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Background: The Systemic Inflammation Response Index (SIRI) has demonstrated predictive capabilities for clinical outcomes in
various diseases. However, its prognostic utility in decompensated liver cirrhosis (DLC) remains underexplored. This study aimed to
investigate the association between SIRI and the risk of short-term (3 and 6 months) all-cause mortality in DLC patients.
Methods: A total of 926 eligible patients with DLC from diverse etiologies was included in this study. In the initial cohort, the
predictive accuracy of SIRI was evaluated using receiver operating characteristic (ROC) curve analysis. Patients were categorized into
high- and low-SIRI groups based on the Youden index. Multivariable logistic regression analysis was employed to evaluate the
independent association between SIRI and all-cause mortality. Restricted cubic spline (RCS) analysis was utilized to visualize the
relationship between the continuous variable SIRI and mortality risk. These findings were validated in a validation cohort.

Results: The initial cohort had mortality rates of 8.8% and 11.6% at 3 and 6 months, respectively. The SIRI level was significantly
higher in the deceased group compared to the survival group. At both time points, SIRI was an independent indicator of all-cause
mortality. RCS analysis demonstrated the risk of the risk of increased with an increase in SIRI value. The Validation cohort validated
the independent association between higher SIRI levels and lower short-term all-cause mortality.

Conclusion: This study’s findings underscore the prognostic value of SIRI in DLC patients, indicating that higher SIRI levels are
significantly associated with short-term adverse outcomes.

Keywords: decompensated liver cirrhosis, systemic inflammation response index, prognosis, all-cause mortality

Introduction
Cirrhosis, a chronic liver condition, arises from persistent inflammation and fibrosis, marking the advanced stage of liver
damage.' This disease stands as the 11th leading cause of global mortality and is notably the third most common cause of
death among individuals between the ages of 45 and 64.>* With an annual death toll of approximately 2 million, cirrhosis
poses a significant health challenge worldwide.*** Decompensated liver cirrhosis (DLC) signifies a pivotal and critical phase in
the progression of liver cirrhosis. It is characterized by a decline in liver function and the emergence of severe, life-threatening
complications. DLC is often associated with a grim prognosis and imposes a substantial burden on healthcare systems.>® The
short-term mortality rate among patients with DLC can soar to 15%.”* underscoring the imperative need for early detection of
high-risk individuals and the swift implementation of therapeutic interventions to ameliorate patient outcomes.
Inflammation is a pivotal factor in the prognosis of liver cirrhosis. It can trigger a cascade of complications, such as
ascites and hepatic encephalopathy, which in turn accelerate the progression of the disease.” Furthermore, inflammation
contributes to the development of portal hypertension, a condition that can lead to devastating cirrhosis-related
complications like variceal bleeding.'” The onset of these complications is often a harbinger of poor short-term survival
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rates for patients. Systemic inflammation also heightens the risk of infections, which can intensify organ damage, playing
a critical role in the outcomes of patients with DLC.''

The Systemic Inflammation Response Index (SIRI) serves as a comprehensive indicator of inflammation, based on the
counts of monocytes, neutrophils, and lymphocytes.'? Recent research has revealed that SIRI is independently correlated
with the prognosis of patients suffering from a variety of conditions, including different types of tumors, autoimmune
rheumatic diseases, cardiovascular diseases, cerebral hemorrhage, and pneumonia.'”'® However, the relationship
between SIRI and the short-term prognosis in patients with decompensated cirrhosis (DLC) remains unexplored. Our
research aims to elucidate this connection, potentially offering new insights for the management of DLC.

Materials and Methods

Patients

Patients diagnosed with DLC and admitted to the Second Affiliated Hospital of Wannan Medical College between
March 2016 and March 2023 were retrospectively assembled to form the initial cohort for this investigation. DLC was
characterized by biochemical, clinical, endoscopic manifestations, imaging indicators, and complications such as ascites,
gastrointestinal bleeding, hepatorenal syndrome, or hepatic encephalopathy.® Exclusion criteria encompassed: (1) non-
initial admissions, (2) malignancies, (3) autoimmune disorders, (4) primary renal diseases, (5) cardio-cerebrovascular
diseases, (6) infectious diseases, (7) incomplete data, and (8) loss to follow-up. Utilizing identical exclusion criteria,
patients with DLC admitted to the Yijishan Hospital of Wannan Medical College from January 2018 to March 2023
constituted the validation cohort. A detailed patient selection process is depicted in Figure 1.

