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The impact of factor Xa inhibitors 
on bleeding risk in patients 
with respiratory diseases
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It is unclear which factor Xa (FXa) inhibitors are associated with higher bleeding risk in patients 
with respiratory diseases, and there are no studies on the association between prothrombin time–
international normalized ratio (PT–INR) and bleeding risk. We conducted a retrospective cohort 
study comparing 1-year-outcomes and PT–INR between patients with respiratory diseases treated 
with rivaroxaban (R group, n = 82) or edoxaban (E group, n = 138) for atrial fibrillation or venous 
thromboembolism from 2013 to 2021. The most frequent event of all bleeding discontinuations 
was respiratory bleeding in both groups (7.3 and 4.3%, respectively). The cumulative incidence of 
bleeding discontinuation was significantly higher in the R group (25.6%) than in the E group (14.4%) 
(hazard ratio [HR], 2.29; 95% confidence interval [CI] 1.13–4.64; P = 0.023). PT–INR after initiation of 
therapy significantly increased and was higher in the R group than in the E group (median value, 1.4 
and 1.2, respectively; P < 0.001). Multivariate analysis using Cox proportional hazards and Fine-Gray 
models revealed that PT–INR after initiation of therapy was an independent risk factor of bleeding 
discontinuation events (HR = 4.37, 95% CI 2.57–7.41: P < 0.001). Respiratory bleeding occasionally 
occurs in patients receiving FXa inhibitors, and monitoring the PT–INR may need to ensure safety.

Direct oral anticoagulant agents (DOACs), including thrombin inhibitors (dabigatran) and factor Xa (FXa) 
inhibitors (apixaban, rivaroxaban, and edoxaban), are recommended as the first choice for anticoagulation in 
patients with venous thromboembolism (VTE)1,2 and nonvalvular atrial fibrillation (AF)3. Several randomized 
controlled trials (RCTs) have shown that the efficacy and safety of DOACs are either equivalent, or superior to 
those of vitamin K antagonists (VKA), which are the conventional standard treatment  drugs4–12. The advantages 
of DOACs compared to VKA are that they are not influenced by diet, are effective soon after administration, 
have relatively few cross-drug interactions, and cause less intracranial bleeding.

Another advantage of DOACs is that unlike VKA, they do not require routine monitoring to ensure  safety13,14. 
Nevertheless, a correlation between blood drug concentration and prothrombin time (PT) or PT-international 
normalized ratio (PT–INR) is known for the FXa inhibitors, riveroxaban and  edoxaban15–19. It has also been 
suggested that bleeding risk may increase as drug concentrations in blood  increase20, but the association between 
PT/PT–INR and the occurrence of bleeding events has not been studied.

Disadvantages of DOACs include lack of antagonists, restriction of use in patients with renal dysfunction, 
and a higher frequency of gastrointestinal bleeding than that with VKA  usage21. In addition, there is apparently 
lack of clarity regarding the safety profile for usage of DOACs. The bleeding risk in the real-world settings may 
differ from that in clinical trials, and the differences in the safety profile of each DOACs and various pre-existing 
background diseases have not been sufficiently examined. Respiratory diseases, such as interstitial lung disease 
(ILD), chronic obstructive pulmonary disease (COPD), and lung cancer, are known to have a high incidence of 
 thrombosis22–24. However, the characteristics of bleeding events concomitant with DOACs use are still unclear, 
although these patients sometimes develop hemoptysis or alveolar hemorrhage due to alveolar vasculitis, lung 
infections, and lung  cancer25–27.

Therefore, we conducted a single-center retrospective study to examine the characteristics of the bleeding 
events and compare the bleeding risk for two FXa inhibitor, rivaroxaban or edoxaban, in patients with respira-
tory diseases. In addition, the association between PT–INR and bleeding risk was analyzed, and predictors of 
clinically significant bleeding events were identified.

OPEN

Department of Respiratory Medicine, Kumamoto University Hospital, Faculty of Life Sciences, Kumamoto University, 
1-1-1 Honjo, Chuo-ku, Kumamoto 860-8556, Japan. *email: unagicurry@yahoo.co.jp

http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-024-54714-5&domain=pdf


2

Vol:.(1234567890)

Scientific Reports |         (2024) 14:4039  | https://doi.org/10.1038/s41598-024-54714-5

www.nature.com/scientificreports/

Results
Patient characteristics
Of the total 2451 patients receiving rivaroxaban or edoxaban for VTE or AF during the study period, 361 patients 
receiving these two FXa inhibitors for concomitant presence of other respiratory diseases were enrolled. From 
these, 141 patients were excluded owing to diagnosis of VTE or AF at other hospitals (n = 87), lack of data on 
PT–INR (n = 42), and bleeding tendency (n = 12). A total of 220 patients were included in this study, of which 82 
(37%) and 138 (63%) patients were treated with rivaroxaban and edoxaban, respectively (Fig. 1).

