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Introduction. Pharmacogenetics is a potential approach that can be applied to decline the burden of rivaroxaban’s ADRs. The
current systematic review and meta-analysis aim to identify genetic variants correlated with rivaroxaban exposure and evaluate
their importance. Methods. We systematically searched PubMed, Web of Science, and Scopus databases for all observational and
interventional studies. The fixed effect method was used to pool the data when the Q-test’s p value was higher than 0.1. We used
random models when the p value was less than 0.1. Results. Data from ten studies (4721 participants) were analyzed in the current
review. Qualitative synthesis from included studies found that two variants of ABCBI (rs1045642 and rs2032582) and one variant
of APOB (rs13306198) are potential contributors to rivaroxaban concentrations. Both wild homozygotes (AA) and heterozygotes
(AC) of rs1045642 have significantly lower rivaroxaban concentrations compared to mutated homozygotes (CC) (SMD = 0.516,
95% CI: 0.115 to 0.917; SMD = 0.772, 95% CI: 0.088 to 1.455, respectively). Nevertheless, pooling unadjusted odds ratios did not
yield a statistically significant correlation between rivaroxaban ADRs and genetic mutations. Conclusion. This study revealed that
being an AC or CC for rs1045642 is attributed to a considerably higher rivaroxaban level in participants using rivaroxaban. That is
to say, rs1045642 is a remarkable predictor of rivaroxaban metabolism. We concluded that identifying rs1045642 before drug
administration might decrease ADRs although further studies adjusted for potential confounders are strongly suggested.

1. Introduction

Adverse drug reactions (ADRs) are hazardous reactions that
result from using a medicinal product [1]. These unintended
reactions burden patients [2-4]. Developed countries’
healthcare systems undertake various strategies to reduce
this burden, including educating clinicians and patients,
enhancing platforms to report ADRs, providing ADR
management guidelines, and producing safer drugs and
antidotes [5-9]. Unlike strategies that focus on managing
patients diagnosed with an ADR, methods such as phar-
macogenetics concentrate on predicting an ADR before drug
administration [10].

Pharmacogenetics is a well-established strategy that
analyses how patients’ genetic content influences drug
metabolism [11, 12]. That is to say, amending the therapeutic

approach based on the genetics of each patient leads to
a lower risk of insufficient drug response and ADRs [13].

Both ADRs and insufficient drug responses of antico-
agulants are potentially life-threatening [14]. Studies illus-
trated that although conventional anticoagulants such as
warfarin have relatively lower efficacy than anti-Xa drugs
such as rivaroxaban, rivaroxaban correlates with a higher
risk of ADR, mainly gastrointestinal bleeding (GIB) [15]. As
rivaroxaban is the oral anticoagulant of choice in low-
income settings due to its reasonable price and cost-
effectiveness, its prescription may impose a substantial
burden on healthcare systems that are not prepared to
manage an increased number of patients presenting with
life-threatening bleeding. In other words, one of the re-
quirements for the completion of the replacement of war-
farin by rivaroxaban in the guidelines is to develop a reliable
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method to predict rivaroxaban’s ADRs before drug ad-
ministration [16]. The current study aims to perform
a systematic review and meta-analysis to evaluate the efficacy
of the pharmacogenetic approach in preventing
rivaroxaban ADRs.

2. Methods

The current review was based on Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) [17].

2.1. Study Question. Is the pharmacogenetic approach ef-
fective in the prevention of rivaroxaban ADRs?

2.2. Search Strategy. Through this systematic search of
original papers, under the approved protocol, title, abstract,
and keywords of all observational and interventional studies,
including cross-sectional studies, case-control, clinical trials,
and cohorts, were searched in PubMed, Web of Science, and
Scopus databases. To evaluate the efficacy of the pharma-
cogenetic approach in preventing rivaroxaban ADRs
through systematic search, two independent researchers
searched for relevant published and peer-reviewed scientific
papers. The search terms were developed, concentrating on
two primary roots of “rivaroxaban” and “genes, genetics,
pharmacogenomics, pharmacogenetics, and personalized
medicine.” There was no limitation on the paper’s language
and time of publication. For documents other than English
and Persian, necessary arrangements were made for their
specialized translation. The search strategy is demonstrated
in Supplementary Table 1.