Data Collection

Patient outcomes at 3 and 6 months post-admission were evaluated through review of medical records or via direct
communication with patients or their relatives. Data collected at the time of admission included gender, age, etiology of
cirrhosis, presence of ascites (yes/no), variceal bleeding (yes/no), hepatorenal syndrome (yes/no), hepatic encephalopathy
(yes/no), and laboratory findings. The SIRI was calculated using the formula: neutrophil count (x10°/L) x monocyte count
(x10°/L) / lymphocyte count (x10%/L)."” The neutrophil-to-lymphocyte ratio (NLR), monocyte-to-lymphocyte ratio (MLR)
and platelet-to-lymphocyte ratio (PLR) were calculated as neutrophil count (x10°/L) / lymphocyte count (x10°/L),
monocyte count (x10°/L) / lymphocyte count (x10°/L), and platelet count (x10°/L) / lymphocyte count (x10°/L),
respectively.

Initial cohort Validation cohort
Patients diagnosed with decompensated liver Patients diagnosed with decompensated liver
cirrhosis between March 2016 and March 2023 at cirrhosis between January 2018 and March 2023 at
The Second Affililiated Hospital of Wannan Yijishan Hospital of Wannan Medical College (N =
Medical College (N = 434) 1671)
253 patients were excluded 926 patients were excluded
1.Non-first admission (N = 190) 1.Non-first admission (N = 608)
2.Malignant diseases (N = 28) 2.Malignant diseases (N = 211)
—{ 3. Autoimmune diseases (N = 1) s 3.Autoimmune diseases (N = 15)
4.Primary renal diseases (N = 5) 4.Primary renal diseases (N = 5)
5.Cardio-cerebrovascular diseases (N = 6) 5.Cardio-cerebrovascular diseases (N = 25)
6.Infectious diseases (N = 13) 6.Infectious diseases (N = 18)
7.Incomplete data (N = 5) 7.Incomplete data (N = 33)
8.Lost to follow-up (N = 5) 8.Lost to follow-up (N = 11)
181 patients were included 745 patients were included

[ [
l

926 patients were included

Figure | Flowchart of the patients selection process.
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Statistical Analysis

Continuous variables were presented as mean + standard deviation or median (first quartile, third quartile), while
categorical variables were expressed as counts (percentages). Independent sample t-tests or Mann—Whitney U-tests
were employed to compare continuous variables that were normally distributed or not, respectively. Categorical data
were compared using chi-square tests. Receiver operating characteristic (ROC) curves were generated to ascertain the
area under the curve (AUC), and patients were stratified into high and low SIRI groups based on the Youden index
derived from the ROC curve. The Delong test was used to compare the AUC values.?' Univariate analysis was conducted
to assess the correlation between various variables and all-cause mortality, with variables yielding a p-value less than
0.05 being selected for inclusion in the multivariable analysis. Multivariable logistic regression analysis was then
performed to ascertain the independent relationship between SIRI and all-cause mortality. Based on multivariable
analysis, restricted cubic splines (RCS) analysis was utilized to graphically represent the association between SIRI (as
a continuous variable) and the risk of all-cause mortality. All statistical procedures were carried out using SPSS (version
27.0), R (version 4.0.2), and MedCalc (Version 15.2). All statistical tests were two-tailed, with a p-value of less than 0.05
considered indicative of statistical significance.

Results

Baseline Characteristics

The present study enrolled a total of 926 patients with DLC who met the inclusion criteria. Within the initial cohort,
the mean age of the patients was 64 years, comprising 82 females (45.3%) and 99 males (54.7%). Chronic hepatitis
B virus (HBV) infection was identified as the predominant cause of cirrhosis in 119 cases (65.7%). Complications
included ascites in 135 cases (74.6%), esophagogastric variceal bleeding in 35 cases (19.3%), hepatic encephalopathy
in 11 cases (6.1%), and hepatorenal syndrome in 4 cases (2.2%). The all-cause mortality rates at the 3- and 6-month
endpoints were 8.8% and 11.6%, respectively. Detailed characteristics of the initial and validation cohorts are

summarized in Table 1.

Clinical Features and Laboratory Results Between Survival and Deceased Groups

In the initial cohort, values of neutrophils (Neut), monocytes (Mono), total bilirubin (Tbil), creatinine (Cr), prothrom-
bin time (PT), and SIRI were markedly elevated in the deceased group compared to the survival group at both the 3-
and 6-month follow-up endpoints. At the 6-month mark, lymphocyte (LYM) counts were significantly reduced in the
deceased group relative to the survival group; no significant inter-group differences were observed at the 3-month
mark. Hemoglobin (HGB), platelet (PLT) counts, albumin (Alb), alanine aminotransferase (ALT), gamma-glutamyl
transferase (GGT), and gender remained consistent between the two groups across both follow-up endpoints.
Comprehensive details for the survival and deceased groups in the initial and validation cohorts are delineated in
Table 1.

