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Background: The International Normalized Ratio (INR) is significantly associated with Hepatic Encephalopathy (HE) in patients with liver cirrhosis. However, the dose-response relationship between continuous INR changes and HE risk has not been clearly defined. Thus, our goal was to explore the continuous relationship between HE and INR among patients hospitalized with liver cirrhosis and to evaluate the role of the INR as a risk factor for HE in these patients.

Methods: A total of 6,266 people were extracted from the Big Data Platform of the Medical Data Research Institute of Chongqing Medical University. In this study, unconditional logistic regression and restricted cubic spline (RCS) model were used to analyze the dose-response association of INR with HE. Alcoholic liver disease, smoking status, and drinking status were classified for subgroup analysis.

Results: The prevalence of HE in the study population was 8.36%. The median INR was 1.4. After adjusting for alcoholic liver disease, age, smoking status, drinking status, total bilirubin, neutrophil percentage, total hemoglobin, aspartate aminotransferase, serum sodium, albumin, lymphocyte percentage, serum creatinine, red blood cell, and white blood cell, multivariate logistic regression analysis revealed that INR ≥ 1.5 (OR = 2.606, 95% CI: 2.072–3.278) was significantly related to HE risk. The RCS model showed a non-linear relationship between the INR and HE (non-linear test, χ2 = 30.940, P < 0.001), and an increased INR was an independent and adjusted dose-dependent risk factor for HE among patients with liver cirrhosis.

Conclusion: This finding could guide clinicians to develop individualized counseling programs and treatments for patients with HE based on the INR risk stratification.
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INTRODUCTION

Hepatic encephalopathy (HE) is an important feature of liver failure, and is defined as brain dysfunction caused by liver insufficiency and/or portal-systemic blood shunting (1). The prevalence of HE in patients with liver cirrhosis was estimated up to 20% (2, 3). Most liver cirrhotic patients need a long time to regain normal cognitive function after the onset of HE, which affected their daily life and work ability. Identifying the risk of HE can help patients adopt more stringent monitoring and lifestyle interventions, which contributed to reduce the incidence of HE.

The international normalized ratio (INR) was an indicator of severe liver injury, and was not only used as a criterion for the diagnosis of acute-on-chronic liver failure (ACLF) by the European Association for The Study of the Liver (EASL) and the Asian-Pacific Association for the Study of the Liver (APASL), but it was also a risk factor in many prognostic models of chronic liver disease, such as model for end-stage liver disease (MELD) 3.0 and chronic liver failure-consortium acute decompensation (CLIF-CAD) (4–8). However, few studies quantified the relationship between the INR and HE.

The restricted cubic spline (RCS) model can combine continuous variables and outcomes, and reflect the impact of independent variables on the risk of outcomes in the form of a continuous curve (9). It was an important method of analyzing the dose-response relationship between continuous variables and outcomes. In a cohort study on the association of the BMI with overall and cause-specific mortality, researchers found that the BMI had J-shaped associations with overall mortality and most specific causes of death and had an inverse relationship with the risk of death from mental, behavioral, and neurological diseases (10).

Although the mechanism of INR leading to HE was not clear, previous studies showed that there must be a correlation between the INR and HE (11–13). Further studies on the dose-response relationship between INR and HE would be an important step toward reducing the social burden of HE. Therefore, the present study was conducted to analyze the relationship between the INR and HE in patients with liver cirrhosis using the RCS model, and to guide clinicians to develop individualized counseling programs and treatments for patients with hepatic encephalopathy based on the INR risk stratification.



PATIENTS AND METHODS


Data Source

We conducted a multicenter retrospective study of inpatients with liver cirrhosis at six tertiary hospitals in Chongqing, China. The study data were obtained from the electronic medical records of six tertiary hospitals on the Big Data Platform of the Medical Data Research Institute of Chongqing Medical University. The platform includes more than 40 million electronic medical records from seven tertiary hospitals in Chongqing, with the data deidentified to ensure patient privacy. Model development followed the transparent reporting of a multivariable prediction model for individual prognosis or diagnosis (TRIPOD) guidelines (14).