The baseline patient characteristics are shown in Table 1. The most common underlying pulmonary disease 
was lung cancer (34.5%), followed by chronic obstructive pulmonary disease (31.4%), and interstitial lung dis-
ease (30.9%). Post thoracic surgery (20.5%) included operations for lung tumors and other pulmonary diseases, 
pleural diseases, and mediastinal tumors. There were no significant differences between the two groups except 
for median weight, proportion of AF, deep vein thrombosis (DVT), and use of macrolide antibiotics. The initial 
therapeutic doses of the FXa inhibitors are shown in Supplementary Table S1. The frequency of the maximum 
dose of each agent was 35.4% in group R and 26.8% in group E, with no significant difference between the two 
groups (P = 0.224).

The incidence of discontinuation of therapy
All the discontinuation events are listed in Table 2. Major bleeding occurred in 9.8 and 5.1% patients in the R and 
E groups, respectively (P = 0.268). The incidence of bleeding discontinuation was higher than that of competing 
risk factors that induced discontinuation of therapy, such as other adverse events and thrombosis events in both 
groups. Of all bleeding discontinuation factors, respiratory bleeding was most frequent in both groups. The 
cumulative incidence of bleeding discontinuation was 25.6% in the R group and 14.4% in the E group (hazard 
ratio [HR] with rivaroxaban, 2.26; 95% confidence interval [CI], 1.11–4.59; P = 0.023; Gray’s test) (Fig. 2). There 
were no significant differences in the occurrence of competing risk factors, including other adverse and throm-
botic events, between the two groups (Supplementary Fig. S1). In patients with VTE and AF, the cumulative 
incidence of bleeding discontinuation showed no significant difference. (HR with VTE, 0.66; 95% CI 0.33–1.31; 
P = 0.234, Gray test) (Supplementary Fig. S2). In the next subgroup analysis, there was not significantly difference 
in the risk of bleeding discontinuation between the R group and the E groups in patients with lung cancer (HR 
with rivaroxaban, 1.33; 95% CI 0.31–5.75; P = 0.700, Gray test) and with ILD (HR with rivaroxaban, 2.04; 95% 
CI 0.68–6.14; P = 0.200, Gray test). (Supplementary Table. S2).

The changes of PT–INR
A comparison of the PT–INR between the two groups is shown in Table 3. The PT–INR before initiation of FXa 
inhibitor therapy, and at the time of bleeding discontinuation were not significantly different between the two 
groups. In contrast, PT–INR after initiation of therapy was higher in the R group than in the E group (median 
value, 1.4 vs. 1.2; P < 0.001). In both groups, PT–INR significantly increased before and after treatment initia-
tion (R group: P < 0.001, E group: P < 0.001; Supplementary Fig. S3). Linear regression analysis for PT–INR after 
initiation of therapy was performed. Multivariable analysis showed that rivaroxaban use (regression coefficient 
[B] = 0.18 standard error [SE:0.04], β = 0.35, P < 0.001), and PT–INR before the initiation of therapy (B = 0.67 
[0.11], β = 0.35, P < 0.001) were significant factors (Supplementary Table S3).

Predictive factors of bleeding discontinuation
The results of the Cox proportional hazards analysis with the Fine-Gray model for aborted bleeding discontinua-
tion are shown in Table 4. In univariate analysis, rivaroxaban administration, PT–INR after initiation of therapy, 
and use of non-steroidal anti-inflammatory drugs (NSAIDs) were identified as significant factors. Multivari-
ate analysis using these factors showed that PT–INR after initiation of therapy (HR = 4.37, 95% CI 2.57–7.41: 
P < 0.001) and NSAIDs use (HR = 2.67, 95% CI 1.28–5.55: P = 0.009) were independent predictors. The discrimi-
nant ability of PT–INR values and optimal cut-off values for ROC analysis are shown in Fig. 3. The Area under 

Figure 1.  Schematic diagram of patient selection.
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the ROC Curve (AUC) was 0.72 (95%CI: 0.61–0.83). The optimal cut-off value for the PT–INR after initiation 
of therapy was 1.79 and the sensitivity and specificity were 0.45 and 0.94, respectively.

