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Purpose: The aim of this study was to determine the effect of ABCB1 genetic polymorphism and renal function on the occurrence of 
ticagrelor-related dyspnea.
Patients and Methods: A total of 299 patients with acute with type 1, 2, or 3 myocardial infarction (with and without ST-segment 
elevation), who underwent coronary angiography and PTCA with stent implantation and were treated with antiplatelet drugs (ticagrelor 
and aspirin), were enrolled in this prospective study. For all enrolled patient’s platelet aggregation (induction with high-sensitivity 
adenosine diphosphate, ADP HS) testing was performed using a MULTIPLATE® analyzer. Venous blood was also collected for 
genotyping.
Results: Patients experiencing ticagrelor-related dyspnea had lower ADP HS value (ADP HS ≤ 19.5 U; OR = 2.254; P = 0.009), 
higher creatinine concentration (>90 µmol/l; OR = 3.414; P = 0.019), and lower GFR value (<60 mL/min/1.73 m2; OR = 2.211; 
P = 0.035). ABCB1 T allele was associated with ticagrelor-related dyspnea (OR = 2.550; P = 0.04).
Conclusion: Ticagrelor-related dyspnea was found to be related to low platelet aggregation, increased plasma creatinine concentra
tion, decreased GFR, and ABCB1 T allele. Carriers of the ABCB1 T allele had a higher plasma creatinine concentration that could be 
associated with an inhibitory effect of ticagrelor on P-glycoprotein function.
Keywords: ticagrelor, ticagrelor pharmacogenomics, ticagrelor related dyspnea, ABCB1 gene polymorphisms, platelet aggregation

Introduction
Ticagrelor in combination with aspirin is a first-line therapy in patients with acute coronary syndrome (ACS) who 
underwent percutaneous transluminal coronary angioplasty (PTCA) with stent implantation.1–4 The most recent guide
lines by the European Society of Cardiology (ESC) and the American Heart Association (AHA) recommend this dual 
antiplatelet therapy as a first-line therapy for patients with ACS irrespective of initial treatment strategy.1,2,4 New data 
suggest that Ticagrelor in combination with aspirin provide more favorable outcomes not only for ACS patients who 
underwent PTCA with stent implantation, but also for secondary stroke prevention in patients with vascular risk factors.5

Ticagrelor, a cyclopentyltriazolo-pyrimidine (CPTP), is a direct-acting, reversible P2Y12 receptor antagonist. The 
drug inhibits the binding of endogenous adenosine diphosphate (ADP) to platelet membrane-bound P2Y12 receptors and 
blocks platelet aggregation. On average, maximum plasma concentration of ticagrelor is reached within 1.3–2 h, and the 
mean elimination half-life is 7–12 h.6,7 Studies involving animal and healthy volunteers have shown that urinary and 
fecal excretion of ticagrelor accounts for 26.5% and 57.8%, respectively, on the average.8,9 In the liver, ticagrelor is 
extensively metabolized into at least 10 metabolites that are detected in plasma, feces, and urine. Ticagrelor and its active 

Drug Design, Development and Therapy 2024:18 109–119                                                 109
© 2024 Tamakauskas et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/ 
terms.php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing 

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. 
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Drug Design, Development and Therapy                                               Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 7 September 2023
Accepted: 21 December 2023
Published: 23 January 2024

D
ru

g 
D

es
ig

n,
 D

ev
el

op
m

en
t a

nd
 T

he
ra

py
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0003-2736-3111
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


metabolite M8 (AR-C124910XX) have been detected as major circulating components in plasma and feces, while M5 
(AR-C133913XX) and M4 have been found to be major ticagrelor metabolites in urine. Administration of ticagrelor at 
therapeutic doses (90 mg of ticagrelor b.i.d.) results in clinically insignificant concentrations of other drug metabolites 
(M1, M2, and M7), which can be identified only at maximum tolerated dose or higher (900 and 1200 mg of ticagrelor).8,9