Clinical Characteristics and Laboratory Results Between High and Low SIRI Groups
In the initial cohort, ROC analysis revealed AUC values for SIRI at 3 and 6 months to be 0.841 and 0.807, respectively
(Figure 2A and B). Participants were categorized into high and low SIRI groups based on the Youden index from the
ROC curve. The optimal cutoff points for 3 and 6 months were established at 2.227 and 0.961, respectively. Within the
high SIRI group, elevated values of Neut, Mono, Tbil, PT, and SIRI, alongside a higher all-cause mortality rate, were
observed, with a concurrent significant decrease in Alb compared to the low SIRI group. At the 3-month mark, HGB
values were notably lower in the high SIRI group; this difference was not apparent at the 6-month mark. Further details
regarding the high and low SIRI groups in the validation cohort are presented in Table 2.
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Table | Clinical and Laboratory Characteristics of Patients with Decompensated Liver Cirrhosis in the Initial and Validation Cohort at the 3-Month, and 6-Month Follow-Ups

Variables Initial cohort Validation cohort
All patients 3 months 6 months All patients 3 months 6 months
(n=181) (n =745)
Survivors Deaths P Survivors Deaths P Survivors Deaths P Survivors Deaths P
(n = 165) (n=16) (n =160) (n=21) (n=673) (n=72) (n = 649) (n=96)
Gender (n, %)* 0.087 o.101 0.885 0.727
Male 99 (54.7%) 87 (52.7%) 12 (75.0%) 84 (52.5%) 6 (28.6%) 439 (58.9%) 396 (58.8%) 43 (59.7%) 384 (59.2%) 55 (57.3%)
Female 82 (45.3%) 78 (47.3%) 4 (25.0%) 76 (47.5%) 15 (71.4%) 306 (41.1%) 277 (41.2%) 29 (40.3%) 265 (40.8%) 41 (42.7%)
Age (years)* 64.0 64.0 68.0 0.076 64.0 71.0 (63.0-74.0) 0.049 61.0 59.0 64.7 £ 12.0 0.006 59.0 644+ 12.7 0.003
(53.0-74.0) (53.0-74.0) (63.0-74.0) (53.0-74.0) (52.0-70.0) (51.0-70.0) (51.0-70.0)
Neut (10°/L)* 2.3 (1.6-3.7) 22 (1.6-3.4) 3.8 (2.84.9) <0.001 2.2 (1.6-34) 3.6 (2.5-48) 0.001 2.3 (1.5-3.8) 2.1 (1.5-3.5) 42 (2.6-6.8) | <0.001 2.1 (1.5-3.5) 3.9 (2.3-64) | <0.00!
LYM (10°/L)* 0.8 (0.6-1.2) 0.8 (0.6-1.3) 0.6 (0.4-1.1) 0.088 0.8 (0.6-1.3) 0.6 (0.3-1.1) 0.026 0.9 (0.6-1.3) 0.9 (0.6-1.3) 0.9 (0.6-1.4) 0.799 0.9 (0.6-1.3) 0.9 (0.6-1.3) 0813
Mono (10°/L)* 0.3 (0.2-0.5) 0.3 (0.2-0.5) 0.5 (0.3-0.7) 0.020 0.3 (0.2-0.5) 0.4 (0.3-0.6) 0.035 0.3 (0.2-0.5) 0.3 (0.2-04) 0.4 (0.3-0.7) | <0.001 0.3 (0.2-04) 0.4 (0.3-0.7) | <0.001
HGB (g/L)* 100.3 + 27.0 100.7 + 27.1 96.7 £ 25.7 0.574 101.0 + 27.0 96.0 + 27.5 0.436 99.0 100.0 86.6 + 344 0.002 100 0.0 88.0 +29.8 0.002
(78.5-116.0) (81.0-116.0) (80.0-116.5)
PLT (10°/L)* 740 720 975 0.051 720 87.0 0.134 65.0 64.0 770 0.001 63.0 770 0.001