The study was approved by the ethics committee of Affiliated Banan Hospital of Chongqing Medical University. Since this was a retrospective study, written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements. The need for informed consent was waived by the Ethics Committee of Affiliated Banan Hospital of Chongqing Medical University. The study was performed in accordance with relevant guidelines and regulations.



Inclusion and Exclusion Criteria

The inclusion criteria were as follows: (i) data obtained from 2012 to 2020, (ii) patients aged ≥18 years, and (iii) hospitalization(s) with liver cirrhosis. The exclusion criteria were as follows: (i) hospital stay ≤ 1 day; (ii) patients died during hospitalization; and (iii) patients with baseline data missing. The study sample included 6,266 patients. The inclusion and exclusion criteria are shown in Figure 1.


[image: Figure 1]
FIGURE 1. Flow of inclusions and exclusions.




Definitions

INR was introduced as a standardized reporting mechanism allowing comparisons across laboratories and patients (15, 16). Consensus guidelines recommend that INR ≥ 1.5 can be used as a threshold, and current recommendations for targeting an INR of < 1.5 were based on studies across all surgical disciplines (17, 18). HE was a neuropsychiatric disorder that presents with a broad spectrum of cognitive and neuromuscular impairment (19). HE was classified into three types according to the etiology: type A, caused by acute liver failure; type B, caused by portosystemic shunt or shunt; and type C, caused by liver cirrhosis (20, 21).



Data Collection

For all patients, we collected clinical data, including information related to gender, age, history of liver disease, smoking status, drinking status, alcoholic liver disease, chronic hepatitis C, chronic hepatitis B, and autoimmune liver disease as well as data related to total bilirubin (TB), neutrophil percentage (NEU%), total hemoglobin (HB), aspartate aminotransferase (AST), serum sodium (Na+), serum potassium (K+), albumin (ALB), lymphocyte percentage (LYM%), serum creatinine (SCr), red blood cell (RBC), alanine aminotransferase (ALT), and white blood cell (WBC).



Statistical Analysis

Normally distributed continuous variables were presented as the mean ± standard deviation and analyzed using t-tests, whereas non-normally distributed continuous variables were presented as the median (interquartile range) and analyzed using the Mann–Whitney U rank-sum test. Categorical variables were presented as frequencies (%) and analyzed using the chi-square test or Fisher exact test. Firstly, the association between the INR and HE was investigated by using unconditional multivariable logistic regression models. Three logistic regression models were fitted. Next, RCSs were used to detect the possible non-linear dependency of the relationship between the risk of HE and INR levels, using four knots at pre-specified locations according to the percentiles of the distribution of INR, 1.0, 1.2, 1.7, and 2.6 (22). Finally, subgroup analyses were conducted to examine whether the investigated associations between INR and HE were modified by alcoholic liver disease, smoking status, and drinking status. R software (version 4.0.2, Vienna, Austria) was used to conduct the above-mentioned dose-response analyses (23). The multiple imputation method was used to fill in the missing continuous variables (24, 25). The threshold for statistical significance was set at P < 0.05 (two-tailed tests).




RESULTS


Characteristics of the Study Population

A total of 6,266 patients were finally included in the study. The median INR of all patients was 1.4, and 70.25% of the study participants were male. The causes of cirrhosis were alcoholic liver disease (13.93%), chronic hepatitis C (4.05%), chronic hepatitis B (62.00%), and autoimmune liver disease (8.51%). The proportion of smoking (50.57%) and drinking (51.72%) in the HE group were significantly higher than those in the Non-HE group. Compared with Non-HE patients, the HE individuals had a higher INR (1.96 ± 0.69 vs. 1.49 ± 0.46, P < 0.001). Based on the baseline characteristics of the two cohorts of patients as listed in Table 1, significant differences were found in variables such as alcoholic liver disease, age, smoking status, drinking status, total bilirubin, neutrophil percentage, total hemoglobin, aspartate aminotransferase, serum sodium, albumin, lymphocyte percentage, serum creatinine, red blood cell, and white blood cell (P < 0.05).