Treatment with ticagrelor faces numerous clinical challenges that make safe and continuous drug use difficult during 
the whole treatment period. Treatment with ticagrelor is most commonly discontinued due to ticagrelor-related adverse 
events by substituting it with less effective and genetic polymorphism-dependent dual therapy with clopidogrel and 
aspirin.10,11 Premature ticagrelor discontinuation increases the risk of stent thrombosis and recurrent ACS, leading to 
longer hospital stay and worse patient’s clinical outcomes.12 Dyspnea and bleeding are adverse events associated with 
ticagrelor usage. Different studies report that dyspnea of various intensities manifests in up to 38.6% of patients treated 
with ticagrelor.12,13 Premature discontinuation of ticagrelor usage occurs in up to 6.5% of patients experiencing dyspnea 
of moderate and more severe intensity.12,14 Such premature ticagrelor discontinuation increases the risk of stent 
thrombosis and recurrent ACS, leading to longer hospital stay and worse patient’s clinical outcomes.12

Up to date, literature data on the impact of genetic polymorphisms on ticagrelor antiplatelet effects and occurrence 
of adverse events are contradictory. Some researchers claim that the polymorphisms of CYP2C19, ABCB1, CYP3A4, 
and other genes do not have any impact on the pharmacodynamic effects of ticagrelor.15–17 Studies on healthy 
volunteers have shown that ABCB1 genetic polymorphism is not related to ticagrelor efficacy.7 Meanwhile, other 
studies have reported a possible impact of the CYP2C19 genetic polymorphism on the metabolism of ticagrelor or its 
active metabolite M8.18 The most recent data on experiments with the human umbilical vein endothelial and 
hepatocellular carcinoma HepG2 cell lines provide evidence that ticagrelor can have an effect on the expression of 
CYP4F2 and CYP4A11 gene.19

It has been reported that ticagrelor usage could lead to an increase in the levels of creatinine, but it is not known how 
this could affect the occurrence of ticagrelor-related adverse events.20 Recent literature suggests that the ABCB1 genetic 
polymorphism is associated with renal function and has an effect on the properties of certain drugs.21,22 In our previous 
study, involving 277 patients with ACS, we determined platelet aggregation values that could predict the development of 
ticagrelor-related dyspnea,23 however we did not analyze the impact of renal function in patients with dyspnea induced 
by ticagrelor therapy. The aim of this study was to determine the effect of ABCB1 genetic polymorphism and renal 
function on the occurrence of ticagrelor-related dyspnea. In this study, we used data from patients from our previous 
study,23 by complementing them with data from additional 22 patients.

Materials and Methods
Patients and Investigations
A total of 967 patients according to the “Fourth Universal Definition of Myocardial Infarction”24 with acute myocardial 
infarction type 1, 2, or 3 (with and without ST-segment elevation) were treated at the Cardiovascular Centre of the 
Šiauliai Republican Hospital from January 2020 to September 2021. During this period, 299 patients were eligible to be 
enrolled in the prospective study based on the inclusion criteria.23 Figure 1 depicts the study flow chart.

The inclusion and exclusion criteria of the study are shown in Table 1.
During the treatment period, patients underwent routine examinations based on the ESC guidelines for the manage

ment and treatment of ACS.1,3,4 All patients received a loading dose of ticagrelor (180 mg) regardless of initial treatment, 
followed by a maintenance dose of 90 mg twice daily for 12 months. All patients received a loading dose of aspirin 
(300 mg) regardless of initial treatment, followed by a maintenance dose of 100 mg once daily. The severity of dyspnea 
was rated from 0 to 4 scores by using the modified Borg acute dyspnea scale, which was used in early clinical trials of 
ticagrelor.25 All enrolled patients 24–36 h after admission were divided into 2 groups considering the absence or presence 
of dyspnea, which was considered as ticagrelor related after the evaluation and exclusion of other possible causes for 
dyspnea occurrence (Table 1).23 Characteristics of the study population and the results of clinical investigations are 
shown in Table 2. GFR was calculated using the Modification of Diet in Renal Disease (MDRD) equation and was 
expressed in mL/min/1.73 m2.26
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On the enrollment into the study and after 3 months, the flowing additional investigations were done:23