(51.0-118.5) (50.0-111.5) (70.3-177.0) (50.0-114.8) (67.5-145.0) (45.0-97.5) (44.0-96.0) (56.0-123.8) (44.0-95.5) (54.3-114.5)
Alb (g/L)* 32266 32568 30050 0.160 32668 297 £ 45 0.065 29859 30258 26056 <0.001 29.8 (26.4-34.2) 259 56 <0.001
Tbil (umol/L)* 203 18.9 56.8 0.003 18.9 36.1 0.006 278 26.5 49.9 <0.001 26.6 44.6 <0.001
(12.4-34.9) (12.2-31.3) (16.7-242.5) (12.1-31.0) (14.4-179.0) (18.045.7) (17.9-42.8) (26.3-104.2) (17.9-42.7) (20.0-82.7)
ALT (U/L)* 21.0 21.0 29.5 0.459 21.0 25.0 (15.0-98.5) 0.569 26.0 26.0 26.0 0.847 27.0 26.0 0.228
(16.0-36.0) (16.0-34.0) (10.5-140.8) (16.0-34.0) (18.0-48.0) (18.0-48.0) (15.0-57.8) (18.0-48.5) (15.0-44.0)
GGT (UILy* 42.0 42.0 49.5 0.595 41.5 53.0 0.294 47.0 48.0 385 0.084 49.0 375 0.018
(25.0-124.5) (24.5-119.0) (27.8-157.5) (24.0-112.8) (28.5-153.0) (22.0-107.0) (23.0-107.5) (18.0-98.5) (24.0-107.5) (15.5-98.5)
Cr (umol/L)* 823 8l1.2 103.6 0.013 81.3 1101.0 0.043 65.9 65.5 75.6 0.012 65.4 69.3 0.021
(69.8-102.1) (68.6-98.6) (83.2-143.8) (69.2-98.3) (74.5-143.5) (53.2-84.4) (53.2-82.6) (52.7-112.6) (53.1-82.8) (54.6-108.1)
PT (s)* 13.2 13.2 16.0 0.023 13.2 15.3 (12.7-22.0) 0.018 14.9 14.8 16.5 <0.001 14.8 16.0 <0.001
(12.0-15.0) (12.0-14.7) (12.7-23.8) (11.9-14.7) (13.5-16.6) (13.4-16.5) (147-22.2) (13.4-16.4) (14.3-20.8)
SIRI* 0.8 (0.5-1.9) 0.8 (0.5-1.7) 2.8 (1.9-5.0) <0.001 0.7 (0.4-1.7) 2.5 (1.348) <0.001 0.7 (04-1.7) 0.65 (0.4-1.4) 2.0 (1.1-4.0) | <0.00! 0.6 (0.4-1.3) 1.9 (0.9-3.5) [ <0.00I
Etiology (n, %)
HBV 119 (65.7%) 107 (64.8%) 12 (75.0%) 103 (64.4%) 16 (76.2%) 447 (60.0%) 403 (59.9%) 44 (61.1%) 387 (59.6%) 60 (62.5%)
HCV 12 (6.6%) 12 (7.3%) 0 12 (7.5%) 0 46 (6.2%) 42 (6.2%) 4 (5.6%) 40 (6.2%) 6 (6.3%)
Alcoholism 13 (7.2%) 11 (6.7%) 2 (12.5%) 10 (6.3%) 3 (14.3%) 38 (5.1%) 34 (5.1%) 4 (5.6%) 32 (4.9%) 6 (6.3%)
Others 37 (20.4%) 35 (21.2%) 2 (12.5%) 35 (21.9%) 2 (9.5%) 214 (28.7%) 194 (28.8%) 20 (27.8%) 190 (29.3%) 24 (25.0%)
Modes of decompensation
(0, %)
Ascites 135 (74.6%) 121 (73.3%) 14 (87.5%) 118 (73.8%) 17 (81.0%) 536 (71.9%) 479 (71.2%) 57 (79.2%) 460 (70.9%) 76 (79.2%)
Variceal bleeding 35 (19.3%) 31 (18.8%) 4 (25.0%) 31 (19.4%) 4 (19.0%) 208 (27.9) 188 (27.9%) 20 (27.8%) 179 (27.6%) 29 (30.2%)
HE 11 (6.1%) 9 (5.5%) 2 (12.5%) 8 (5.0%) 3 (14.3%) 37 (4.7%) 19 (2.8%) 18 (25.0%) 19 (2.9%) 18 (18.8%)
HRS 4 (2.2%) 1 (0.6%) 3 (18.8%) 1 (0.6%) 3 (14.3%) 15 (2.0%) 4 (0.6%) 11 (15.3%) 3 (0.5%) 12 (12.5%)

Note: Data are expressed as number, mean # standard deviation, median (25th-75th percentiles), or frequency [percentage (%)]. *Significant differences (P < 0.05) were observed between the initial group and validation group. No

significant differences (P > 0.05) were observed between the initial group and validation group.

