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Background and Aims: Spontaneous bacterial peritonitis (SBP) represents a significant complication in the decompensated phase of 
cirrhosis. The challenges in treating SBP and the associated mortality rates are markedly elevated in elderly individuals. Timely 
detection and intervention for SBP are imperative. We aimed to develop a predictive tool for the occurrence of SBP in elderly 
individuals with decompensated cirrhosis (DC).
Methods: Elderly patients diagnosed with DC were enrolled from Chengdu Fifth People’s Hospital in China, spanning from January 1, 
2015, to September 31, 2023. Among the patients, 337 were assigned to the training cohort, while 145 were designated to the validation 
cohort. A multivariate logistic regression analysis was performed to identify significant predictors and to develop a nomogram for predicting 
the occurrence of SBP. To evaluate the model’s discrimination and calibration, a bootstrap method with 1000 resamples was utilized.
Results: Findings from the multivariate logistic regression analysis indicated that constipation (odds ratio [OR] 2.09, 95% confidence interval 
[CI] 1.25−3.49, P=0.005), ascites (OR 2.84, 95% CI 1.64−4.92, P<0.001), Child-Pugh-Turcotte (CPT) score (OR 4.80, 95% CI 1.69−13.60, 
P=0.003), and high sensitivity C-reactive protein (hs-CRP) (OR 2.96, 95% CI 1.54−5.45, P=0.001) were significant independent predictors for 
the occurrence of SBP in elderly individuals with DC. The generated nomogram showed an area under the curve of 0.779 for the training cohort 
and 0.817 for the validation cohort. The nomogram’s calibration curve nearly matched the perfect diagonal line, and decision curve analysis 
showed an improved net benefit for the model. Subsequent validation further corroborated the reliability of the predictive nomogram.
Conclusion: In conclusion, the nomogram, incorporating variables such as constipation, ascites, CPT score, and hs-CRP, effectively 
predicted the occurrence of SBP in elderly patients with DC, underscoring its substantial clinical applicability.
Keywords: spontaneous bacterial peritonitis, decompensated cirrhosis, elderly, nomogram

Introduction
Spontaneous bacterial peritonitis (SBP) frequently occurs in individuals suffering from severe liver conditions, especially 
liver cirrhosis (LC), and greatly impacts mortality and morbidity.1 SBP usually occurs without an identifiable source of 
infection, so it was once called primary peritonitis. And it is also a sign of serious or worsening underlying diseases.2 As 
the population ages, there is a growing proportion of elderly individuals with cirrhosis who are at increased risk for 
infections. Studies indicate that infections are the primary cause of death among elderly cirrhosis patients, with a fatality 
rate of 12% to 15% in those with SBP complications, compared to under 10% in younger adults.3

The prevalence of symptoms in individuals with SBP commonly includes fever, chills, and abdominal pain, with 
some cases presenting confusion or exhibiting no symptoms.1 SBP can manifest in an atypical manner in elderly 
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individuals due to physiological decline and compromised immune responses. Despite numerous studies addressing the 
morbidity, diagnosis, and treatment of SBP, early detection remains challenging. SBP is diagnosed according to the 
protocols set by the European Association for the Study of the Liver and the American Association for the Study of Liver 
Diseases, which recommend that high levels of polymorphonuclear leukocytes in ascitic fluid, in the absence of an intra- 
abdominal infection source, signify SBP.4,5 However, ascites puncture, a necessary invasive procedure to confirm SBP, is 
hindered by poor patient compliance and time-consuming nature, resulting in a low positive rate ranging from 35% to 
65%.6 Moreover, elderly patients with compromised physical health may not be suitable candidates for ascites puncture. 
Therefore, early diagnosis of SBP is impeded either due to atypical symptom presentation or limited patient compliance 
leading to a low positivity rate during ascites puncture testing.