Discussion
We examined the impact of FXa inhibitors on the PT–INR and risk of bleeding in patients with respiratory 
diseases. Rivaroxaban was found to be associated with increased PT–INR more than edoxaban did, and the 
cumulative incidence of bleeding discontinuation was higher in the R group than in the E group. Multivariable 
analysis demonstrated that after initiation of the therapy, PT–INR and NSAIDs use were independent risk fac-
tors for bleeding discontinuation.

Few studies have investigated the efficacy and safety of DOACs for various pre-existing background disease. 
According to the Hokusai VTE Cancer Clinical Trial and the SELECT-D  trial29,30, the bleeding risk was higher 
with rivaroxaban and edoxaban than with dalteparin in patients with various cancers. One of the strengths of this 
study is that, this is the first time safety profiles of FXa inhibitors in patients with respiratory diseases has been 
examined, with revelation of high frequency of respiratory bleeding in such cases. It is particularly important 
to identify the optimal anticoagulation therapy for this population, because patients with lung cancer, COPD, 
and ILD commonly develop VTE as a complication, often concomitant with cardiac disease, including  AF22–24. 
The progression of lung cancer can induce bloody sputum or hemoptysis; and COPD and ILD are often accom-
panied by bronchopulmonary structural destruction and angiogenesis, which can lead to respiratory bleeding 
due to pulmonary infection, pulmonary edema, and  vasculitis25–27. Thus, the incidence of respiratory bleeding 
was the marked type among all bleeding discontinuations and major bleeding events in this study. It should also 
be noted that this population often uses drugs which can cross-react with FXa inhibitors, such as NSAIDs for 
cancer pain and macrolide antibiotics for chronic respiratory infections, including Pseudomonas aeruginosa 
or non-tuberculosis mycobacteria treatment. Although macrolide antibiotics were not a predictor for either 
bleeding discontinuations or PT–INR after initiation of treatment in multivariate analysis, NSAIDs use was an 
independent risk factor for bleeding discontinuation in the present study.

Table 1.  Baseline characteristics of patients. Data are presented as median (range) or N (%). R group receiving 
rivaroxaban, E group receiving edoxaban, AF atrial fibrillation, VTE venous thromboembolism, DVT deep 
venous thrombosis, PTE pulmonary thromboembolism, COPD chronic obstructive pulmonary disease, ILD 
interstitial lung disease, NTM non-tuberculous mycobacteria, FXa factor Xa, NSAIDS non-steroidal anti-
inflammatory drugs, SSRI selective serotonin reuptake inhibitors, CRP C-reactive protein, eGFR estimated 
glomerular filtration rate. Significant values are in bold.