● Venous blood was drawn for genotyping that was carried out at the Laboratory of Molecular Cardiology, Institute of 
Cardiology, Medical Academy, Lithuanian University of Health Sciences. DNA was extracted from blood by a salting-out 
method. The determination of genetic variants was performed using TaqMan molecular markers (Thermo Fisher Scientific, 
USA), TaqMan Universal Master Mix (Thermo Fisher Scientific, USA), and PCR grade water. The QuantStudio 5 and 3 
Real-Time PCR systems (Thermo Fisher Scientific, USA) were used. A total of 12 genetic variants – FGB C148T 
(rs1800787), CYP4F2 (rs3093135, rs1558139, rs2108622, and rs2074902) and CYP2C19 *2 and*17 (rs4244285 and 
rs12248560), CYP2C9 *15 (rs72558190), ABCB1 (rs1045642), COX-2 (rs689465), PAI-1 (rs5918), CYP1A2*1C 
(rs2069514) – were analyzed;

● Platelet aggregation (induction with high-sensitivity adenosine diphosphate, ADP HS) testing was performed by 
using a MULTIPLATE® analyzer and reagents for the determination of P2Y12 receptor activity.

Figure 1 Flow chart of the study.
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Statistical Analysis
Statistical analysis was performed using IBM SPSS Statistics 22 software. Variants of the genes analyzed are given in 
percentage. Continuous data are expressed as medians. Categorical and nominal data were compared with the chi-square 
test (Pearson criterion); when the frequency in at least one cell of a contingency table was small (<5), the Fisher’s exact 
test was used. Two data proportions were compared with the z-test. To compare two independent samples, the Mann– 
Whitney U-test was used. Binary logistic regression analysis (BACKWARD STEPWISE (Wald) and ENTER 
approaches) was carried out to determine risk factors associated with the development of dyspnea. To identify the 
variables as significant, cutoff points of p<0.25 were used for the multivariate analysis. The variables from the univariate 
analysis were included in the multivariate analysis model. The level of significance was set at p < 0.05. An ADP HS 
value that predicts dyspnea was determined by applying the ROC curve analysis. This method was used to determine 
a platelet aggregation threshold that predicts the development of dyspnea by calculating and assessing the maximum 
values of the Youden index.

Results
Characteristics of the Study Population
In this study, there were more men than women (n = 220; 74.2%). MI with ST-segment elevation was more common than 
MI without ST-segment elevation among patients (n = 163; 54.9%). All the patients had hypertension and dyslipidemia. 
Conventional treatment with beta blockers, angiotensin-converting enzyme inhibitors, statins, and antiplatelet drugs was 
administered. Diabetes mellitus (CD) was diagnosed in 14.1% of patients, and they received metformin most frequently. 
Hypothyroidism was recorded in 3% of patients. Patients with atrial fibrillation (AF) (n = 42; 14.1%) were given 
a combination of ticagrelor and low-dose (110 mg × 2/d) dabigatran etexilate; aspirin for these patients was prescribed 
only during hospitalization (6 days on average). The enrolled patients most frequently had advanced coronary lesions, ie 
two- or three-vessel coronary artery disease (66.5%). The value of ≤19.5 U ADP HS was documented in 99 
patients (33.1%).

During the study, 101 (33.8%) patients experienced ticagrelor-related dyspnea; 198 patients did not complain about 
dyspnea. Fifteen patients (5%) had insignificant bleeding from the digestive tract confirmed by esophagogastroduodeno
scopy, but there was no need to discontinue treatment with antiplatelet drugs. Bleeding was not associated with ADP HS, 
dyspnea, or renal function.

Higher creatinine concentrations and lower glomerular filtration rates (GFR) were documented more frequently in 
patients experiencing dyspnea.

Table 1 Inclusion and Exclusion Criteria of the Study

Inclusion Criteria Exclusion Criteria

- Patients treated for ACS (myocardial infarction with and without ST- 
segment elevation), who underwent coronary angiography and PTCA 

with stent implantation; 

- Treatment with antiplatelet drugs (ticagrelor and aspirin) or 
combination of antiplatelet drugs and anticoagulant (ticagrelor, aspirin, 

and dabigatran etexilate; 

- Planned 12-month treatment with ticagrelor.