Abbreviations: Neut, neutrophils; LYM, lymphocyte; Mono, monocytes; HGB, hemoglobin; PLT, platelet; Alb, albumin; Tbil, total bilirubin; ALT, alanine aminotransferase; GGT, y—glutamyl transpeptidase; Cr, creatinine; PT, prothrombin

time; SIRI, Systemic Inflammation Response Index; HBYV, hepatitis B virus; HCV, hepatitis C virus; HE, hepatic encephalopathy; HRS, hepatorenal syndrome.
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Figure 2 Receiver operating characteristic curve for the prognosis prediction of patients with decompensated cirrhosis by SIRI. (A) 3 months of initial cohort; (B) 6 months
of initial cohort; (C) 3 months of validation cohort; (D) 6 months of validation cohort.

High SIRI Levels are Independently Associated with All-Cause Mortality in Patients
with DLC

Univariate analysis was conducted to identify variables significantly linked to patient outcomes (P < 0.05), which were
subsequently included in the multivariable analysis. The findings from the multivariable analysis indicated that elevated
SIRI levels are independently correlated with all-cause mortality at both 3- and 6-month follow-up endpoints (Table 3).
The RCS analysis, based on multivariable analysis, demonstrated a positive correlation between SIRI values and the risk
of all-cause mortality. There was a general trend of increasing all-cause mortality risk with rising SIRI values, although
the risk appeared to plateau when SIRI values approached 2.7 (Figure 3A and B).

Verified of Results in the Validation Cohort

In the validation cohort, the AUC values for SIRI at 3 and 6 months were 0.773 and 0.747, respectively, suggesting
promising predictive capabilities (Figure 2C and D). Furthermore, although the AUC value of SIRI was higher than that
of the NLR, MLR, and PLR at 3 and 6 months in the initial cohort, it did not reach statistical significance. In the
validation cohort, the SIRI demonstrated significantly better predictive ability than MLR and PLR at 3 months, and
significantly better predictive ability than NLR, MLR, and PLR at 6 months (Supplementary Figure 1). Our findings
confirmed that high SIRI levels are independently associated with all-cause mortality at both 3- and 6-month endpoints
(Table 3). The RCS analysis corroborated results akin to those of the initial cohort (Figure 3C and D).
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Table 2 Comparison of Clinical and Laboratory Characteristics Between Low and High SIRI Groups in the Initial and Validation Cohort in Patients with Decompensated Liver