Table 1. Demographic and clinical characteristics of the study population.
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Univariate and Multivariate Logistic Regression Analyses for an Investigation of the Association Between the INR and HE

As shown in Table 2, the INR levels were significantly associated with HE in total subjects and in the subgroups stratified by alcoholic liver disease (yes/no), smoking status (yes/no) and drinking status (yes/no) via unadjusted logistic regression and multivariate logistic regression (P < 0.001). After adjusting for alcoholic liver disease, age, smoking status, drinking status, total bilirubin, neutrophil percentage, total hemoglobin, aspartate aminotransferase, serum sodium, albumin, lymphocyte percentage, serum creatinine, red blood cell, and white blood cell, INR ≥ 1.5 (total: OR = 2.606, 95% CI: 2.072–3.278, P < 0.001; non-alcoholic liver disease: OR = 2.667, 95% CI: 2.043–3.482, P < 0.001; alcoholic liver disease: OR = 2.380, 95% CI: 1.504–3.765, P < 0.001; non-smoker: OR = 2.385, 95% CI: 1.729–3.289, P < 0.001; smoker: OR = 2.826, 95% CI: 2.037–3.921, P < 0.001; non-drinker: OR = 2.512, 95% CI: 1.811–3.484, P < 0.001; drinker: OR = 2.691, 95% CI: 1.951–3.712, P < 0.001) was independently associated with increased risk of HE.


Table 2. Logistic regression analysis of the association between the INR and HE.
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RCS Analysis for the Dose-Response Relationship Between the INR and HE

We used the RCS model with four knots to simulate the relationship between the INR and the risk for HE. After adjusting for alcoholic liver disease, age, smoking status, drinking status, total bilirubin, neutrophil percentage, total hemoglobin, aspartate aminotransferase, serum sodium, albumin, lymphocyte percentage, creatinine, red blood cell, and white blood cell, the RCS model showed a non-linear relationship between INR classification and HE (Figure 2 non-linear test, χ2 = 30.940, Pnon−linearity < 0.001). With an INR of 1.4 as a reference, the ORs (95% CI) of the four knots of INR were 0.13 (0.07–0.27) for 1.0, 0.47 (0.38–0.58) for 1.2, 1.56 (1.30–1.88) for 1.7, and 3.64 (2.75–4.83) for 2.6.


[image: Figure 2]
FIGURE 2. Association between the INR and HE risk based on restricted cubic spline model in total population.




Subgroup Analyses

We performed subgroups analyses to stratify the association between the INR and HE by alcoholic liver disease, smoking status and drinking status.

In the subgroups stratified by alcoholic liver disease, the fitted dose-response relationships were described in Figure 2. In the group non-alcoholic liver disease (Figure 3A Pnon−linearity < 0.001) with an INR of 1.4 as a reference, the ORs (95% CI) of the four knots of INR were 0.15 (0.07–0.34) for 1.0, 0.50 (0.40–0.62) for 1.2, 1.67 (1.34–2.07) for 1.7, and 4.05 (2.92–5.62) for 2.6. In the group alcoholic liver disease (Figure 3B Pnon−linearity = 0.008) with an INR of 1.4 as a reference, the ORs (95% CI) of the four knots of INR were 0.10 (0.03–0.41) for 1.0, 0.44 (0.29–0.68) for 1.2, 1.38 (0.93–2.05) for 1.7, and 2.47 (1.37–4.46) for 2.6.


[image: Figure 3]
FIGURE 3. Association between the INR and HE risk based on restricted cubic spline model stratified by alcoholic liver disease (A) no; (B) yes.