- Previous dyspnea experienced by a patient; 
- Severe comorbid disease (stage IV cancer; significant disease of other 

organ system, etc.) that could have an influence on the results of 

performed investigations 
- Respiratory diseases (bronchial asthma; chronic obstructive 

pulmonary disease; COVID-19 during ACS); 

- Previous New York Heart Association (NYHA) class III and IV heart 
failure; 

- Previous ACS. 

- Warfarin usage (eg, due to mechanical heart valve); 
- Patients at high risk of bleeding, who were treated with clopidogrel; 

- Social indications (eg, a patient being care for, no possibility to arrive 

for follow-up visits); 
- Patient’s refusal to take part in the study.
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Associations Between Clinical and Genetic Variables and Ticagrelor-Related Dyspnea
Ticagrelor-related dyspnea was not associated with patients’ gender, age, body mass index (BMI), ACS type, extent of 
CAD, comorbidities, administered medications, and heart failure criteria (BNP, LVEF) (Table 2).

Dyspnea experienced by patients was associated with platelet aggregation (ADP HS) both during the first evaluation 
and after 3 months as well as with renal function (Table 2). Patients who experienced dyspnea had a lower ADP HS value 
both during the first evaluation (P < 0.001) and after 3 months (P = 0.005). In the group of patients with ticagrelor-related 
dyspnea, a greater creatinine concentration (P = 0.012) and a lower GFR were documented (P = 0.028).

Table 2 Characteristics of the Study Population

Characteristic Dyspnea p

No (n=198) Yes (n=101)

Gender, n (%)

Male 147 (74.3) 73 (72.3) 0.763
Female 51 (25.7) 28 (27.7)

Age, years, median (range) 64 (42–88) 66 (32–90) 0.087

BMI, kg/m2, median (range) 21 (21–50) 20 (28–45) 0.976

MI, n (%)

NSTEMI 87 (44.4) 47 (47.5) 0.887

STEMI 110 (55.6) 53 (52.5)

CAD, n (%)

One-vessel 64 (32.8) 31 (31.3)
Two-vessel 65 (33.3) 41 (41.4) 0.344

Three-vessel 66 (33.8) 27 (27.3)

DM, n (%) 25 (12.7) 17 (17.0) 0.940

Hypothyroidism, n (%) 3 (1.5) 6 (5.9) 0.066

AF, n (%) 25 (12.7) 17 (17.0) 0.411

Troponin I, ng/mL 511 (20–89,977) 533 (20–104,099) 0.735

Troponin I after 6 h, ng/mL 8703 (20–635,352) 4610 (20–147,527) 0.148
BNP, pmol/l 128 (11–1858) 130 (6–2000) 0.996

BNP after 3 months, pmol/l 62 (9–381) 51 (5–300) 0.527

ADP HS, U 25 (9–147) 19 (2–133) <0.001
ADP HS after 3 months, U 23 (9–58) 20 (1–79) 0.005
Creatinine, mol/L 80 (42–480) 85 (41–182) 0.012
GFR (mL/min/1.73m2) 83.7 (10.4–188.2) 79.7 (32.6–190.4) 0.028
CRP, mg/l 6.8 (0.3–146) 6 (0.3–179.4) 0.663

LDL-C, mmol/l 3.5 (1.4–7.8) 3.5 (1.4–7.1) 0.430

Hemoglobin, g/l 143 (93–387) 142 (85–345) 0.753
LVEF, % 50 (15–55) 50 (20–55) 0.458

Medications, n (%)

Beta blockers 192 (97.5) 97 (96.0) 0.494
ACE inhibitors 192 (97.5) 98 (97.0) 1.000