Cirrhosis
Variables Initial cohort Validation cohort
3 months 6 months 3 months 6 months
SIRI < 2.227 SIRI > 2.227 P SIRI < 0.961 SIRI > 0.961 P SIRI < 2.227 SIRI > 2.227 P SIRI < 0.961 SIRI > 0.961 P
(n=144) (n=37) (n=97) (n=84) (n=613) (n=132) (n=440) (n=305)
Gender (n, %) <0.001 0.016 0.309 0.009
Male 69 (47.9%) 30 (81.1%) 45 (46.4%) 54 (64.3%) 356 (58.1%) 83 (62.9%) 242 (55.0%) 197 (64.6%)
Female 75 (52.1%) 7 (18.9%) 52 (53.6%) 30 (35.7%) 257 (41.9%) 49 (37.1%) 198 (45.0%) 108 (35.4%)
Age (years) 65.0 (53.0-75.8) 61.5+112 0.185 64.0 (52.0-75.0) 64.5 £ 125 0.551 61.0 (52.0-70.0) 6l.1 £124 0.864 59.0 (52.0-69.0) 62.0 (52.0-71.0) 0.26
Neut (10%/L) 2.0 (1.5-2.8) 5.0 (4.0-7.1) <0.001 1.7 (1.3-2.2) 3.7 (2.649) <0.001 2.0 (1.4-29) 6.4 (4.7-7.8) <0.001 1.6 (1.2-2.1) 42 3.2-6.4) <0.001
LYM (IO"/L) 0.8 (0.6-1.3) 0.8 £ 0.4 0.184 0.9 (0.6-1.6) 0.7 (0.5-1.0) 0.003 0.9 (0.6-1.3) 0.9 (0.6-1.3) 0.043 0.9 (0.6-1.3) 0.9 (0.6—1.4) 0.624
Mono (10°/L) 0.3 (0.2-0.4) 0.6 +0.3 <0.001 0.3 (0.2-0.4) 0.4 (0.3-0.6) <0.001 0.3 (0.2-0.4) 0.6 (0.4-0.8) <0.001 0.2 (0.2-0.3) 0.4 (0.3-0.6) <0.001
HGB (g/L) 102.4 + 26.2 92.2 + 285 0.041 103.8 + 24.6 96.3 £ 29.0 0.061 100.0 92.2 + 28.1 0.019 100.5 95.5 + 28.1 0.24
(80.0-116.0) (81.0-116.0)
PLT (10°/L) 71.5 (51.0-107.0) 87.0 0.193 71.0 77.5 0.542 63.0 (44.0-92.0) 80.0 (54.0-126.8) | <0.001 57.0 (42.0-86.0) 76.0 (52.0-117.5) | <0.001
(50.5-141.5) (49.5-114.5) (52.0-125.3)
Alb (g/L) 329 £ 69 29.7 £ 4.7 0.002 33367 30.9 (26.2-34.7) 0.013 30.2 £ 6.0 276 £53 <0.001 31.0+£58 28.0 £ 5.7 <0.001
Thil (umol/L) 18.5 (11.7-30.0) (I742—7i7IS 6 <0.001 18.6 (11.6-29.2) 22.7 (13.2-57.3) 0.043 26.9 (17.9-43.6) 33.5 (18.2-63.3) 0.016 253 (17.3-39.2) 33.2 (20.2-62.9) <0.001
ALT (U/L) 21.0 (15.3-36.0) 25.0 (16.0-41.0) 0.548 23.0 (17.0-37.0) 18.0 (14.0-34.0) 0.094 26.0 (18.0-48.5) 26.5 (18.0-41.8) 0.743 26.0 (18.0-48.0) 27.0 (17.5-49.5) 0.694
GGT (U/L) 44.0 (26.3-131.8) 37.0 0.627 44.0 41.0 0.872 49.0 (24.0-108.0) 41.5 (19.3-91.0) 0.164 50.0 (24.0-100.0) | 44.0 (21.0-120.0) 0.782
(22.5-119.5) (26.5-129.5) (24.0-121.8)
Cr (umol/L) 81.8 (66.9-98.6) 86.8 0.177 81.2 (64.4-97.9) 87.0 0.049 66.2 (52.7-84.4) 65.4 (55.9-83.7) 0.489 63.8 (51.2-81.8) 69.0 (56.0-90.0) 0.003
(71.5-130.7) (71.6-122.1)
PT (s) 13.0 (11.7-14.4) 142 (12.8-16.9) 0.002 13.1 (11.7-14.4) 13.8 (12.2-16.5) 0.005 14.8 (13.4-16.5) 15.5 (14.2-18.2) 0.001 147 (13.4-16.2) 15.3 (13.6-17.7) 0.001
SIRI 0.7 (0.4-1.1) 3.4 (2.7-5.1) <0.001 0.5 (0.3-0.7) 2.0 (1.5-3.3) <0.001 0.6 (0.3-1.1) 3.8 (2.9-5.1) <0.001 0.4 (0.3-0.6) 2.0 (1.3-3.5) <0.001
Mortality (n, %) 4 (2.7%) 12 (32.4%) <0.001 2 (2.0%) 19 (22.6%) <0.001 40 (6.5%) 32 (24.2%) <0.001 26 (5.9%) 70 (22.9%) <0.001

Note: Data are presented as number, mean * standard deviation, median (25th—75th percentiles), or frequency [percentage (%)].

Abbreviations: Neut, neutrophils; LYM, lymphocyte; Mono, monocytes; HGB, hemoglobin; PLT, platelet; Alb, albumin; Tbil, total bilirubin; ALT, alanine aminotransferase; GGT, y—glutamyl transpeptidase;

time; SIRI, Systemic Inflammation Response Index.

Cr, creatinine; PT, prothrombin
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Table 3 SIRI is Independently Associated with the All-Cause Mortality of Patients with Decompensated Liver Cirrhosis in the Initial Cohort and Validation Cohort

Variables

Initial cohort

Validation cohort

3 months (univariable

3 months (multivariable

6 months (univariable

6 months (multivariable

3 months (multivariable

6 months (multivariable

analysis) analysis) analysis) analysis) analysis) analysis)
OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