Based on existing diagnostic methods, numerous cases of SBP may be inaccurately diagnosed, resulting in treatment 
delays or inappropriate antibiotic usage. The principal issue with SBP lies in the potential progression to sepsis, a severe 
systemic infection with life-threatening consequences. The likelihood of mortality is heightened by delays in both 
diagnosing and treating SBP.7 Timely identification of SBP is imperative for improving diagnostic precision, lowering 
clinical mortality rates, and maximizing patient outcomes. Earlier research verified that the Child-Pugh-Turcotte (CPT) 
score and the model for end-stage liver disease (MELD) score could predict mortality in patients with DC.8,9 

Nevertheless, later studies have shown that these scores perform poorly in prediction when compared to alternative 
scoring systems.10,11

The chronic liver failure-sequential organ failure assessment score (CLIF-SOFA), CLIF consortium acute on chronic 
liver failure score (CLIF-C ACLF), and CLIF consortium acute decompensation (CLIF-C AD) scores are well-recog-
nized prognostic tools for patients with cirrhosis.12–14 And these scores might provide further depth in assessing the risk 
and outcomes of SBP. Lately, new markers have been discovered as potential indicators of SBP in DC. For instance, 
various standard lab test markers such as ascites calprotectin and lactoferrin,15 serum procalcitonin and CRP16, as well as 
the platelet and neutrophil-to-lymphocyte ratio (NLR)17,18 have been documented in the diagnosis of SBP in DC. 
Furthermore, other indicators like ascites19, IL-1720 and CD20621 have been identified as possible biomarkers for 
diagnosing SBP in DC. Nevertheless, these findings still need confirmation because of constraints like limited sample 
sizes and interfering variables. Therefore, it remains necessary to identify reliable biomarkers for SBP.

A nomogram serves as a valuable tool that integrates multiple risk indicators to predict the comprehensive likelihood 
of a specific outcome. It enables the quantification of disease risk among patients and holds significant relevance in the 
prognosis and assessment of various diseases.22–25 While numerous studies have explored the morbidity, diagnosis, and 
management of SBP, only a handful have pinpointed the independent risk factors of SBP in cirrhotic patients and utilized 
them to develop a nomogram, especially focusing on adults instead of the elderly. As a result, there is a lack of relevant 
studies focused on developing a nomogram for predicting SBP in elderly cirrhosis patients.

This study aimed to construct a predictive nomogram that integrates various risk factors to facilitate early prediction 
of SBP in elderly patients with DC. The nomogram model is expected to perform early risk assessment for patients, 
followed by risk stratification and early intervention for high-risk individuals to decrease hospitalization duration. For 
low-risk patients, it may help reduce antibiotic misuse, excessive invasive abdominal punctures, bacterial resistance, and 
adverse events related to invasive procedures. Consequently, this model can serve as a foundation for the creation of 
personalized clinical diagnosis and treatment plans, ultimately enhancing healthcare quality.

Methods
Study Design and Population
This study was designed as a retrospective investigation of the data from enrolled elderly SBP patients with cirrhosis 
managed at Chengdu Fifth People’s Hospital. The study protocol was in accordance with the Declaration of Helsinki and 
received approval from the Ethics Committee of Chengdu Fifth People’s Hospital (2024–014-01). This retrospective 
study utilized only pre-existing medical records, ensuring that all data remained anonymous, thereby the requirement for 
informed consent was waived.
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This retrospective analysis included 482 patients admitted to Chengdu Fifth People’s Hospital in Chengdu, China, 
from January 1, 2015, to September 31, 2023. They were subsequently split into the training cohort and the internal 
validation cohort at a 7:3 ratio by R language software for further examination.

The inclusion criteria were: a diagnosis of DC and ≥60 years old. The exclusion criteria included individuals with 
acquired immunodeficiency syndrome, those with tumors, patients experiencing secondary peritonitis or tuberculous 
peritonitis, those who had received antibiotics within a week before admission, and cases with incomplete clinical 
records. Every participant in this research belonged to the Han ethnicity.