All (n = 220) R group (n = 82) E group (n = 138) P value

Age (years) 71.0 (66.0–76.0) 70.0 (63.8–74.3) 72.0 (66.8–78.0) 0.080

Male, sex 148 (67.3) 62 (75.6) 86 (62.3) 0.053

Weight (kg) 59.0 (49.8–65.5) 62.0 (52.5–66.6) 55.5 (48.0–64.2) 0.010

Ever-Smokers 141 (64.1) 59 (72.0) 82 (59.4) 0.081

AF 84 (38.2) 40 (48.8) 44 (31.9) 0.015

VTE 139 (63.2) 41 (50.0) 98 (71.0) 0.002

 DVT 126 (57.3) 33 (40.2) 93 (67.4)  < 0.001

 PTE 44 (20.0) 18 (22.0) 26 (18.8) 0.604

Pulmonary disease

 Lung cancer 76 (34.5) 29 (35.4) 47 (34.1) 0.884

 COPD 69 (31.4) 30 (36.6) 39 (28.3) 0.230

 ILD 68 (30.9) 26 (31.7) 42 (30.4) 0.881

 Bronchial asthma 47 (5.8) 17 (20.7) 30 (21.7) 1.000

 Post thoracic surgery 45 (20.5) 22 (26.8) 23 (16.7) 0.084

 Bronchiectasis 11 (5.0) 3 (3.7) 8 (5.8) 0.750

 NTM 7 (3.2) 2 (2.4) 5 (3.6) 1.000

 Others 23 (10.5) 9 (11.1) 14 (10.1) 1.000

Antiplatelet agents 37 (16.8) 11 (13.4) 26 (18.8) 0.354

Interacting drugs with FXa inhibitors 85 (38.6) 26 (31.7) 59 (42.8) 0.117

 NSAIDs 40 (11.8) 10 (12.2) 30 (21.7) 0.103

 SSRI 26 (11.5) 13 (15.9) 13 (9.4) 0.195

 Macrolide antibiotics 17 (7.7) 2 (2.4) 15 (10.9) 0.027

 Herbesser 7 (3.2) 3 (16.7) 3 (8.8) 0.406

Laboratory findings

 CRP (mg/dL) 0.9 (0.2–4.0) 0.8 (0.2–4.0) 0.9 (0.2–4.3) 0.787

 eGFR (mL/min/1.73m2) 60.2 (42.3–81.5) 71.0 (62.0–86.0) 64.0 (41.4–73.3) 0.176
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Based on the results of several previous randomized controlled trials (RCTs) in patients with VTE and AF, 
treatment with DOACs is perceived to be as effective as with VKA and are associated with decrease in severity and 
frequency of  bleeding4–12. However, RCTs are conducted under idealized and rigorously controlled conditions. 
The real-world clinical outcomes of DOAC-treated patients are not necessarily consistent with those of RCTs. 
The number of incidence of major bleeding in patients with VTE or AF has been reported to be 1.1–3.6%/year in 
 RCTs6–11, 5.0–5.7%/year in real-world  studies31–33, and 6.8%/year in our study. In addition, no head-to-head RCTs 
have compared the safety of different DOACs among themselves. In a network meta-analysis including phase 
II or phase III RCTs that evaluated the use of DOACs and VKA for  AF34, usage of edoxaban and rivaroxaban 
showed a significantly increased risk of major bleeding than apixaban. In an exploratory retrospective cohort 

Table 2.  Clinical outcomes during study period. Data are presented as median (range) or N (%). R group 
receiving rivaroxaban, E group receiving edoxaban, FXa factor Xa, VTE venous thromboembolism. Significant 
values are in bold.

All (n = 220) R group (n = 82) E group (n = 138) P value

Observational period, days (median) 152 (56–365) 153 (58–365) 149 (51–365) 0.536

Major bleeding 15 (6.8) 8 (9.8) 7 (5.1) 0.268

 Respiratory bleeding 7 (3.2) 3 (3.7) 4 (2.8) 0.714

 Gastrointestinal bleeding 7 (3.2) 4 (4.9) 3 (2.2) 0.429

Bloody urine 1 (0.5) 1 (1.2) 0 (0) 0.373

Discontinuation events of FXa inhibitors therapy 50 (22.7) 24 (29.2) 26 (18.8) 0.096

Bleeding discontinuation 31 (14.1) 18 (22.0) 13 (9.4) 0.015

 Respiratory bleeding 12 (5.5) 6 (7.3) 6 (4.3) 0.370

 Gastrointestinal bleeding 10 (4.5) 5 (6.1) 5 (3.6) 0.506

 Nose bleeding 4 (1.8) 3 (3.7) 1 (1.4) 0.147

 Subcutaneous bleeding 2 (0.9) 2 (2.4) 0 (0) 0.138

 Bloody urine 2 (0.9) 1 (1.2) 1 (0.7) 1.000

 Genital bleeding 1 (0.5) 1 (1.2) 0 (0) 0.373

Adverse events other than bleeding 11 (5.0) 4 (4.9) 7 (5.1) 1.000

 Renal disorder 4 (1.8) 1 (1.2) 3 (2.2) 1.000

 Digestive symptoms 3 (1.4) 1 (1.2) 2 (1.4) 1.000

 Others 4 (1.8) 2 (2.4) 2 (1.4) 0.630

Thrombosis events 8 (3.6) 2 (2.4) 6 (4.3) 1.000

 Cerebral infarction 4 (1.8) 0 (0) 4 (2.8) 0.299

 Recurrence or development of VTE 4 (1.8) 2 (2.4) 2 (1.4) 0.630

Figure 2.  The difference between cumulative incidence curves of bleeding discontinuation during 
observational period among the patients treated with rivaroxaban or edoxaban. The red and blue lines indicate 
the patients treated with rivaroxaban and edoxaban, respectively.
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study among patients with VTE, the incidence of major bleeding was found to be 4.4%/year in the apixaban 
group and 5.0%/year in the rivaroxaban group, with an HR of apixaban to be 0.86 (95% CI 0.71 to 1.04)33. The 
present study is the first to compare the bleeding risk in patients with respiratory disease treated with rivaroxaban 
versus edoxaban, for VTE or AF. Although the incidence of major bleeding was not significantly different, the 
risk of bleeding discontinuation was significantly higher in the R group than that in the E group. In subgroup 
analysis of lung cancer and ILD patients, no significant difference in the risk of bleeding discontinuation was 
found between the R group and the E groups, suggesting that different underlying pulmonary diseases have dif-
ferent impact on bleeding with each FXa inhibitor.