Statins 196 (99.5) 99 (98.0) 0.266

Anticoagulants 22 (11.2) 15 (15.0) 0.345

Notes: Values are median (range) unless indicated otherwise. 
Abbreviations: BMI, body mass index; NSTEMI, non-ST-segment elevation myocardial infarction; STEMI, ST-segment 
elevation myocardial infarction; CAD, coronary artery disease; DM, diabetes mellitus; AF, atrial fibrillation; BNP, B-type 
natriuretic peptide; ADP HS, platelet aggregation with high-sensitivity ADP; GFR, glomerular filtration rate; LDL-C, 
low-density lipoprotein cholesterol; CRP, C-reactive protein; LVEF, left ventricular ejection fraction; ACE, angiotensin- 
converting enzyme.
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An ADP HS cutoff value of ≤19.5 U was found to be associated with the development of dyspnea (n = 299; p < 
0.001; AUC = 0.710; 95% CI: 0.646–0.774; sensitivity of 57.0%; specificity of 78.6%; Youden J index = 0.356) 
(Figure 2).

The ABCB1 (rs1045642) gene polymorphism was determined in 184 patients. Carriers of the T allele (heterozygous, 
ie CT, or homozygous, ie TT) had a higher creatinine concentration than those homozygous for the C allele (CC) (P = 
0.007) (Table 3).

Logistic Regression Analysis Model for the Evaluation of Clinical and Genetic Risk 
Factors for the Development of Dyspnea
Univariate analysis showed that patients with hypothyroidism were at a fourfold greater risk of dyspnea (OR = 4.084, P = 
0.04); however, multivariate analysis did not confirm this association.

Figure 2 ROC curve analysis of ADP HS for the prediction of dyspnea.

Table 3 Associations Between Gene Polymorphisms and Renal Function

Genes N Creatinine (mol/L)  
median (range)

p

CYP4F2 (rs2108622) 0.316
CC 111 84 (42–480)
CT 60 82 (41–211)

TT 13 69 (49–115)

T allele 86 81 (41–211) 0.358
C allele 282 84 (41–480)

CYP4F2 (rs1558139) 0.592
AA 36 80 (49–211)
AG 104 84 (41–455)

GG 44 86 (42–480)

(Continued)

https://doi.org/10.2147/DDDT.S435477                                                                                                                                                                                                                               

DovePress                                                                                                                                     

Drug Design, Development and Therapy 2024:18 114

Tamakauskas et al                                                                                                                                                   Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Table 3 (Continued). 

Genes N Creatinine (mol/L)  
median (range)

p

A allele 176 83 (41–455) 0.564
G allele 192 85 (41–480)

CYP4F2 (rs3093135) 0.345
AA 28 85 (42–114)

AT 104 83 (50–480)
TT 52 86 (41–211)

A allele 160 84 (42–480) 0.289
T allele 208 83 (41–480)

CYP4F2 (rs2074902) 0.595
CC 6 77 (49–115)
CT 51 84 (41–211)

TT 127 84 (42–480)

T allele 305 84 (41–480) 0.323
C allele 63 84 (41–211)

CYP2C19 (rs4244285) (*2) 0.752
AA 2 104 (98–110)
AG 38 86 (42–124)

GG 144 84 (41–480)

A allele 42 86 (42–124) 0.276
G allele 326 84 (41–480)

ABCB1 (rs1045642) 0.014
CC 48 75 (41–480)
CT 101 84 (42–455)

TT 35 87 (56–211)

T allele 0.007
Absent (CC) 197 75 (41–480)
Present (CT and TT) 171 85 (42–455)

FBG-C148T (rs1800787) 0.779
TT 21 87 (49–212)

CT 71 84 (49–480)

CC 92 82 (41–455)

T allele 113 84 (49–480) 0.573
C allele 255 83 (41–480)

COX-2 (rs689465)
CC 2 77 (53–100)

CT 30 86 (59–455) 0.147

TT 151 83 (41–480)

T allele 332 84 (41–480) 0.098
C allele 34 85 (51–455)

PAI-1 (rs5918) 0.93
CC 7 80 (60–212)

CT 65 84 (48–211)

TT 112 84 (41–480)

(Continued)
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In multivariate logistic regression analysis, the following risk factors were found to be associated with a greater risk 
of dyspnea: an ADP HS value of ≤19.5 U (OR = 2.254; P = 0.009), GFR of <60 mL/min/1.73 m2 (OR = 2.211; P = 
0.035), creatinine concentration of >90 mol/L (OR = 3.414; P = 0.019), and ABCB1 T allele (CT and TT) (OR = 2.550; 
P = 0.04) (Table 4).

