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Abstract 

Background:  The association between prothrombin time-international normalized ratio (PT-INR) and long-term 
prognosis among patients with coronary artery disease (CAD) without atrial fibrillation or anticoagulant therapy was 
still unclear. We analyzed the association of PT-INR levels and long-term mortality in a large cohort of CAD patients 
without atrial fibrillation or using of anticoagulant drugs.

Methods:  We obtained data from 44,662 patients who were diagnosed with CAD and had follow-up information 
from January 2008 to December 2018. The patients were divided into 4 groups (Quartile 1: PT-INR ≤ 0.96; Quartile2: 
0.96 < PT-INR ≤ 1.01; Quartile3: 1.01 < PT-INR ≤ 1.06; Quartile4: PT-INR > 1.06). The main endpoint was long-term all-
cause death. Kaplan–Meier curve analysis and Cox proportional hazards models were used to investigate the associa-
tion between quartiles of PT-INR levels and long-term all-cause mortality.

Results:  During a median follow-up of 5.25 years, 5613 (12.57%) patients died. We observed a non-linear shaped 
association between PT-INR levels and long-term all-cause mortality. Patients in high PT-INR level (Quartile4: PT-
INR > 1.06) showed a significantly higher long-term mortality than other groups (Quartile2 or 3 or 4), (Compared with 
Quartile 1, Quartile 2 [0.96 < PT-INR ≤ 1.01], aHR = 1.00, 95% CI 0.91–1.00, P = 0.99; Quartile 3 [1.01 < PT-INR ≤ 1.06], 
aHR = 1.10, 95% CI 1.01–1.20, P = 0.03; Quartile 4 [PT-INR > 1.06], aHR = 1.33, 95% CI 1.22–1.45, P < 0.05).

Conclusions:  Our study demonstrates high levels of PT-INR were associated with an increased risk of all-cause 
mortality.

Keywords:  Coronary artery disease, International normalized-ratio, All-cause mortality

© The Author(s) 2022. 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 Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
The prothrombin time-international normalized ratio 
(PT-INR), as a reliable marker of coagulation abnormali-
ties [1], usually used for monitoring patients on oral anti-
coagulant therapy. A lower PT-INR level reflects a higher 
risk of thrombosis [2], while a higher PT-INR level indi-
cates a higher risk of bleeding [3].
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Previous studies have focus on the optimal range of 
PT-INR in patients treating with oral anticoagulant 
therapy, such as atrial fibrillation (AF) [4, 5], in which 
has found the significant relationship between PT-INR 
level and long-term mortality [6, 7]. PT-INR is regulated 
by multiple coagulation factors synthesized in the liver 
and is widely used to monitor anticoagulation, to assess 
hepatic function, and to evaluate coagulation abnor-
malities. Previous studies revealed that PT-INR level 
was closely related to status of inflammation among seri-
ous of diseases [8, 9]. Similarly, some studies showed a 
higher PT-INR level was significantly associated mortal-
ity in patients undergoing endarterectomy [10], or with 
acute heart failure [11]. After excluding patients on oral 
anticoagulation therapy or AF, PT-INR still become an 
independent prognostic factor among ischemic stroke 
patients [12]. Coronary heart disease is the most com-
mon type of organ disease caused by atherosclerosis, and 
it is often accompanied by a high risk of thrombosis and 
bleeding. Most studies on PT-INR were mostly limited to 
patients receiving anticoagulation therapy. However, the 
relationship between PT-INR and long-term all-cause 
mortality in CAD patients without atrial fibrillation is not 
as clearly defined, particularly in the absence of antico-
agulant therapy.

Therefore, we aim to investigate the association 
between the PT-INR and all-cause mortality in CAD 
patients without atrial fibrillation or oral anticoagulant 
therapy.

Methods
Study design and participants
This observational prospective study was completed in 
Guangdong Provincial People’s Hospital (ClinicalTri-
als.gov NCT04407936) [13]. A total of 88,939 patients 
underwent coronary angiography from January 2008 to 
December 2018. 59,667 patients with a final diagnosis of 
CAD according to the 10th Revision Codes of the Inter-
national Classification of Diseases (ICD-10; I20.xx–I25.
xx, I50.00001 and I91.40001, Additional file 1: Table S1). 
A total of 44,662 CAD patients were included in the 
final analysis after excluding patients who lacked off PT-
INR levels, follow-up information and diagnosed with 
AF, took warfarin or new oral anticoagulant (Additional 
file 3: Figure S1). This research program was performed 
according to the Declaration of Helsinki and approved by 
The Ethics Committee of Guangdong Provincial People’s 
Hospital.