This study is also the first to show PT–INR after initiation of therapy is a predictor of bleeding events in 
patients with pulmonary diseases. An important aspect of this study is that an association between PT–INR and 
bleeding risk was demonstrated in the enrolled population. FXa inhibitors have predictable pharmacodynamics, 

Table 3.  The changes in PT–INR with FXa inhibitor therapy. Data are presented as HR (95% CI). R group 
receiving rivaroxaban, E group receiving edoxaban; FXa factor Xa; HR hazard ratio; CI confidence interval, PT–
INR prothrombin time international normalized ratio. Significant values are in bold.

R group HR (95% CI) (n = 82) E group HR (95% CI) (n = 138) P value

PT–INR before initiation of therapy 1.1 (1.0–1.1) 1.0 (1.0–1.1) 0.191

PT–INR after initiation of therapy 1.4 (1.1–1.9) 1.2 (1.0–1.3)  < 0.001

PT–INR at bleeding discontinuation 2.3 (2.0–2.5) 2.0 (1.6–2.2) 0.133

Number of PT–INR measurement days between begore and after initia-
tion of therapy 4.0 (3.0–20.0) 4.0 (2.0–15.0) 0.381

Table 4.  Multivariate analyses of predictors of bleeding discontinuation. Data are presented as HR (95% CI). 
R group receiving rivaroxaban, E group: receiving edoxaban, HR hazard ratio, CI confidence interval, NSAIDs 
non-steroidal anti-inflammatory drugs, PT–INR prothrombin time international normalized ratio. Significant 
values are in bold.

Variables HR (95% CI) P value

Univariate analysis

 Rivaroxaban administration 2.35 (1.16–4.77) 0.018

 NSAIDs use 2.64 (1.23–5.64) 0.012

 PT–INR after initiation of therapy 4.54 (2.88–7.16)  < 0.001

Multivariate analysis

 NSAIDs use 2.67 (1.28–5.55) 0.009

 PT–INR after initiation of therapy 4.37 (2.57–7.41)  < 0.001

Figure 3.  ROC analysis of discrimination ability of the optimal cut-off values of PT–INR after initiation of 
therapy to discriminate bleeding discontinuation. PT–INR, prothrombin time international normalized ratio.
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pharmacokinetics, and wide therapeutic windows, and are not inferior in safety compared to VKA. Therefore, 
routine therapeutic monitoring is not considered  necessary13,14. However, it has been shown that FXa inhibi-
tors cause more gastrointestinal bleeding than  VKA21. Thus, a suitable indicator for monitoring the progress is 
desirable. FXa inhibitors suppress the rate of thrombin production and the amount of thrombin by inhibiting 
FXa in the prothrombinase complex; this effect should be reflected relatively well in PT values. In fact, some PT 
assays have been reported to correlate well with the concentrations of rivaroxaban and  edoxaban15–17. The ISTH 
guidelines favor PT and the anti-FXa assay as the tests of choice, respectively for screening and quantification of 
rivaroxaban and  apixaban28. As the reagents used for performing the PT test may vary among different labora-
tories, and even within the same laboratory over time, PT–INR was used in this  study18. Our results showed an 
increase in PT–INR after initiation of FXa inhibitor therapy compared to before treatment, as well as an increase 
in PT–INR at the time of bleeding discontinuation. In particular, rivaroxaban administration was an independ-
ent risk factor for elevated PT–INR after initiation of therapy. In contrast, multivariable analysis showed that 
PT–INR after initiation of therapy, but not rivaroxaban administration, was an independent predictor of bleeding 
discontinuation. This means that rivaroxaban affects PT–INR after the initiation of therapy more than edoxaban 
does, which leads to higher risk of bleeding in the R group than in the E group. Furthermore, from the ROC 
curve, the optimal cut-off value of PT–INR after the initiation of therapy to discriminate bleeding discontinu-
ation was 1.79. This preliminary study indicated that strong evidence for monitoring PT–INR value to reduce 
bleeding risk should be establish by further studies.

This study has several limitations. First, this was a small, retrospective cohort, non-randomized study, which 
might allow for selection bias, high dropout rate and insufficient sample size to support the research results. The 
median weight, and ratio of AF, VTE, and the use of macrolide antibiotics were significantly different between 
the R and E groups although these factors were not associated with discontinuation of bleeding. Furthermore, in 
order to exclude all confounding factors, a clinical trial with the RCT design was required. Second, the number 
of days and time of PT–INR measurements after the initiation of therapy were not standardized. This limitation 
might be particularly related to the low sensitivity of the optimal cut-off value of PT–INR after initiation of treat-
ment to discriminate bleeding discontinuation; this needs be verified in a prospective clinical trial. Third, the 
different condition of each lung disease may have a impact on the frequency of respiratory bleeding. Finally, the 
decision to discontinue FXa therapy was made by individual attending physician without any common guidelines.