In the subgroups stratified by smoking status, the fitted dose-response relationships were described in Figure 3. In the group non-smoker (Figure 4A Pnon−linearity < 0.001) with an INR of 1.4 as a reference, the ORs (95% CI) of the four knots of INR were 0.13 (0.05–0.35) for 1.0, 0.51 (0.40–0.65) for 1.2, 1.49 (1.14–1.94) for 1.7, and 2.88(1.96–4.24) for 2.6. In the group smoker (Figure 4B Pnon−linearity = 0.002) with an INR of 1.4 as a reference, the ORs (95% CI) of the four knots of INR were 0.13 (0.05–0.35) for 1.0, 0.46 (0.34–0.63) for 1.2, 1.65 (1.26–2.16) for 1.7, and 4.70 (3.10–7.13) for 2.6.
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FIGURE 4. Association between the INR and HE risk based on restricted cubic spline model stratified by smoking status (A) no; (B) yes.


In the subgroups stratified by drinking status, the fitted dose-response relationships were described in Figure 4. In the group non-drinker (Figure 5A Pnon−linearity = 0.001) with an INR of 1.4 as a reference, the ORs (95% CI) of the four knots of INR were 0.14 (0.05–0.37) for 1.0, 0.52 (0.41–0.67) for 1.2, 1.48 (1.13–1.92) for 1.7, and 3.35 (2.25–4.99) for 2.6. In the group drinker (Figure 5B Pnon−linearity < 0.001) with an INR of 1.4 as a reference, the ORs (95% CI) of the four knots of INR were 0.13 (0.05–0.35) for 1.0, 0.44 (0.32–0.61) for 1.2, 1.66 (1.28–2.15) for 1.7, and 3.98 (2.66–6.00) for 2.6.


[image: Figure 5]
FIGURE 5. Association between the INR and HE risk based on restricted cubic spline model stratified by drinking status (A) no; (B) yes.





DISCUSSION

HE is a common complication of cirrhosis that is associated with a poor prognosis. Presently, there is still a lack of quantitative indicators for the risk of HE (26). In this study, the clinical data of 6,266 hospitalized patients with liver cirrhosis were analyzed, alcoholic liver disease, age, smoking status, drinking status, total bilirubin, neutrophil percentage, total hemoglobin, aspartate aminotransferase, serum sodium, albumin, lymphocyte percentage, serum creatinine, red blood cell, and white blood cell were all associated with HE, which was consistent with the results of previous studies (27–29). We also found that in patients with liver cirrhosis, INR ≥ 1.5 was significantly more relevant for HE incidence than INR < 1.5. After adjustment for confounding factors, the dose-response analysis suggested that higher INR level was an independent, dose-dependent risk factor for HE (non-linear test, χ2 = 30.940, Pnon−linearity < 0.001), and strategies to prevent HE with a focus on continuous changes in INR should be emphasized.

In a study aimed at investigating the quantitative relationship between INR and short-term prognosis in hospitalized patients with cirrhosis or advanced fibrosis, the researchers found that in patients with advanced fibrosis, the peak value of the second derivative of 90-day liver transplant-free mortality was at an INR level of 1.7, and the valley value was achieved when INR was 2.7, indicating that the fastest change in mortality occured when INR was between 1.7 and 2.7 (30). In our study, there was a similar relationship between INR and HE. With an INR of 1.4 as a reference, the HE ORs (95% CI) were 1.56 (1.30–1.88) and 3.64 (2.75–4.83) at INR level of 1.7 and 2.6, respectively. In patients with cirrhosis or non-cirrhotic chronic liver disease, INR ≥ 1.5 was considered important for the diagnosis of ACLF by the APASL (6). In the EASL, INR ≥ 2.5 was an important indicator of ACLF (4). The INR reference value obtained in this study was 1.4, which was slightly lower than the classical threshold of 1.5, possibly due to the different study populations. With the increase of INR, the dose-response relationship between the INR and HE showed a non-linear increase, and INR > 1.4 may be used to identify patients with early potential HE. Further research is needed to confirm this result in the future.