Baseline information such as demographic characteris-
tics, clinical settings, laboratory examinations and medi-
cations at discharge were extracted from the electronic 

Clinical Management System of the Guangdong Provin-
cial People’s Hospital.

PT-INR was measured using the reagent, HemosIL 
RecombiPlasTin 2G on a STA-R EVOLUTION auto-
mated coagulation analyzer (Diagnostica Stago, Asnières, 
France). Coronary angiography (CAG) or percutaneous 
coronary intervention (PCI) was performed in accord-
ance with standard clinical practice guidelines [14, 15]. 
Additional informed consent was obtained from all 
patients for whom identifying information is included in 
this article.

Definition and endpoint
We calculated the estimated glomerular filtration rate 
(eGFR) by applying the Modification of Diet in Renal 
Disease (MDRD) equation [16], chronic kidney dis-
ease (CKD) was defined an estimated glomerular filtra-
tion rate (eGFR) ≤ 60 mL/min/1.73 m2. Congestive heart 
failure (CHF) was defined as New York Heart Associa-
tion (NYHA) class > 2 or Killip class > 1. Diabetes mel-
litus (DM) and hypertension were defined using the 
ICD-10 code (Additional file  1: Table  S1). The primary 
endpoint of this study was long-term all-cause death, 
incident events were defined as the first event occurring 
between the date of enrollment and the end of follow-up 
of December 31, 2018. Trained nurses monitored and 
recorded follow-up data through outpatient interviews 
and telephones.

Statistical analysis
Statistical analysis for this study was performed from 
January 1, 2008 to December 31, 2018. We divided 
the patients into 4 groups according to the quartile of 
PT-INR level (Quartile 1: PT-INR ≤ 0.96; Quartile2: 
0.96 < PT-INR ≤ 1.01; Quartile3: 1.01 < PT-INR ≤ 1.06; 
Quartile4: PT-INR > 1.06). We reported descriptive sta-
tistics by means (SD), median (interquartile range [IQR]), 
or number and percentage when appropriate. The dif-
ferences between different groups were analyzed with 
one-way analysis of variance (ANOVA). When analyzing 
categorical data, we used the Pearson chi-squared test. 
Kaplan–Meier methods and survival curves were used 
for prognosis analysis. Log-rank test was conducted to 
compare the survival differences between the four groups 
of patients.

We used cox proportional hazards regression models 
and restricted cubic splines to evaluate the relationship 
between PT-INR levels and all-cause mortality in CAD 
patients. Hazard ratios and 95% CIs are reported. Model 
1 was unadjusted, Model 2 adjusted for age (as continu-
ous variable) and gender, Model 3 was adjusted for CKD. 
Model 4, as the primary results, was adjusted with the 
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variables which were significant at P < 0.05 according 
to univariate Cox proportional hazards regression, and 
associated with mortality according to clinical experience 
(included history of present illness information). The 
proportional hazards assumption was tested with the use 
of Schoenfeld residuals. We conducted sensitivity analy-
sis in different subgroups stratified by PCI, AMI, CKD 
and DM. All data analyses were performed using R (ver-
sion 3.6.3; R Core Team, Vienna, Austria). P values < 0.05 
were considered to represent statistical significance.

Result
Clinical characteristics
A total of 44,662 patients were included in the final anal-
yses. Baseline clinical of the study patients are shown 
in Table  1. The mean age was 62.96 ± 10.71  years, and 
33,938 (75.99%) was male. The distribution of PT-INR 
as follows: mean, 1.02 ± 0.13, and patients were divided 
into four groups: (Quartile 1: PT-INR ≤ 0.96; Quartile 2: 
0.96 < PT-INR ≤ 1.01; Quartile 3: 1.01 < PT-INR ≤ 1.06; 
Quartile 4: PT-INR > 1.06). 8544 (19.15%) patients 

Table 1  Baseline characteristics of the patients

AMI acute myocardial infarction, CHF congestive heart failure, DM diabetes mellitus, PCI percutaneous coronary intervention, CKD chronic kidney disease, WBC white 
blood cell, HGB hemoglobin, CHOL serum total cholesterol, LDL-C low-density lipoprotein cholesterol, HDL-C hight-density lipoprotein cholesterol, HbA1c Glycated 
hemoglobin, eGFR estimated glomerular filtration rate, ALB albumin, Hs-CRP hypersensitive C-reactive protein, ACEI/ARB angiotensin-converting enzyme inhibitor/
angiotensin receptor blocker, AST aspartate transaminase, ALT alanine aminotransferase, FIB fibrinogen