Our study indicated that FXa inhibitors can occasionally induce respiratory bleeding in patients with res-
piratory diseases. Although the bleeding risk with rivaroxaban therapy was higher than that with edoxaban, 
PT–INR after initiation of therapy was a predictor of bleeding discontinuation. To ensure safety, PT–INR should 
be monitored when administering FXa inhibitors to these patients.

Methods
Patient selection
This was a retrospective cohort study. We reviewed the medical records of patients with a history of FXa inhibi-
tor prescription (rivaroxaban or edoxaban), for VTE or AF, in our hospital from April 2013 to April 2021. All 
patients diagnosed with respiratory disease by respiratory medicine specialists at our hospital were screened 
for eligibility. Patients were excluded if they had an obvious bleeding tendency (e.g., disseminated intravascular 
coagulation in critically ill patients, hematologic diseases causing platelet decline, extensive cerebral infarction 
with a high risk of hemorrhagic infarction), a history of clinically relevant bleeding and a creatinine clearance 
of < 15 mL/min. Patients who had started FXa inhibitor therapy at another hospital, or those without PT–INR test 
results were also excluded. The enrolled patients were divided into two groups (R group or E group) according 
to whether they received rivaroxaban or edoxaban, respectively. This study was conducted in accordance with 
the principles of the Declaration of Helsinki. The institutional review board of Kumamoto University Hospital 
approved this study (approval number: 2635), and waived written informed consent because of the retrospec-
tive nature of the study design, but we applied Opt-out method and obtained informed consent on the web-site.

Definition of bleeding events
Bleeding discontinuation was defined as the discontinuation of FXa inhibitor therapy due to adverse bleeding 
events. Respiratory bleeding included bloody sputum, hemoptysis, and alveolar hemorrhage. In accordance with 
the criteria of the International Society on Thrombosis and Haemostasis (ISTH), major bleeding was defined as 
overt bleeding that was associated with a decrease in the hemoglobin level ≥ 2 g/dL, leading to a transfusion of 
two or more units of blood, occurred at a critical site, or contributed to  death28

Outcomes
Enrolled patients were followed-up in our hospital inpatient or outpatient settings. The observation period 
was defined as the time from the day of initiation of FXa inhibitor therapy (day 0) to day 365, or from day 0 to 
the day of discontinuation of therapy due to adverse events, including bleeding discontinuation or thrombotic 
events such as VTE and cerebral infarction. Patients withdrawn from the study due to other causes such as 
hospital transfer or discontinuation of therapy by patient’s request, were censored. The cumulative incidence of 
bleeding discontinuation during the observation period was compared between Groups R and E. We examined 
the PT–INR before initiation of FXa inhibitor therapy (before initiation of therapy), at the first measurement 
within one month after initiation of therapy (after initiation of therapy), and at the time of bleeding discontinu-
ation. PT–INR values before and after the initiation of therapy were compared between the R and E groups. 
Furthermore, relationship between the PT–INR and bleeding risk was analyzed. Predictive factors for bleeding 
discontinuation were identified. Patients withdrawn from the study due to cessation of follow-up for reasons 
other than adverse and thrombotic events, such as hospital transfer, were censored.
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Data collection and statistical analysis
All clinical and laboratory data were collected from the patients’ medical records. Nonparametric summaries 
were performed for the continuous scale, and the medians and interquartile ranges (IQR) were calculated. The 
Mann–Whitney U test was used to compare the two groups. The change in the PT–INR with FXa inhibitor 
therapy was analyzed using the Wilcoxon signed-rank sum test. We conducted survival analysis with bleeding 
discontinuation as an event. Cumulative incidence analysis (Gray’s test) and Cox proportional hazards model 
analysis with the Fine-Gray model were performed, in which discontinuation of therapy due to adverse events 
other than bleeding or thrombosis events were treated as competing risks to bleeding discontinuation. After 
univariate analysis including all of variables, multivariable analysis was conducted, in which the factors that were 
significant in the univariate analysis were analyzed using a stepwise variable selection method. Survival Receiver 
Operating Characteristic (ROC) analysis was performed to evaluate the discriminatory ability of PT–INR for the 
occurrence of aborted bleeding events, and to calculate the optimal cut-off value. The optimal cutoff value was 
determined using the Youden Index method. In addition, the effects of patient’s background and drug adminis-
tration history on PT–INR after therapy initiation were evaluated using linear regression analysis. Multivariable 
analysis was performed, together with the Cox regression model described above.

A two-sided P value of < 0.05 was considered statistically significant. All statistical analyses were performed 
using SPSS for Windows version 23.0 (IBM Japan, Tokyo, Japan).