2.3. Inclusion Criteria. We included studies that considered
rivaroxaban concentration, AUC, and ADR as the outcome
in which cases with different genotypes were compared.
Moreover, the included studies were case-control, cohort,
clinical trial, and cross-sectional studies. We refined the
searches for studies with human subjects without re-
strictions on language and publication year. Moreover, there
was no limitation on the age of the participants in the
studies. All nonrelevant publications or those that did not fit
the abovementioned criteria were excluded. Furthermore,
we also excluded all articles with duplicate citations.

2.4. Study Selection. Two independent researchers refined
the relevant studies based on the inclusion criteria by going
through three steps of data refinement, including titles,
abstracts, and full-text review. A probable discrepancy be-
tween them was resolved by referencing the opinion of
a third expert.

2.5. Data Management. The bibliographic information of
the searched documents was saved on the EndNote software
for further reference management. The required information
was extracted and entered into Excel spreadsheets. Data
collected according to a standard protocol, including data on
citation information, type of study, sample size, exposure,
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outcome, age, and sex distribution of participants, were
filled. Two independent researchers were involved in this
process, and any probable discrepancy between them was
resolved by referencing the opinion of a third expert.

2.6. Risk of Bias (Quality Assessment). For observational
studies, quality assessment was conducted using the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statement consisting of a checklist
comprising 22 items that researchers should consider when
reporting observational studies [18]. Consolidated Standards
of Reporting Trials (CONSORT), which consists of
a checklist comprising 25 items, was used for the quality
assessment of the included trial [19].

2.7. Data Analysis. The statistical analysis was carried out
using Stata software, version 14. A p value of 0.05 or lower
was considered statistically significant.

The fixed effect method was used to pool the data when
the Q-test’s p value was higher than 0.1. We used random
models when the p value was less than 0.1.

The meta-analysis was performed when two or more
studies reported similar exposures, outcomes, and con-
founding control. A forest plot was used to present the result
of the meta-analysis schematically. Egger’s test estimated
publication bias.

3. Results

3.1. Systematic Review. Overall, 245 records were yielded
based on our search strategy. After removing duplicated
studies and assessing studies based on their title, abstracts,
and full texts, ten studies evaluating the correlation between
genetic variants and rivaroxaban ADRs were included in our
study. Figure 1 demonstrates the PRISMA flow diagram of
the systematic search.

3.2. Characteristics of Included Studies. Table 1 shows the
characteristics of the included studies. Five of the included
studies report data from patients presenting with atrial fi-
brillation. Also, four studies assessed patients receiving
rivaroxaban due to atrial fibrillation or other medical in-
dications. Gouin-Thibault et al.’s study is the only included
study showing data from healthy volunteers. This record was
the only study designed as a clinical trial. Eight and one of
the included papers were cohorts and cross-sectional studies,
respectively. Overall, data from 4721 participants (61.4%
males) were included in this study.

3.3. Risk of Bias (Quality Assessment) Findings. Findings of
quality assessment based on STROBE and CONSORT
showed that all included studies were categorized into one
group and had a high or relatively high quality (more than 16
out of 22 for descriptive studies and 21 out of 25 for the
clinical trial). The results of the quality assessment are il-
lustrated in Supplementary Table 2.
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FiGURe 1: PRISMA flow diagram of included studies.

3.4. Qualitative Analysis. Our study illustrates the correla-
tion of rivaroxaban ADRs or concentrations concerning
genetic variants. Six genes (ABCB1, CYP3A4, CYP3AS5,
CYP2J2, ABCG2, and APOB) and fifteen mutations were
evaluated in the current paper. To address the outcomes of
the study, we extracted three main domains of variables:
drug concentrations (maximum and minimum concentra-
tion), AUC (the area under the plasma drug concentration-
time curve, which reflects body exposure to rivaroxaban),
and ADRs (thrombotic and bleeding-related indices such as
their incidence and prothrombin time).

As shown in Table 2, all unadjusted included studies re-
ported nonsignificant data regarding the association of odds of
ADRs and genetic variants. On the contrary, Yoon et al.’s study,
which was the only adjusted study (adjusted for sex, age,
overdose, rivaroxaban, anemia, and other genetic variants),
demonstrated that being a carrier of rs1045642 or rs13306198
almost triples the odds of bleeding (OR for rs1045642 = 2.44,
95% CI: 1.07 to 5.58; OR for rs13306198 = 3.00, 95% CI: 1.39 to
6.47) [28]. Similarly, an adjusted prospective cohort indicated
that the presence of rs1045642 decreases the hazard of
a thromboembolic event by 58 percent (adjusted HR =0.42,
95% CI: 0.18 to 0.98), which is a consequence of reduced
rivaroxaban exposure [20].