Age (years) 1.039 (0.997-1.086) 0.081 1.038 (1.000-1.080) 0.052
Gender 0.098 0.108
Female reference Reference
Male 2.690 (0.895-9.933) 2.262 (0.871-6.613)
HGB (g/L) 0.995 (0.976-1.014) 0.572 0.993 (0.976-1.010) 0.434
Alb (g/L) 0.941 (0.861-1.021) 0.160 0.931 (0.859-1.002) 0.066
GGT (UL) 1.001 (0.997-1.004) 0.604 1.001 (0.998-1.004) 0.404
PLT (10%/L) 1.007 (1.000-1.015) 0.048 1.010 (1.000-1.021) 0.043 1.005 (0.998-1.012) 0.165 1.007 (1.004-1.011) <0.001
Thil (umol/L) 1.015 (1.008-1.025) <0.001 1.008 (0.998-1.021) 0.159 1.013 (1.007-1.022) <0.001 1.007 (0.998-1.017) 0.168 1.004 (1.001-1.008) 0.012 1.003 (1.000-1.006) 0.053
ALT (U/L) 1.007 (1.002-1.013) 0.004 1.001 (0.990-1.010) 0.871 1.006 (1.001-1.011) 0.012 1.003 (0.993-1.012) 0.566 1.000 (0.998-1.001) 0.651 0.999 (0.998-1.001) 0.257
Cr (umol/L) 1.009 (1.001-1.017) 0.022 1.008 (0.997-1.018) 0.138 1.008 (1.000-1.015) 0.033 1.005 (0.996—1.013) 0.220 1.012 (1.006—1.018) <0.001 1.008 (1.003-1.014) 0.002
PT (s) 1.303 (1.144-1.502) <0.001 1.167 (0.918-1.473) 0.192 1.309 (1.157-1.500) <0.001 1.106 (0.922-1.331) 0.273 1.237 (1.139-1.346) <0.001 1.162 (1.083-1.249) <0.001
SIRI <0.001 0.011 <0.001 0.009 <0.001 <0.001
Low reference reference reference reference reference reference
High 17.625 (5.635-67.306) 6.414 (1.542-28.968) 13.885 (3.855-89.043) 8.615 (2.065-61.830) 2.970 (1.635-5.327) 3.540 (2.162-5.930)

Note: Age, Gender; HGB, PLT, Alb, Tbil, ALT, GGT, Cr, PT, and SIRI were included in the univariate logistic regression analysis. Variables that did not have a significant effect on all-cause mortality in the univariate logistic regression

analysis (P > 0.05) were not included in the multivariable logistic regression analysis.

Abbreviations: HGB, hemoglobin; GGT, y-glutamyl transpeptidase; Alb, albumin; PLT, platelet; Tbil, total bilirubin; ALT, alanine aminotransferase; PT, prothrombin time; Cr, creatinine; SIRI, Systemic Inflammation Response Index; OR,

odds ratio; Cl, confidence interval.
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Figure 3 Association between SIRI and the prognosis of patients with decompensated liver cirrhosis. (A) 3 months of initial cohort; (B) 6 months of initial cohort; (C) 3
months of validation cohort; (D) 6 months of validation cohort.

Discussion

This study evaluated the relationship between the SIRI and short-term prognosis in patients with DLC. Our findings
indicate that SIRI levels were significantly elevated in deceased patients compared to survivors across both cohorts.
A higher SIRI is independently associated with adverse short-term outcomes in DLC, suggesting that SIRI could serve as
a potential new prognostic predictor for patients with DLC. Furthermore, we observed a positive correlation between
SIRI values and the risk of all-cause mortality across two cohorts. As SIRI values increased, there was an overall trend of
rising risk for all-cause mortality.

Inflammation plays a crucial role in the prognosis of DLC; It not only speeds up the progression of cirrhosis but
also significantly increases the risk of complications.”” Inflammatory cells trigger a series of complications,
including infections and organ failure, by releasing inflammatory factors; these complications exacerbate the
condition, leading to a poorer prognosis.”*>*** Neutrophils trigger a systemic inflammatory response by producing
a large number of pro-inflammatory factors, such as tumor necrosis factor-alpha (TNF-a), interleukin-1 (IL-1), and
interleukin-6 (IL-6).>> Transforming growth factor-p1 (TGF-B1), released by neutrophils, activates hepatic stellate
cells, leading to the secretion of fibrogenic factors, which accelerates the process of liver fibrosis.”® Moreover,
impaired chemotaxis, phagocytosis, and bactericidal capacity of neutrophils increase the risk of infection, organ
failure, and death.””*® Numerous studies indicate that monocytes can accelerate the progression of cirrhosis, leading
to poor patient outcomes.?’ ' Xu et al observed a significant increase in the number of CD169+ monocytes in the
blood and liver of patients with cirrhosis, leading to elevated levels of pro-inflammatory factors (including IL-6, IL-
1B, TNF-a, and IL-10); Additionally, CD169+ monocytes prolong the lifespan of neutrophils, further exacerbating
the inflammatory response.>® Wu et al reported that the HBV enhances the expression of Triggering Receptor
Expressed on Myeloid cells-1 on monocytes, leading to elevated levels of inflammatory cytokines such as TNF-a,
IL-1B, and IL-6; This process contributes to liver damage, inflammation, and fibrosis in patients with liver
cirrhosis.®' The reduction in lymphocyte count and function is associated with the occurrence of DLC complications
and is linked to adverse outcomes in patients. In patients with alcoholic cirrhosis, the absolute numbers of
circulating mucosal-associated invariant T cells, NKT cells, and NK cells are lower than those in healthy indivi-
duals; This reduction is associated with the occurrence of complications, leading to poorer outcomes.>> HBV impairs

8992 s Journal of Inflammation Research 2024:17

Dove!