Data availability
The datasets used or analyzed during the current study available from the corresponding author on reasonable 
request.

Received: 26 January 2023; Accepted: 15 February 2024

References
 1. Stevens, S. M. et al. Antithrombotic therapy for VTE disease: Second update of the CHEST guideline and expert panel report. 

Chest 160(6), e545–e608 (2021).
 2. Ortel, T. L. et al. American Society of Hematology 2020 guidelines for management of venous thromboembolism: Treatment of 

deep vein thrombosis and pulmonary embolism. Blood Adv. 4(19), 4693–4738 (2020).
 3. Hindricks, G. et al. 2020 ESC Guidelines for the diagnosis and management of atrial fibrillation developed in collaboration with 

the European Association for Cardio-Thoracic Surgery (EACTS): The Task Force for the diagnosis and management of atrial 
fibrillation of the European Society of Cardiology (ESC) Developed with the special contribution of the European Heart Rhythm 
Association (EHRA) of the ESC. Eur. Heart J. 42(40), 373–498 (2021).

 4. Schulman, S. et al. Treatment of acute venous thromboembolism with dabigatran or warfarin and pooled analysis. Circulation 
129(7), 764–772 (2014).

 5. Agnelli, G. et al. Oral apixaban for the treatment of acute venous thromboembolism. N. Engl. J. Med. 369(9), 799–808 (2013).
 6. Buller, H. R. et al. Edoxaban versus warfarin for the treatment of symptomatic venous thromboembolism. N. Engl. J. Med. 369(15), 

1406–1415 (2013).
 7. Buller, H. R. et al. Oral rivaroxaban for the treatment of symptomatic pulmonary embolism. N. Engl. J. Med. 366(14), 1287–1297 

(2012).
 8. Connolly, S. J. et al. Dabigatran versus warfarin in patients with atrial fibrillation. N. Engl. J. Med. 361(12), 1139–1151 (2009).
 9. Granger, C. B. et al. Apixaban versus warfarin in patients with atrial fibrillation. N. Engl. J. Med. 365(11), 981–992 (2011).
 10. Giugliano, R. P. et al. Edoxaban versus warfarin in patients with atrial fibrillation. N. Engl. J. Med. 369(22), 2093–2104 (2013).
 11. Patel, M. R. et al. Rivaroxaban versus warfarin in nonvalvular atrial fibrillation. N. Engl. J. Med. 365(10), 883–891 (2011).
 12. Dogliotti, A., Paolasso, E. & Giugliano, R. P. Current and new oral antithrombotics in non-valvular atrial fibrillation: A network 

meta-analysis of 79808 patients. Heart 100(5), 396–405 (2014).
 13. Trujillo, T. & Dobesh, P. Clinical use of rivaroxaban: Pharmacokinetic and pharmacodynamic rationale for dosing regimens in 

different indications. Drugs 74(14), 1587–1603 (2014).
 14. Bounameaux, H. & Reber, G. New oral anticoagulants: A need for laboratory monitoring. Against. J. Thromb. Haemost. 8(4), 

627–630 (2010).
 15. Samuelson, B. T., Cuker, A., Siegal, D. M., Crowther, D. M. & Garcia, D. A. Laboratory assessment of the anticoagulant activity of 

direct oral anticoagulants. A systematic review. CHEST 151(1), 127–138 (2017).
 16. Gosselin, R. C. et al. Evaluating the use of commercial drug-specific calibrators for determining PT and APTT reagent sensitivity 

to dabigatran and rivaroxaban. Thromb. Haemost. 113(1), 77–84 (2015).
 17. Van Blerk, M. et al. Influence of dabigatran and rivaroxaban on routine coagulation assays: A nationwide Belgian survey. Thromb. 

Haemost. 113(1), 154–164 (2015).
 18. Tripodi, A., Chantarangkul, V., Guinet, C. & Samamaet, M. M. The international normalized ratio calibrated for rivaroxaban 

has the potential to normalize prothrombin time results for rivaroxaban-treated patients: Results of an in vitro study. J. Thromb. 
Haemost. 9(1), 226–228 (2011).

 19. Mendell, J., Tachibana, M., Shi, M. & Kunitada, S. Effects of food on the pharmacokinetics of edoxaban, an oral direct factor Xa 
inhibitor, in healthy volunteers. J. Clin. Pharmacol. 51(5), 687–694 (2011).

 20. Sennesael, A. et al. Rivaroxaban plasma levels in patients admitted for bleeding events: Insights from a prospective study. Thromb. 
J. 16, 28 (2018).