Data Collection
Both clinical assessments and lab results were gathered upon admission. Clinical data from enrolled patients included the 
following: demographic information; medical history; clinical symptoms; laboratory data; complications: gastrointestinal 
bleeding, dominant hepatic encephalopathy, hypersplenism, hepatorenal syndrome, portal vein thrombosis, liver cancer 
and others.

Definitions
Diagnosing DC relies on LC, accompanied by issues like portal hypertension and/or liver impairment. The identification 
of liver cirrhosis aligns with the “Chinese guidelines for managing liver cirrhosis”.26 According to the guidelines from 
the European Association for the Study of the Liver and the American Association for the Study of Liver Diseases, SBP 
is diagnosed when ascitic fluid shows elevated polymorphonuclear leukocyte counts and there is no other intra-abdominal 
infection source.4,5

Determination of Training Cohort and Validation Cohort and Screening Variables
The R programming language was employed to split 482 patients into a training group and an internal validation group in 
a 7:3 proportion, ensuring that outcome events were randomly allocated between the two groups. The training cohort is 
used to filter variables and build the model, and the internal validation cohort is used to validate the model. Multiple 
factors were chosen from the dataset, such as albumin activated partial thromboplastin time (APTT), constipation, CPT 
score, creatinine, high sensitivity C-reactive protein (hs-CRP), gastrointestinal hemorrhage, hepatorenal syndrome, 
ascites volume, hypersplenism, etiology of cirrhosis (alcoholic and others) and smoking.

Development and Assessment of the Nomogram
Logistic regression analyses, both univariate and multivariate, were performed on the training group to determine the 
odds ratio (OR) and its 95% confidence interval (CI).Factors identified by univariate logistic regression were subse-
quently incorporated into a multivariate analysis, where independent predictors (P<0.05) were used to develop a 
nomogram model for forecasting SBP occurrence.

Guideline lines were subsequently extended upward to determine the scores assigned on the nomogram, with the 
cumulative points found on the “Total Points” scale. Following this, a vertical line was extended downward to intersect 
with the lower scales, thereby establishing the likelihood of SBP. The risk score of the nomogram was computed utilizing 
the designated risk score formula. The ability of the nomogram to discriminate was evaluated by determining the area 
under the curve (AUC).The effectiveness and calibration precision of the nomogram model were evaluated using the 
calibration curve. Validation of both discrimination and calibration was performed using bootstrapping with 1000 
samples. The overall clinical advantage of the nomogram was assessed using decision curve analysis (DCA).

Statistical Analysis
R software was used for statistical analysis. Logistic regression analyses, both univariate and multivariate, were applied 
to the training cohort, and the respective OR along with 95% CI were determined. The variables identified through 
univariate logistic regression analysis were incorporated into the multivariate logistic regression analysis, and the 
independent risk factors were used to create nomogram. The risk score of the nomogram was calculated with the risk 
score formula. The nomogram’s predictive power was assessed using the AUC. The efficiency and Calibration degree of 
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the nomogram model was evaluated with the calibration curve. DCA evaluated the nomogram’s net clinical benefit. The 
variation was statistically meaningful with P<0.05.

Results
General Characteristics
A total of 494 patients were initially recruited from Chengdu Fifth People’s Hospital. However, 12 cases were excluded 
due to insufficient clinical data, resulting in 482 eligible DC patients being enrolled in the study. These patients were 
subsequently randomized into a training cohort and an internal validation cohort in a 7:3 ratio (Figure S1). The training 
cohort comprised 337 patients with an average age of 71.43±7.63 years, including 183 males. The validation cohort 
consisted of 145 individuals, averaging 71.24±7.00 years old, including 70 males. There were no differences in terms of 
age or gender ratio between the two cohorts. Additional baseline information and risk factors were presented in Table 1.