Characteristic PT-INR level quartile

Overall  ≤ 0.96 0.96–1.01 1.01–1.06  > 1.06 p Value

(n = 44,662) (n = 12,014) (n = 12,389) (n = 9936) (n = 10,323)

Demographic

Age, year 62.96 (10.71) 60.98 (10.15) 62.31 (10.54) 63.75 (10.72) 65.28 (11.01)  < 0.001

Male, n (%) 33,938 (75.99) 8583 (71.44) 9353 (75.49) 7688 (77.38) 8314 (80.54)  < 0.001

Medical history

AMI, n (%) 8544 (19.15) 1447 (12.06) 1931 (15.60) 1973 (19.88) 3193 (30.98)  < 0.001

CHF, n (%) 3830 (8.58) 601 (5.01) 761 (6.15) 820 (8.26) 1648 (15.98)  < 0.001

Hypertension, n (%) 25,415 (56.98) 6920 (57.68) 7021 (56.74) 5732 (57.76) 5742 (55.70) 0.007

DM, n (%) 12,423 (27.85) 3582 (29.85) 3384 (27.35) 2564 (25.84) 2893 (28.07)  < 0.001

PCI, n (%) 33,284 (74.52) 8746 (72.80) 9142 (73.79) 7464 (75.12) 7932 (76.84)  < 0.001

CKD, n (%) 7833 (21.56) 1479 (15.49) 1803 (18.18) 1764 (21.77) 2787 (31.79)  < 0.001

Laboratory test

INR 1.02 (0.13) 0.93 (0.03) 0.99 (0.01) 1.04 (0.01) 1.15 (0.20)  < 0.001

D-dimer (ng/mL) 624.48 (1256.03) 474.66 (810.95) 514.92 (863.34) 605.73 (1116.67) 949.80 (1956.06)  < 0.001

FIB, g/L 4.12 (1.28) 4.03 (1.04) 4.07 (1.18) 4.14 (1.31) 4.26 (1.59)  < 0.001

ALT (U/L) 34.36 (84.89) 31.91 (28.61) 30.99 (54.32) 30.65 (31.11) 44.78 (159.84)  < 0.001

AST (U/L) 48.92 (196.68) 33.70 (44.46) 36.43 (55.56) 42.20 (70.42) 88.06 (393.12)  < 0.001

WBC, 109/L 7.97 (2.71) 7.73 (2.14) 7.73 (2.31) 7.84 (2.60) 8.67 (3.59)  < 0.001

HGB, g/L 133.13 (16.75) 136.64 (14.81) 134.83 (15.58) 132.29 (16.44) 127.82 (18.98)  < 0.001

CHOL, mmol/L 4.54 (1.21) 4.87 (1.27) 4.59 (1.18) 4.41 (1.13) 4.21 (1.14)  < 0.001

TRIG, mmol/L 1.67 (1.22) 2.05 (1.68) 1.69 (1.11) 1.53 (0.93) 1.34 (0.76)  < 0.001

LDLC, mmol/L 2.80 (0.97) 2.97 (1.01) 2.84 (0.97) 2.73 (0.93) 2.63 (0.94)  < 0.001

HDLC, mmol/L 1.00 (0.26) 1.04 (0.27) 1.00 (0.25) 0.98 (0.25) 0.95 (0.25)  < 0.001

HbA1c, % 6.56 (1.42) 6.69 (1.52) 6.53 (1.38) 6.51 (1.39) 6.50 (1.37)  < 0.001

URIC, μmol/L 393.52 (110.49) 393.45 (102.21) 389.57 (102.89) 390.74 (109.23) 401.10 (128.07)  < 0.001

eGFR, ml/min/1.73 m2 77.95 (25.22) 82.87 (25.19) 79.64 (23.69) 77.33 (24.39) 71.25 (26.18)  < 0.001

ALB, g/L 36.37 (4.22) 37.40 (3.79) 36.93 (3.88) 36.31 (4.03) 34.55 (4.65)  < 0.001

Hs-CRP, mg/L 12.07(22.75) 6.24 (11.82) 8.66 (18.00) 11.60 (23.36) 23.40 (40.60)  < 0.001

Medication

Antiplatelet, n (%) 42,965 (97.41) 11,606 (97.34) 11,945 (97.24) 9596 (97.59) 9818 (97.54) 0.318

ACEI/ARB, n (%) 22,110 (50.13) 5801 (48.65) 6130 (49.90) 4942 (50.26) 5237 (52.03)  < 0.001

Beta-blockers, n (%) 35,957 (81.52) 9804 (82.23) 10,039 (81.72) 8008 (81.44) 8106 (80.53) 0.012

Statin, n (%) 42,274 (95.85) 11,488 (96.35) 11,812 (96.16) 9434 (95.94) 9540 (94.77)  < 0.001

Death, n (%) 5613 (12.57) 1116 (9.29) 1426 (11.51) 1249 (12.57) 1822 (17.65)  < 0.001
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with acute myocardial infarction (AMI), 7833 (21.56%) 
patients complicated with CKD and 3830 (8.58%) 
patients identified in CHF, 33,284 (74.52%) patients 
underwent PCI treatment (Table 1).