Inline with the findings regarding ADRs, Sychev et al.’s
study revealed that rs1045642 is correlated with a decreased
maximum concentration of rivaroxaban [26] although data
from Nakagawa et al’s study did not indicate significant
results [24].

Three studies considered AUC as the outcome of the
association of rivaroxaban and genetic variants [21, 23, 25].
None of these studies demonstrated a significant link be-
tween genetic variants and rivaroxaban AUC.

3.5. Quantitative Analysis. Six records included in the
qualitative synthesis reported distinct measures of associa-
tion, which were not poolable with each other. Four studies
were included in the quantitative synthesis. We undertook
two approaches for meta-analysis. Initially, we included two
records to evaluate genetic variants’ effects on rivaroxaban
concentration. In the second approach, in two other records,
we assessed the effects of each variant on ADRs associated
with rivaroxaban.

3.5.1. Genetic Variants and Drug Concentrations. Our
analysis based on pooling maximum concentration of
rivaroxaban not only showed that CC of rs1045642 has
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FIGURE 2: Forest plot of meta-analysis: (a) CC vs. AA and (b) AC vs. AA.

significantly lower rivaroxaban concentration compared
with AA (SMD =0.516, 95% CI: 0.115 to 0.917) (Figure 2(a))
but also AC has significantly higher concentrations com-
pared with AA (SMD =0.772, 0.088 to 1.455) (Figure 2(b)).
In other words, our findings showed that TT and CT patients
have 12.92ng/mL and 18.85ng/mL lower concentrations
than CC patients. Egger’s test did not demonstrate a con-
siderable publication bias (0.06, 95% CI: —0.02 to 0.14, p
value =0.168). Meta-analysis results are summarized in
Table 3.

3.5.2. Genetic Variants and Odds of ADRs. As shown in
Table 4, pooling unadjusted ORs showed that the odds of
bleeding were not statistically different in carriers of
rs2032582 or rs1045642. Egger’s test did not show a con-
siderable publication bias (-0.12, 95% CI: —0.32 to 0.08, p
value =0.231).

4. Discussion

Our qualitative synthesis pointed out that two variants of
ABCBI1 (rs1045642 and rs2032582) and one variant of
APOB (rs13306198) might contribute to drug concentration.
As rs1045642 was eligible for meta-analysis, we followed our
qualitative finding by pooling data from patients with similar
rs1045642 genotypes. This quantitative synthesis submitted
proof regarding the considerable association of rs1045642
(A3435C) and rivaroxaban concentration. We demonstrated
that carriers of the C allele (CC and CA genotypes) on the
3435 position of ABCA1 have significantly higher rivarox-
aban concentrations than participants with the AA geno-
type. However, our data are insufficient to claim that

rs1045642 is attributed to incidence of
rivaroxaban ADRs.

That is to say, our raw findings indicated that while
rs1045642 leads to an increment in rivaroxaban concen-
trations, it does not increase the risk of bleeding. We afresh
reviewed included papers to identify the reason for this
controversy.

We run into two possible explanations. First, we noticed
that we extracted the ADR data from studies that were not
adjusted for potential confounders, while studies on drug
concentrations were adjusted for potential confounders. In
other words, adjusting for confounders would alter our
results, leading to a notable effect of rs1045642 on ADR. This
hypothesis aligns with the findings of studies adjusted for
potential confounders, which revealed that the incidence of
bleeding is higher in carriers of rs1045642 [28, 29], while
there is a lower hazard of thrombotic events [22].

Second, apart from administered dose, pharmacoki-
netic and genetic variants of drug concentrations, which
are vital contributors to both drug concentration and its
ADRs, other variables such as patient’s age, the reason for
drug administration, underlying disease, gender, and
fasting condition also alter the risk of rivaroxaban’s
ADRs [16].

That is to say, we believe that rs1045642 in the ABCB1
gene might be a plausible candidate to be evaluated before
rivaroxaban prescription, as ABCB1 not only predicts ex-
posure and response to rivaroxaban [30, 31] but also is
a notable contributor to the incidence and outcome of
disease for which rivaroxaban is prescribed [32, 33].