Other clinical and genetic factors did not have any impact on the development of ticagrelor-related dyspnea.

Discussion
The aim of this study was to evaluate the effect of the ABCB1 rs1045642 genetic polymorphism and renal function on the 
development of ticagrelor-related dyspnea. The results of our study show significant interactions between the develop
ment of ticagrelor-related dyspnea and the ABCB1 genetic polymorphism as well as renal function. Ticagrelor-related 
dyspnea was associated with lower platelet aggregation value, lower GFR, higher creatinine concentration, and ABCB1 
T allele (CT and TT).

Table 3 (Continued). 

Genes N Creatinine (mol/L)  
median (range)

p

T allele 289 84 (41–480) 0.769
C allele 79 84 (48–212)

CYP2C19 (rs12248560) (*17) 0.389
CC 97 84 (41–480)

CT 76 84 (42–212)
TT 11 70 (59–98)

T allele 98 84 (42–212) 0.279
C allele 270 84 (41–480)

Notes: Values are median (range) unless indicated otherwise.

Table 4 Risk Factors for the Development of Dyspnea

Factor Univariate Analysis Multivariate Analysis

OR 95% CI P OR 95% CI P

Age 1.018 0.996–1.041 0.11

Gender (male) 1.087 0.630–1.877 0.763

AF 1.409 0.721–2.752 0.315

Hypothyroidism 4.084 1.000–16.686 0.04

DM 1.028 0.501–2.108 0.94

CAD 0.846 0.601–1.189 0.335

ADP HS ≤ 19.5 U 2.443 1.233–4.839 0.01 2.254 1.195–4.792 0.009

GFR <60 mL/min/1.73 m2 3.458 1.789–7.038 <0.001 2.211 1.057–4.616 0.035

Creatinine (> 90 mol/L) 8.196 4.563–14.721 <0.001 3.414 1.219–9.519 0.019

ABCB1 (rs1045642) 
T allele (CT, TT) vs CC

3.411 1.593–7.304 0.002 2.550 1.317–4.936 0.04

Notes: Statistically significant results from univariate and multivariate analysis are provided in bold. 
Abbreviations: AF, atrial fibrillation; DM, diabetes mellitus; CAD, coronary artery disease; ADP HS, platelet aggregation with high-sensitivity ADP; GFR, 
glomerular filtration rate.

https://doi.org/10.2147/DDDT.S435477                                                                                                                                                                                                                               

DovePress                                                                                                                                     

Drug Design, Development and Therapy 2024:18 116

Tamakauskas et al                                                                                                                                                   Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Up to date, research on the impact of the ABCB1 rs1045642 genetic polymorphism in patients using P2Y12 receptor 
inhibitors has not confirmed any significant relationship between the pharmacodynamic or pharmacokinetic effects of 
ticagrelor and polymorphisms of this or other genes.15–17 Literature data on the ABCB1 rs1045442 genetic polymorphism 
are mostly linked to a reduced activity of transmembrane P-glycoprotein (P-gp) and worse renal function, and this in turn 
can have an impact on the elimination of ticagrelor and its active metabolites and can increase drug antiplatelet activity as 
well as the frequency of ticagrelor-related adverse events.21,22,27

It is known that P-gp is encoded by the ABCB1 gene; therefore, the polymorphisms of this gene can influence P-gp 
expression and properties. The physiological role of P-gp is to protect cells from toxic substances and metabolites by 
controlling their uptake to a cell and elimination from it. P-gp is linked to resistance to multiple drugs for cancer 
treatment and immunosuppression after renal transplantation; therefore, it has been extensively studied recently. P-gp is 
abundant in the epithelial tissues of various organs (kidney, intestine, etc.) and endothelia of the blood–brain barrier. P-gp 
is also associated with the nephrotoxicity of particular drugs after renal transplantation.28–30 The uptake of substances 
into cells of renal and other tissues and at the blood–brain barrier is P-gp dependent; therefore, high P-gp levels can limit 
the uptake of sufficient amounts of a used drug into cells, thus preventing adequate therapeutic effectiveness. Meanwhile, 
reduced P-gp activity can contribute to diminished elimination of a drug and its metabolites from the cells of renal, 
neural, or other tissues and with increasing concentrations of a drug and its metabolites, various drug-related adverse 
events can occur.30