Main outcomes
5,613 (12.57%) patients died in total during the median 
follow-up period of 5.25  years. Our result revealed that 
patients had significantly higher incidence of long-term 
mortality with increasing PT-INR level (Fig. 1).

By Univariate regression analysis, we found such as 
age, DM, CKD and so on were risk factors of the long-
term all-cause mortality (Additional file  2: Table  S2). 
Patients in higher PT-INR level developed a significantly 
higher long-term mortality than other group in multi-
variate cox models, (Compared with Quartile 1, Quartile 
2 [0.96 < PT-INR ≤ 1.01], aHR = 1.00, 95% CI 0.91–1.00, 
P = 0.99; Quartile 3 [1.01 < PT-INR ≤ 1.06], aHR = 1.10, 
95% CI 1.01–1.20, P = 0.03; Quartile 4 [Quartile4: PT-
INR > 1.06], aHR = 1.33, 95% CI 1.22–1.45, P < 0.05) 
(Fig.  2). We observed the risk of all-cause mortality 
increase with the increase of PT-INR levels in the uni-
variate and multivariate cox models of restricted cubic 
splines (Fig. 3).

Sensitivity analysis
Sensitive analysis was conducted in different subgroups 
to explore the relationship between PT-INR levels and 
all-cause mortality. We observed the stable association 
between PT-INR levels and long-term mortality in most 

subgroups, although the risk of higher PT-INR level was 
reduced slightly in AMI patients (Fig. 4).

Discussion
To the best of our knowledge, this is the first study to 
estimate the association of baseline PT-INR level and 
long-term all-cause mortality in a large cohort of CAD 
patients without atrial fibrillation or oral anticoagulant 
therapy. We found that higher PT-INR level, rather than 
lower PT-INR, is an independent predictor of all-cause 
mortality in CAD patients.

As a common indicator reflecting coagulation func-
tion, PT-INR is widely used in patients with atrial fibril-
lation treated by warfarin. The optimal PT-INR range 
of warfarin in the treatment of atrial fibrillation (AF) is 
about 2–3, which can reduce the occurrence of bleed-
ing or thrombus events [7, 17]. A research found that an 
adjusted-dose warfarin (PT-INR 2.0–3.0) importantly 
reduces stroke for high-risk patients in patients with AF 
and at least one thromboembolic risk factor [18]. The 
guideline recommend a target PT-INR of 2.0–2.5 for AF 
patients undergoing percutaneous intervention, because 
the risk of bleeding will increase sharply when the PT-
INR is above the target therapeutic range [19]. A previous 
study showed that both the increase and decrease of PT-
INR will worsen the condition of heart failure patients 
with non-valvular atrial fibrillation and further increase 
the risk of death [20]. Tan et al. found that the higher PT-
INR (> 1.2) was closely related to the long-term worse 
prognosis after arterial stripping [10]. Delgado et al. [21] 
also found that PT-INR INR was an independent risk fac-
tor in patients undergoing CAG without oral anticoagu-
lant therapy. While, Delgado et al. focused on caucasians 
and didn’t excluded patients with AF, which may affected 
the conclusion by selection bias. An increased body of 
evidence demonstrate that East Asian population has a 
lower risk of atherothrombotic event and a higher ten-
dency of serious bleeding during antithrombotic treat-
ment compared with Caucasians [22]. In order to further 
research, this study was carried out based on Chinese 
patients in order to figure out the relationship between 
PT-INR level and long-term mortality in CAD patients 
without anticoagulant therapy. The result of this study 
revealed a similar conclusion, a J-shaped relationship 
between PT- INR and long-term mortality with a larger 
cohort. In the hypothesis, higher PT-INR levels should be 
more beneficial to CAD patients, while our study found 
that patients with a higher PT-INR level had higher risk 
of long-term mortality compared patients with lower 
PT-INR levels when complicated CAD without anti-
coagulation therapy. Many studies revealed that exists 
a significant variability in the coagulation factor levels 
between patients affected by acute coronary syndrome 

Fig. 1  Kaplan–Meier curves for quartile values of plasma levels 
of PT-INR. Quartile1: PT-INR ≤ 0.96; Quartile2: 0.96 < PT-INR ≤ 1.01; 
Quartile3: 1.01 < PT-INR ≤ 1.06; Quartile4: PT-INR > 1.06