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

Dove Cheng et al

lymphocyte function by interfering with their activation and differentiation processes, increasing the risk of
infection and adversely affecting patient prognosis.® In hepatitis C virus (HCV), the reduction of T and B cells,
along with a decrease in NK cell activity, is associated with adverse outcomes in DLC.** Therefore, the combined
profile of neutrophils, monocytes and lymphocytes primarily reflects the inflammatory state in patients with DLC,
potentially predicting their prognosis.

Previous studies have found that the SIRI is independently associated with the prognosis of various diseases.
A retrospective study by Wang et al showed that the SIRI is independently associated with both 5-year and 10-year
survival rates in breast cancer patients.'* Jiang et al reported that SIRI serves as an independent prognostic factor for
patients with advanced EGFR-mutant lung adenocarcinoma.'® Zhang et al observed SIRI as a promising inflammatory
marker for predicting the prognosis of stroke.'* Similarly, SIRI is independently associated with the short-term prognosis
of patients with DLC in our study. Interestingly, there was a difference in the optimal cutoff values between 3 months
(2.23) and 6 months (0.96) in the initial cohort. The number of deaths within 6 months was higher by five patients
compared to the number of deaths within 3 months. These five patients had SIRI values of 0.736, 0.980, 1.320, 1.499,
and 9.391, with 4 patients having SIRI values exceeding 0.96. Therefore, by lowering the cutoff points from 2.23 to 0.96,
it was statistically ensured that the high SIRI group (> 0.96) included more deceased patients, leading to the highest AUC
value and supporting the concept that patients in the high SIRI group have an increased risk of mortality. As a predictive
indicator, SIRI may offer the following advantages: (1) Non-invasive: SIRI is a non-invasive indicator that assesses
a patients systemic inflammatory status by analyzing neutrophil, monocyte, and lymphocyte counts in peripheral blood.
(2) Cost-effective: SIRI is cost-effective to measure since it is based on standard blood tests, making it highly feasible for
clinical application.

This study has certain limitations. First, this study is retrospective and may be subject to selection bias and
unidentified biases, necessitating further prospective research. Second, the potential mechanisms and clinical
applications of SIRI in patients with DLC have not been extensively studied. While this study found higher
levels of SIRI in patients with poorer prognosis of DLC, the underlying mechanisms of SIRI in DLC patients
require further investigation. Third, there is an imbalance in sample sizes between the death group and the
survivor group, which may lower the predictive accuracy of the minority class and weaken the power of statistical
tests, thereby increasing bias in the analysis. Fourth, it is important to consider that decompensated cirrhosis
patients may exhibit differing inflammatory statuses depending on the underlying etiology. Therefore, additional
research is necessary to explore the influence of inflammatory status on the prognosis of patients with varying
etiologies. Fifth, the amount of missing data (cases with incomplete data and with lost to follow-up) was relatively
low in this study. We chose to directly deleted these cases; however, it is important to note that this approach may
introduce selection bias.

Conclusion

Our research has established the SIRI as a clinically relevant biomarker for predicting short-term all-cause mortality in
patients with DLC. The findings underscore the significance of systemic inflammation in the prognosis of liver cirrhosis,
suggesting SIRI as a simple yet effective tool for risk stratification and clinical decision-making in this patient
population. The independent association of SIRI with the risk of death in DLC highlights its potential utility in clinical
practice. Identifying high-risk patients allows clinicians to prioritize resources and tailor treatment strategies more
effectively, potentially improving patient outcomes.

Ethics Approval and Consent to Participate

The study was conducted in accordance with the Declaration of Helsinki. Ethical approval was granted by the ethics
committee of the Second Affiliated Hospital of Wannan Medical College (WYEFYLS2023100) and the Scientific
Research and New Technology Institutional Review Board of Yijishan Hospital of Wannan Medical College
(2023037), informed consent was waived in accordance with national legislation and institutional guidelines and the
anonymized processing of patient data.
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