Table 1 Development and Validation of Nomogram of SBP Risk Factors for Elderly Patients 
Hospitalized with Decompensated Cirrhosis

Variables Train cohort 
(n=337)

Validation cohort 
(n=145)

P

SBP (n,%) Yes 158 (46.9) 88 (60.7) 0.007

No 179 (53.1) 57 (39.3)

Smoking (n, %) Yes 104 (30.9) 45 (31.0) 1.000
No 233 (69.1) 100 (69.0)

Cirrhosis etiology (n,%) Viral 152 (45.1) 66 (45.5) 0.313

Autoimmunity 65 (19.3) 26 (17.9)
Alcoholic 39 (11.6) 25 (17.2)

Others 81 (24.0) 28 (19.3)

Constipation (n, %) Yes 148 (43.9) 60 (41.4) 0.678
No 189 (56.1) 85 (58.6)

Gastrointestinal hemorrhage (n,%) Yes 65 (19.3) 34 (23.4) 0.361

No 272 (80.7) 111 (76.6)
Hypersplenism (n,%) Yes 238 (70.6) 97 (66.9) 0.479

No 99 (29.4) 48 (33.1)

Ascites (n,%) Yes 162 (48.1) 69 (47.6) 1.000
No 175 (51.9) 76 (52.4)

Albumin (n,%) >35 60 (17.8) 24 (16.6) 0.925

25–35 187 (55.5) 83 (57.2)
<25 90 (26.7) 38 (26.2)

Creatinine (n,%) ≤132 295 (87.5) 120 (82.8) 0.212

>132 42 (12.5) 25 (17.2)
CPT score (n,%) 5–6 66 (19.6) 32 (22.1) 0.618

≥7 271 (80.4) 113 (77.9)

APTT (n,%) ≤43 293 (86.9) 127 (87.6) 0.964
>43 44 (13.1) 18 (12.4)

Hs-CRP (n,%) <4 95 (28.2) 32 (22.1) 0.198
≥4 242 (71.8) 113 (77.9)

Hepatorenal-syndrome (n,%) Yes 37 (11.0) 16 (11.0) 1.000

No 300 (89.0) 129 (89.0)
CLIF-SOFA (n,%) ≤2 9 (2.7) 5 (3.4) 0.816

3–6 246 (73.0) 101 (69.7)

7–11 81 (24.0) 38 (26.2)
≥12 1 (0.3) 1 (0.7)

CLIF-C ACLF (n,%) 28–35 56 (16.6) 25 (17.2) 0.713

36–41 127 (37.7) 49 (33.8)
≥42 154 (45.7) 71 (49.0)

(Continued)
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Screening for Predictive Factors
Univariate and multivariate logistic regression analyses were employed to identify independent predictive factors for the 
occurrence of SBP in elderly patients with DC.

The variables included in the nomogram were clinical commonly used indicators including albumin, APTT, creatinine, 
cirrhosis etiology and CPT scores, CLIF-SOFA scores, CLIF-C ACLF scores and CLIF-C AD scores and others were selected in 
our analysis. Then, a multivariate logistic regression analysis revealed that four factors were independent predictors of SBP in this 
patient population. The results indicated that constipation (OR 2.09, 95% CI 1.25−3.49), ascites (OR 2.84, 95% CI 1.64−4.92), 
CPT score (OR 4.80, 95% CI 1.69−13.6), and hs-CRP levels (OR 2.96, 95% CI 1.54−5.45) were significantly associated with the 
development of SBP in elderly patients with DC (Table 2).

Table 1 (Continued). 

Variables Train cohort 
(n=337)

Validation cohort 
(n=145)

P

CLIF-C AD (n,%) 30–35 23 (6.8) 15 (10.3) 0.106
36–40 25 (7.4) 7 (4.8)

41–45 67 (19.9) 23 (15.9)

46–50 82 (24.3) 27 (18.6)
51–55 58 (17.2) 21 (14.5)

56–60 30 (8.9) 21 (14.5)

>60 52 (15.4) 31 (21.4)

Abbreviations: APTT, activated partial thromboplastin time; CLIF-C ACLF, chronic liver failure-consortium acute on 
chronic liver failure score; CLIF-C AD, chronic liver failure consortium acute decompensation score; CLIF-SOFA, chronic 
liver failure-sequential organ failure assessment score; CPT, Child-Pugh-Turcotte; hs-CRP, high sensitivity C-reactive 
protein; SBP, spontaneous bacterial peritonitis.