From the pathophysiological point of view, it was well-known that an increase in the INR indirectly reflected insufficient liver function reserve in patients with liver cirrhosis and was also a predictor of variceal bleeding (31). A recent study had shown that acute variceal bleeding (AVB) was the most important factor associated with risk of overt HE. After the recurrence of AVB, decompensated cirrhosis (Child B or C) was the second most important factor contributed to the development of overt HE (32). Shalimar and Acharya mentioned that coagulation dysfunction should be actively corrected in the management of HE to achieve the goal of INR < 1.7 (33). A study revealed that the incidence of early readmission was significantly higher in patients with HE with an INR > 1.62 at discharge than in those with an INR ≤ 1.62 (44% vs 19%; P < 0.001) (34). In addition, the INR and HE were included in the APASL ACLF Research Consortium (AARC) score used to manage APASL-ACLF, confirming again the prognostic importance of the above indicators (35).

The advantages of this study included the availability of clinical electronic medical record data, which integrated confounding factors such as social and demographic characteristics, etiology and laboratory indicators, and combined treatment data from six medical institutions, partially overcoming the bias caused by single-center data. From a statistical methodological point of view, the relationship between INR and HE was well-fitted by combining the unconditional multivariate logistic regression model with the RCS model, instead of subjectively classifying the INR into different ranges, which objectively depicts the non-linear dose-response relationship between continuous changes in the INR and HE.

There were also some limitations in this study. First, there might be selection bias due to the retrospective study design. However, our research tried to minimize bias based on retrieving records from a comprehensive multicenter database. Second, the data on education level, economic level, marital status, and occupation were not available in this study. Further research is warranted to explore the impact of these important indicators.



CONCLUSION

A dose-response relationship exists between the INR and HE, and an increased INR was an independent and adjusted dose-dependent risk factor for HE among patients with liver cirrhosis. This finding can help clinicians to predict the risk of hepatic encephalopathy from objective indicators, and the quantitative indicators are more helpful for patients to understand the disease and cooperate with treatment, so as to identify and treat the disease at an early stage and avoid the occurrence of serious events.
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Characteristics

Gender (n, %)

Male 4,402 (70.25%)
Female 1,864 (29.95%)
Age (IQR, years) 56.00 (49.00, 67.00)
International normalized ratio (n, %)

=15 2,418 (38.59%)
<15 3,848 (61.41%)
History of liver disease (0, %)

Yes 1,304 (20.81%)
No 4,962 (79.19%)
Smoking status (n, %)

Yes 2,803 (44.73%)
No 3,463 (55.27%)
Drinking status (n, %)

Yes 2,792 (44.56%)
No 3,474 (55.44%)
Alcoholic liver disease (, %)

Yes 873 (13.93%)
No 5,393 (86.07%)
Chronic hepatiis C (n, %)

Yes 254 (4.05%)

No 6,012 (95.95%)
Chronic hepatitis B (n, %)

Yes 3,885 (62.00%)
No 2,381 (38.00%)
Autoimmune liver disease (n, %)

Yes 533 (8.51%)

No 5,733 (91.49%)
T8 (IQR, umol) 31.70 (17.80, 84.33)
NEU% (IR, %) 68.44 (59.40, 76.93)
HB (IQR, g/L) 108.00 (85.00, 127.00)
AST (IQR, IUL) 59.00 (34.00, 119.00)
Na+ (IQR, mmolf) 139.10 (136.20, 141.60)
K+ (IQR, mmol/) 3.85(3.53,4.17)
ALB (QR, g/L) 30.80 (27.00, 35.20)
LYM9% (IQR, %) 20.70 (13.82, 28.40)
SCr (IQR, umol/) 66.10 (55.40, 81.00)
RBC (IQR, x10'2/L) 3.50 (2.87, 4.10)
ALT (QR, IUAL) 38,00 (22.00, 89.00)
WBC (IQR, x109/L) 442 (3.06,6.43)

HE (n = 524)

385 (73.47%)
139 (26.53%)
58.00 (50.00, 67.00)

355 (67.75%)
169 (32.25%)

99 (18.89%)
425 (81.11%)

265 (50.57%)
259 (49.43%)

271 (51.72%)
253 (48.28%)

129 (24.62%)
395 (75.38%)

23 (4.39%)
501 (95.61%)

312 (59.54%)
212 (40.46%)