Up to 26.5% of ticagrelor and its active metabolite M5 (AR-C133913XX) is excreted via urine.8,9 It has been reported 
that serum levels of creatinine can increase during treatment with ticagrelor. This increase could probably be linked to 
ticagrelor-dependent changes in adenosine levels, but more extensive studies have not been performed.20,31–33 Moreover, 
evidence suggests that ticagrelor possesses the characteristics of P-gp inhibitor and, therefore, can inhibit P-gp activity.34–36 

The results of this study showed that an increased creatinine concentration (>90 mol/L) and a lower GFR (<60 mL/min/ 
1.73 m2) were associated with 3.41- and 2.21-fold, respectively, greater risk of ticagrelor-related dyspnea. An increased 
creatinine concentration and a reduced GFR might be related not only to ABCB1 genetic polymorphism-dependent 
inhibition of P-gp activity but also to the inhibitory effect of ticagrelor itself on P-gp. This hypothesis is partly confirmed 
by the results of other studies showing that the ABCB1 genetic polymorphism can affect P-gp activity,22,37 which, in turn, 
can have an impact on the activity of ticagrelor and its active metabolites and thus increase the occurrence of drug-related 
adverse events.

Yan et al reported that the ABCB1 CC genotype had an influence on early renal function recovery in kidney transplant 
patients treated with tacrolimus.38 Meanwhile, other authors explored associations between ABCB1 genetic polymorph
ism and hypertension-induced target organ damage and found that hypertensive patients with the ABCB1 TT genotype 
were at a higher risk of renal function injury than those with the CC genotype.21 Liu et al also concluded that the ABCB1 
TT genotype was associated with a lower GFR as compared with the CC genotype and might therefore confer 
susceptibility to nephropathy.39 Wallentin et al investigated the effects of CYP2C19 and ABCB1 genetic polymorphisms 
on the outcomes of treatment with ticagrelor and did not find any impact of these genetic polymorphisms on bleeding or 
frequency of recurrent ACS.15 Meanwhile, the results of our study showed that the carriers of ABCB1 T allele (CT or TT) 
were at a 2.55-fold greater risk of the development of ticagrelor-related dyspnea. As mentioned earlier, patients with the 
ABCB1 T allele had a greater creatinine concentration and a lower GFR that could also be linked to the inhibitory effect 
of ticagrelor on P-gp function. Other authors also found that the T allele of the ABCB1 gene was related to worse renal 
function.21,22 In addition, research on animals suggested that the ABCB1 TT genotype could be associated with lower 
P-gp expression and thus indirectly with a reduced elimination of a drug or its metabolites from cells.21,27

Our previous study showed that patients with ticagrelor-related dyspnea had lower platelet aggregation values, 
possibly indicating higher plasma concentrations of ticagrelor and its active metabolites.23 In this study, involving 
a larger sample size, we also observed that ticagrelor-related dyspnea was associated with lower values of platelet 
aggregation. A platelet aggregation (ADP HS) value of ≤19.5 U increased the risk of dyspnea by 2.25 times.

In order to clarify the effect of renal function and ABCB1 genetic polymorphism on the development of ticagrelor- 
related dyspnea, larger scale studies employing genotyping and investigations of ticagrelor metabolites in urine are 
needed.
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Conclusion
Ticagrelor-related dyspnea was found to be related to low platelet aggregation (ADP HS ≤ 19.5 U), increased plasma 
creatinine concentration, decreased GFR, and ABCB1 T allele. Carriers of the ABCB1 T allele had a higher plasma 
creatinine concentration that could be associated with an inhibitory effect of ticagrelor on P-gp function.
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