Table 2 Univariate and multivariate Logistic Regression Analyses for Screening Predictors 
in the training Cohort

Characteristics Univariable analyses Multivariate analyses

OR OR 95% CI P OR OR 95% CI P

Albumin 0.57 0.41–0.8 0.001 1.31 0.82–2.09 0.259

APTT 2.76 1.41–5.43 0.003 1.84 0.87–3.90 0.111

Constipation 2.91 1.86–4.54 <0.001 2.09 1.25–3.49 0.005
CPT score 10.61 4.67–24.06 <0.001 4.80 1.69–13.6 0.003

Creatinine 2.87 1.43–5.74 0.003 1.38 0.62–3.06 0.424

Hs-CRP 4.60 2.66–7.95 <0.001 2.96 1.57–5.61 0.001
Gastrointestinal hemorrhage 1.21 0.71–2.08 0.485 NA NA NA

Hepatorenal syndrome 1.56 0.78–3.11 0.205 NA NA NA

Ascites 5.60 3.5–8.94 <0.001 2.84 1.64–4.92 <0.001
Hypersplenism 0.97 0.6–1.55 0.889 NA NA NA

Cirrhosis etiology (alcoholic) 1.48 0.73–3 0.277 2.22 0.94–5.24 0.070
Cirrhosis etiology (others) 1.24 0.72–2.13 0.439 1.37 0.71–2.67 0.349

Smoking 1.34 0.84–2.13 0.216 NA NA NA

CLIF-SOFA 1.62 1.03–2.56 0.036 1.29 0.72–2.32 0.398
CLIF-C ACLF 0.88 0.65–1.17 0.377 0.66 0.41–1.09 0.102

CLIF-C AD 0.95 0.76–1.19 0.664 0.96 0.77–1.19 0.703

Abbreviations: APTT, activated partial thromboplastin time; CLIF-C ACLF, chronic liver failure-consortium acute 
on chronic liver failure score; CLIF-C AD, chronic liver failure consortium acute decompensation score; CLIF- 
SOFA, chronic liver failure-sequential organ failure assessment score; CI, confidence interval; CPT, Child-Pugh- 
Turcotte; hs-CRP, high sensitivity C-reactive protein; OR, odds ratio; NA, not available.
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Risk Prediction Nomogram Development
The logistic regression model was developed utilizing the aforementioned four factors within the training cohort. 
Subsequently, these factors were incorporated into a nomogram (Figure 1). For each patient, a higher total score on 
the nomogram indicated an elevated risk of SBP. The length of the line corresponding to each variable in the nomogram 
reflects the magnitude of the predictor’s contribution to the occurrence of SBP.

Verification of the Nomogram
The nomogram was developed using the training cohort, and we validated it with a separate dataset. The AUC for the 
training and validation cohorts was determined using the ROC curve. As shown in Figure 2, the AUC values for the 
training and validation cohorts were 0.779 and 0.817, respectively, both approximating 0.8. This suggests that the 
nomogram exhibits a robust predictive capability for the occurrence of SBP in elderly patients with DC.

Calibration Curve of the Nomogram
A calibration graph was utilized to compare the nomogram’s calibration curve with the ideal reference line. In this graph, 
the black dotted line denotes the ideal reference line, while the blue solid line represents the apparent prediction lines, 
and the red dotted line represent the bias-corrected lines of the nomogram, respectively (Figure 3). The proximity of the 
predicted line to the ideal line indicates a better fit and a more accurate prediction of the SBP occurrence rate by the 
nomogram. The calibration curve of the nomogram demonstrated a high consistency between the predicted results and 
the actual outcomes in this study.