Page 5 of 9Liu et al. BMC Cardiovascular Disorders          (2022) 22:297 	

(ACS). This variation on coagulation factors levels is 
due to environmental or genetic determinants [23]. In 
patients with CAD, especially AMI, the formation of 
coronary thrombosis can significantly increase the risk 

of death [24]. Previous study found that a higher occur-
rence of ischemic complications after ACS may relate 
to a “hypercoagulable status”, which implied that higher 
PT-INR level is suitable for ACS patients [25]. Eikelboom 

Fig. 2  Cox proportional hazard ratios for long-term all-cause mortality in different models. Model 1: Cox proportional hazard ratio for long-term 
all-cause mortality unadjusted. Model 2: Cox proportional hazard ratio for long-term all-cause mortality adjusted for age > 75 and gender. Model 
3: Cox proportional hazard ratio for long-term all-cause mortality adjusted for CKD. Model 4: Cox proportional hazard ratio for long-term all-cause 
mortality adjusted for multiple variables



Page 6 of 9Liu et al. BMC Cardiovascular Disorders          (2022) 22:297 

Fig. 3  Restricted spline curve of the HbA1c hazard ratio for mortality. A The restrict spline curve of univariate cox model. B The restrict spline curve 
of multivariate cox model, adjusted for age, gender, AMI, hypertension, DM, CKD, PCI, CHF, hemoglobin, LDL-C, AST, ALT and FIB

Fig. 4  Multivariable cox proportional hazard ratios for long-term all-cause mortality in Subgroups stratified by PCI, AMI, CKD and DM
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et al. enrolled 27,395 patients with stable atherosclerotic 
vascular disease found that rivaroxaban (2.5  mg twice 
daily) plus aspirin had better cardiovascular outcomes 
and more major bleeding events than those assigned to 
aspirin alone and that rivaroxaban (5  mg twice daily) 
alone did not result in better cardiovascular outcomes 
than aspirin alone and resulted in more major bleeding 
events [26]. This result implied that CAD patients need 
to keep a balance between the risk of bleeding and coagu-
lation, which consist with our result.

PT-INR is the ratio of a patient’s PT to a normal (con-
trol) sample and elevated level reflect the risks of bleed-
ing. Bleeding is a common complication in CAD patients, 
especially in those with ACS [27–29]. Previous study 
found that plaque hemorrhage is considered as high-risk 
unstable plaque marker [30], which is commoner among 
the old patients [31]. Therefore, the lower risk of bleed-
ing may help limit the formation of bleeding within the 
plaque, which furtherly stabilizes atherosclerotic plaque 
and reduce the risk of cardiovascular events and death. 
Moreover, the activation of inflammation and blood 
coagulation pathways play an important role in the 
pathogenesis of cardiovascular diseases [32], which can 
activate each other and affect the prognosis of cardiovas-
cular diseases. Some researches proved that inflamma-
tion could prolong PT and increase the risk of bleeding, 
so higher PT-INR may reflect the active status of inflam-
mation. Meanwhile, the activation of the coagulation sys-
tem could also accelerate the occurrence of inflammation 
and lead to a poor prognosis.

Previous studies and clinical practices on CAD patients 
may focus more on the risk of thrombus load. Our 
research indicated that higher PT-INR is an independ-
ent risk factor of long-term mortality for CAD patients. 
Previous studies found that dual antiplatelet therapy 
(DAPT) with aspirin and a P2Y12 inhibitor reduces 
ischemic recurrences in CAD patients treated with 
PCI, but increases bleeding events [33, 34]. Our results 
implied that it is necessary to balance the risk of bleed-
ing and coagulation in these patients in order to improve 
the prognosis. Further studies are needed to detective 
the association between PT-INR and bleeding risk in 
the treatment of CAD patients.

Limitation
There are several limitations in this study. Firstly, our 
study included patients from a single center, which may 
limit the external applicability of the results. However, 
our cohort is representative because the hospital is the 
largest cardiovascular center in southern China, involv-
ing more than 40,000 patients from southern cities. 

Secondly, as an observational study, there are uncertain 
risk factors (such as lifestyle, malignancy) that may cause 
residual confounding effects on long-term mortality. But 
the results in our study have adjusted for possible prog-
nostic confounders.

Conclusion
Our study firstly demonstrates high levels of PT-INR 
were associated with an increased risk of all-cause mor-
tality. Further studies are needed to detective the asso-
ciation between PT-INR and bleeding risk among CAD 
patients.
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