51(0.73%)
473.(90.27%)
68.40 (31.78, 185.00)
73.70 (63.80, 81.46)
101.00 (79.00, 120.00)
66.35 (41.00, 142.25)
138.00 (133.98, 141.18)
387 (3.48, 4.82)
28.70 (25.68, 31.60)
16.37 (10.02, 22.71)
67.70 (56.80, 94.08)
323 (2.71,3.80)
38,00 (28.40, 87.25)
5.04(3.38, 8.09)

Non-HE (n = 5,742)

4,017 (69.96%)
1,725 (30.04%)
56.00 (49.00, 66.00)

2,063 (35.93%)
3,679 (64.07%)

1,205 (20.99%)
4,537 (79.01%)

2,538 (44.20%)
3,204 (55.80%)

2521 (43.90%)
3,221 (56.10%)

744 (12.96%)
4,998 (87.04%)

231 (4.02%)
5,511 (95.98%)

3,573 (62.23%)
2,169 (37.77%)

482 (8.39%)
5,260 (91.61%)
30,00 (17.20, 76.58)
68,00 (59.00, 76.51)
109.00 (85.00, 128.00)
58,00 (33.00, 117.00)
139.20 (136.50, 141.60)
3.85(3.54, 4.16)
31.10 (27.10, 35.50)
21.10(14.30, 28.80)
66.00 (55.30, 80.10)
353 (2,89, 4.11)
38,00 (22.00, 89.00)
4.35 (301, 6.30)

P-value

0.092

0.003
<0.001

0.259

0.005

0.001

<0.001

0.684

0.226

0.293

<0.001
<0.001
<0.001
<0.001
<0.001
0223
<0.001
<0.001
<0.001
<0.001
0272
<0.001

7B, total biliubin; NEU%, Neutrophil percentage; HB, Total hemoglobin; AST, aspartate aminotransferase; Na+, Serum sodium; K+, Serum potassium; ALB, Albumin; LYM%,
Lymphocyte percentage; SCr, serum creatinine; RBC, Red blood cell; ALT, Alanine aminotransferase; WBC, white blood cell: IQR, interquartile range.
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Smoking status

Yes
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Smoking status

No
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INR> 1.5

Drinking status

Yes

INR < 1.5

INR > 1.5

Drinking status

No

INR < 1.5

INR> 1.6

Model®

OR (95% Cl)

Ref (1.000)
3.747 (3.098, 4.532)

Ref (1.000)
3.059 (2071, 4518)

Ref (1.000)
3.975 (3.185, 4.960)

Ref (1.000)
3.877 (2,946, 5.101)

Ref (1.000)
3.572 (2,736, 4.663)

Ref (1.000)
3.607 (2,753, 4.728)

Ref (1.000)
3781 (2.885, 4.955)

P-value

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

/
<0.001

Model®

OR (95% Cl)

Ref (1.000)
3.995 (3.200, 4.850)

Ref (1.000)
3.209 (2.160, 4.768)

Ref (1.000)
4272 (3.416,5.341)

Ref (1.000)
4125 3.117,5.459)

Ref (1.000)
3.881(2.961,5.086)

Ref (1.000)
3.865 (2,932, 5.096)

Ref (1.000)
4125 (3.135, 5.427)

P-value

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

/
<0.001

Model®
OR (95% Cl)
Ref (1.000)

2.606 (2.072, 3.278)

Ref (1.000)
2.380 (1504, 3.765)

Ref (1.000)
2,667 (2.043, 3.482)

Ref (1.000)
2.826 (2.037, 3.921)

Ref (1.000)
2385 (1.729, 3.289)

Ref (1.000)
2.691(1.951,3.712)

Ref (1.000)
2512 (1811, 3.484)

P-value

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

df
<0.001

ModeF, unadjuested. Modef’, adjusted for alcoholic liver disease, smoking status, drinking status, age. ModeF, adjusted for alcoholic liver disease, smoking status, drinking status,
age, total biliubin, neutrophil percentage, total hemoglobin, aspartate aminotransferase, serum sodium, albumin, lymphocyte percentage, serum creatinine, red blood cel, and white

blood cell.
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