 21. Ruff, C. T. et al. Comparison of the efficacy and safety of new oral anticoagulants with warfarin in patients with atrial fi brillation: 
A meta-analysis of randomised trials. Lancet 383(9921), 955–962 (2014).

 22. Pastori, D. et al. Thromboembolism, mortality, and bleeding in 2,435,541 atrial fibrillation patients with and without cancer: A 
nationwide cohort study. Cancer 127(12), 2122–2129 (2021).

 23. Sprunger, D. B. et al. Pulmonary fibrosis is associated with an elevated risk of thromboembolic disease. Eur. Respir. J. 39(1), 125–132 
(2012).

 24. Kubota, Y. et al. Lung function, respiratory symptoms and venous thromboembolism risk: The Atherosclerosis Risk in Communi-
ties Study. J. Thromb. Haemost. 14(12), 2394–2401 (2016).

 25. Horsted, F., West, J. & Grainge, M. J. Risk of venous thromboembolism in patients with cancer: A systematic review and meta-
analysis. PLoS Med. 9(7), e1001275 (2012).

 26. Earwood, J. S. & Thompson, T. D. Hemoptysis: Evaluation and management. Am. Fam. Physician 91(4), 243–249 (2015).
 27. Lara, A. R. & Schwarz, M. I. Diffuse alveolar hemorrhage. CHEST 137(5), 1164–1171 (2010).



8

Vol:.(1234567890)

Scientific Reports |         (2024) 14:4039  | https://doi.org/10.1038/s41598-024-54714-5

www.nature.com/scientificreports/

 28. Baglin, T. et al. Measuring Oral Direct Inhibitors (ODIs) of thrombin and factor Xa: A recommendation from the Subcommittee 
on Control of Anticoagulation of the Scientific and Standardisation Committee of the International Society on Thrombosis and 
Haemostasis. J. Thromb. Haemost. 11(4), 756–760 (2013).

 29. Raskob, G. E. et al. Edoxaban for the treatment of cancer-associated venous thromboembolism. N. Engl. J. Med. 378(7), 615–624 
(2018).

 30. Young, A. M. et al. Comparison of an oral factor Xa inhibitor with low molecular weight heparin in patients with cancer with 
venous thromboembolism: Results of a randomized trial (SELECT-D). J. Clin. Oncol. 36(20), 2017–2023 (2018).

 31. Gregory, Y. H. L. et al. Effectiveness and safety of oral anticoagulants among nonvalvular atrial fibrillation patients. Stroke 49(12), 
2933–2944 (2018).

 32. Köhler, C. et al. Effectiveness and safety of edoxaban therapy in daily-care patients with atrial fibrillation. Results from the DRES-
DEN NOAC REGISTRY. Thromb. Res. 215, 37–40 (2022).

 33. Pawar, A. et al. Association of type of oral anticoagulant dispensed with adverse clinical outcomes in patients extending antico-
agulation therapy beyond 90 days after hospitalization for venous thromboembolism. JAMA 327(11), 1051–1060 (2022).

 34. López-López, J. A. et al. Oral anticoagulants for prevention of stroke in atrial fibrillation: Systematic review, network meta-analysis, 
and cost effectiveness analysis. BMJ 359, j5058 (2017).

Acknowledgements
We thank Editage (www. edita ge. cn) for the English language editing. We are grateful for the support from the 
Department of Medical Statistics, Satista Co., Ltd., for statistical analysis.

Author contributions
T.S. contributed to study design, writing, and manuscript review. K.M., K.A., H.O., A.M., Y.T., and H.I. contrib-
uted to study design and manuscript review. SH and TS contributed to the conceptualization and design of the 
study, supervised the study, collected the data, and wrote the manuscript. S. H., K.M., and T.S. contributed to the 
data, statistical analyses, and all figures. All authors contributed to the interpretation of data and editing of the 
manuscript. As the study guarantor, T.S. was responsible for the overall content of this manuscript.

Funding
This work was supported by JSPS KAKENHI Grant Number 21K08157.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 024- 54714-5.

Correspondence and requests for materials should be addressed to S.H.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2024

http://www.editage.cn
https://doi.org/10.1038/s41598-024-54714-5
https://doi.org/10.1038/s41598-024-54714-5
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	The impact of factor Xa inhibitors on bleeding risk in patients with respiratory diseases
	Results
	Patient characteristics
	The incidence of discontinuation of therapy
	The changes of PT–INR
	Predictive factors of bleeding discontinuation

	Discussion
	Methods
	Patient selection
	Definition of bleeding events
	Outcomes
	Data collection and statistical analysis

	References
	Acknowledgements