Clinical Usefulness of the Nomogram
DCA analysis was conducted to assess the net benefit in two cohorts. For elderly patients, when the threshold 
probabilities were between 6% and 74% in the training cohort and between 11% and 89% in the validation cohort, the 
incidence of SBP offered a higher net benefit than the “All” or “None” approaches, demonstrating its value in clinical 
decision-making (Figure 4).

Discussion
The present study developed a nomogram that integrated clinically accessible indicators such as constipation, ascites, 
CPT score, and hs-CRP to predict the likelihood of SBP in elderly patients diagnosed with DC upon hospital admission. 

Figure 1 Nomogram for the prediction of SBP in elderly patients with decompensated cirrhosis. 
Abbreviations: SBP, spontaneous bacterial peritonitis; CPT, Child-Pugh-Turcotte; hs-CRP, high sensitivity C-reactive protein.
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The nomogram demonstrated favorable discriminatory and calibration abilities. DCA indicated its potential for practical 
clinical utility. Consequently, the nomogram provides a user-friendly and personalized tool for healthcare providers to 
enhance their treatment strategies for elderly DC patients at risk of developing SBP complications.

This research explored the risk elements linked to SBP incidence and discovered four new metrics to develop a tailored 
nomogram for senior patients with DC. Consistent with our findings, other studies have reported that a nomogram comprising 

Figure 2 ROC curves. (A) Training cohort. (B) Validation cohort. 
Abbreviation: ROC, receiver operating characteristic; AUC, area under the ROC curve.

Figure 3 Calibration curves of nomogram of elderly patients with decompensated cirrhosis. (A) Training cohort. (B) Validation cohort.
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seven variables, including mean red blood cell hemoglobin concentration, prothrombin time, lymphocyte percentage, 
prealbumin, total bilirubin, CRP and PCT levels served as an effective tool for identifying SBP in adult patients with DC.27 

Additionally, a separate study revealed that older age independently influenced predictive models for assessing the prognosis 
of DC in adults, in contrast to younger individuals.28 Unlike previous studies, our research focuses on establishing a 
nomogram specifically tailored for elderly DC patients, thereby providing a more specialized tool for this demographic.

Constipation is a common health issue among the elderly, presenting a substantial challenge to achieving healthy 
longevity in an increasingly aging society.29 A meta-analysis revealed a 10.1% prevalence of chronic constipation 
according to the Rome IV criteria, with incidence rates increasing with advancing age.30,31 Projections indicate a rise in 
the number of individuals affected by chronic constipation in the future, with reports suggesting a poor prognosis.32

Our study identified constipation as an independent predictor of SBP in elderly patients with DC. It is hypothesized 
that constipation may promote bacterial overgrowth within the intestinal tract, resulting in increased intraluminal pressure 
and subsequent weakening of the intestinal wall. This condition can facilitate the translocation of commensal intestinal 
bacteria into the peritoneal cavity, potentially leading to peritonitis. The occurrence of HE in cirrhosis is closely 
associated with constipation, which serves as a risk factor for HE. This is because the large intestine reabsorbs metabolic 
waste containing ammonia into the bloodstream, causing elevated blood ammonia levels.33 Therefore, it is crucial to 
assess elderly patients with cirrhosis for symptoms indicative of constipation, such as difficult defecation, dry stool, and a 
history of constipation, and provide timely interventions when necessary.

Ascites formation is the most prevalent manifestation of DC.34 Approximately 40% of individuals with cirrhosis 
receive their diagnosis upon presenting with complications such as HE or ascites.35 Long-term survival is diminished in 
patients with cirrhosis who develop ascites, compared to those with ascites-free cirrhosis, with those developing 
refractory ascites exhibiting particularly poor prognoses.36 Zhang et al37 reported that ascites was one of the six factors 
used to construct a nomogram for predicting the risk of first variceal hemorrhage, another complication observed in DC 
patients. Our study identified ascites as a significant factor in the model for forecasting the occurrence of SBP in older 
individuals with DC. The likelihood of SBP increased with greater ascites volume.

