sufficient information on the presence of vali-
dated risk factors for anticoagulant-associated bleeding pre-
cluded an analysis of what role these risk factors play with
regard to the bleeding risk in our population. While adher-
ence was not formally assessed, drug refill patterns suggested
high levels of adherence. Several patients transitioning from
warfarin to rivaroxaban had supra-therapeutic INRs at the
baseline clinic visit, potentially impacting their subsequent
bleeding risk. However, the timing of bleeding events in
this sub-group did not seem to suggest that this impacted
the bleeding risk. Owing to the observational nature of the
present study, there is potential for under-reporting and/or
selective reporting of events, resulting in an under- or over-
estimation of the outcomes of interest. The evaluation of
patients for inherited and acquired risk factors for VTE was
not exhaustive, mainly due to the inability to afford the
required investigations.

Conclusion
The results from our observational investigation merit addi-
tional investigation of the use of DOACs in Kenyan populations
to confirm the findings of elevated bleeding risk compared with
those found in large-scale trials comprised primarily of
Caucasian populations.

Abbreviations
DALY disability-adjusted life year
DVT deep venous thrombosis
DOACs direct oral anticoagulants
LMIC low- and middle-income countries

NSAIDs non-steroidal anti-inflammatory drugs
PE pulmonary embolism
VKA vitamin K antagonist
VTE venous thromboembolism.
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