Rivaroxaban is mainly prescribed to prevent stroke in
nonvalvular atrial fibrillation (AF) and manage deep vein
thrombosis (DVT) and pulmonary embolism (PE) [34].

a higher
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TaBLE 3: Impact of rs1045642 on rivaroxaban concentrations.

o . . Heterogeneity
Description of analysis Pooled SMD (95% CI) Sample size N
I’ (%) p value Model
CC vs. AA —0.516 (—0.917 to —0.115) 86 0.0 0.815 Random
AC vs. AA -0.867 (-1.215 to —0.519) 86 69.8 0.069 Fixed

SMD, standardized mean difference; CI, confidence interval; p value was reported for the heterogeneity chi-squared test. A fixed model was used whenever p
value was less than 0.1.

TaBLE 4: Genetic mutations in odds of rivaroxaban ADRs (bleeding following rivaroxaban administration).

. o . Heterogeneity
Gene Mutation Description of analysis Pooled OR (95% CI) )
I (%) p value Model
ABCB1 rs1045642 CCvs. AA 5.46 (—=5.15 to 16.08) 67.5 0.079 Fixed
ABCB1 rs1045642 AC and CC vs. AA 2.71 (-1.90 to 7.34) 0.0 0.384 Random
ABCB1 154148738 AA vs. CC 2.95 (-1.69 to 7.59) 0.0 0.385 Random
ABCB1 rs4148738 AC and AA vs. CC 3.08 (—6.89 to 13.06) 70.5 0.066 Fixed

ADR, adverse drug reaction; OR, odds ratio; CI, confidence interval; p value was reported for the heterogeneity chi-squared test. A fixed model was used

whenever p value was less than 0.1.

Hypertension incidence, severity, and management are
closely correlated with rs1045642 [35-37]. It also accounts
for the most prevalent risk factor of AF and can worsen AF
patients’ prognosis [38]. These findings add to the impor-
tance of determining rs1045642 in AF patients treated with
rivaroxaban. Like hypertension, malignancy is an in-
dependent criterion for diagnosing DVT [39], and
rs1045642 contributes to chemotherapy response and
overall survival in malignant patients [32, 40].

This overlap emphasizes the importance of rs1045642
screening, especially in low-income settings where other
preventive and therapeutic strategies such as patient edu-
cation, sequencing techniques, anti-Xa assays, and antidots
are challenging, unavailable, or expensive [41, 42].

The assessment of the risk of bias in the included studies
revealed that all included studies had a high or relatively high
quality. In other words, the quality of included papers may
not be a source of systematic error and it might not alter our
meta-analysis results.

4.1. Strengths and Limitations. The limited number of
available studies on this topic presents a significant con-
straint to our meta-analysis. Despite our extensive efforts in
searching for relevant literature, the included papers rep-
resent the entirety of the available evidence. This limited
number of studies may impact the generalizability of our
findings and introduce potential bias. However, it is essential
to acknowledge that including these studies has allowed us to
comprehensively analyze the existing evidence and con-
tribute to the current knowledge in this field. We believe that
the current study can notably influence the field, so as to the
best of our knowledge, it is the first study that systematically
reviewed the impact of genetic variants on metabolism and
risk of rivaroxaban ADRs. Our results provide a compre-
hensive overview of the current knowledge on rivaroxaban’s
pharmacogenetics that can be potentially beneficial in
managing patients and stratifying their risk in the clinic. It
should be considered that more original prospective high-

quality studies are required to increase the certainty of our
findings. However, as the first systematic review, the current
paper proposes targets for future cohorts and trials.

5. Conclusion

The current study is the first meta-analysis that illustrated
that being an AC or CC for rs1045642 is attributed to
a considerably higher rivaroxaban level in participants using
rivaroxaban. That is to say, rs1045642 is a remarkable
predictor of rivaroxaban metabolism, and identification of
rs1045642 before drug administration might decrease
rivaroxaban ADRs. However, due to the limited number of
available studies, data should be interpreted cautiously.
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of the pharmacogenetic approach for preventing adverse
drug reactions (ADRs) associated with rivaroxaban. Sup-
plementary Table 2: quality assessment of included studies.
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