The CPT score has been recognized as an independent predictor of SBP, with a score of ≥7 associated with a nearly 5.6-fold 
increase in the odds of SBP occurrence in our study. The CPT score is widely acknowledged as a convenient and reliable 

Figure 4 Decision curve analysis in prediction of SBP. 
Abbreviations: SBP, spontaneous bacterial peritonitis.
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method for assessing the prognosis of DC patients.38 This score incorporates five parameters, including three laboratory values 
and two subjective categories, assigning scores ranging from 5 to 15 and categorizing patients into CTP class A, B, or C.39 

Previous research has established that the CPT classification is a significant predictor of concurrent infections in individuals 
with liver disease.40 The CPT score has been recognized as an important factor associated with the severity of hepatic 
encephalopathy and may serve as an effective prognostic indicator in patients with DC.41 Specifically, in this study, a higher 
CPT score is correlated with an increased likelihood of SBP in elderly patients with DC, thereby providing clinicians with a 
useful method for evaluating the risk of this related complication.

The CLIF-SOFA, CLIF-C ACLF, and CLIF-C AD scores are well-established prognostic tools for patients with 
cirrhosis. Accordingly, we evaluated these scores, integrated them in our study. However, contrary to our expectations, 
these scores were not selected as predictors in the nomogram based on the univariate and multivariate logistic regression 
analyses. It is important to note that our data were collected from a single center, and thus, future studies should include a 
larger, multi-center cohort to more accurately assess the prognostic value of these scores.

Hs-CRP is a serum protein produced mainly by the liver during the acute phase in reaction to tissue injury.42 Its assay 
allows for the detection of much lower levels than traditional CRP assays are commonly conducted in various labs to 
identify infections and assess how patients respond to antibiotic treatments. Nonetheless, the generation of hs-CRP due to 
infection might be reduced in individuals with liver impairment, making it challenging to interpret hs-CRP levels in those 
with LC.43,44 Our study found a 4.6-fold increased risk of SBP in elderly patients with DC when hs-CRP levels were ≥4 
mg/L compared to those with levels <4 mg/L. These findings are consistent with previous studies reporting that hs-CRP 
level independently predicted poor outcomes in cirrhotic patients with SBP.45

One notable advantage of this study lied in its integration of comprehensive and clinically accessible data to develop a 
tool for SBP in elderly inpatients. Additionally, the nomogram formulated in this research demonstrated robust 
performance in terms of identification, calibration, and clinical application. In addition, the nomogram developed in 
this study incorporated commonly used clinical indicators, including a single laboratory index (hs-CRP), which was both 
cost-effective and practical for rapid application relative to other benchmarks. This tool demonstrated ease of use and 
enhanced predictive accuracy specifically for elderly patients with DC. Its straightforward application offers clinicians an 
intuitive method for effectively implementing SBP monitoring in hospitalized elderly patients, thereby facilitating the 
timely identification of high-risk individual. Therefore, it has significant clinical implications for elderly patient 
management.

However, our study is subject to several limitations. Firstly, it was a retrospective study conducted with internal 
validation at a single center, which may introduce bias and affect the negative primary outcome. Consequently, 
prospective and multicenter studies with larger sample sizes and other confounding variables require greater attention 
and external validations of the nomogram in varied groups are essential for future research. Secondly, the sample size 
was relatively small. Thirdly, our study primarily relied on data collected within the first 24 hours of admission, whereas 
dynamic data and the rate of variation in indicators may offer significant clinical insights.

Conclusions
In conclusion, we have developed a nomogram that incorporates clinically accessible indicators, including constipation, 
ascites, CPT score, and hs-CRP to predict the likelihood of SBP in elderly patients diagnosed with DC upon hospital 
admission. The nomogram exhibited favorable predictive accuracy and clinical utility following validation. This 
proposed nomogram represents an easy-to-use tool with significant potential for clinical application.
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