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Background: The study aimed to evaluate the accuracy with which various nutritional and inflammatory indicators, including
Neutrophil-to-Lymphocyte Ratio (NLR), Platelet-to-Lymphocyte Ratio (PLR), Systemic Immune-Inflammation Index (SII),
Monocyte-to-Lymphocyte Ratio (MLR), Systemic Inflammatory Response Index (SIRI), and Prognostic Nutritional Index (PNI),
can predict the severity of acute calculus cholecystitis.

Methods: 109 cases of chronic calculus cholecystitis (CCC) and 130 cases of acute calculus cholecystitis (ACC), including 62 cases
of acute simple cholecystitis (ASC), 35 cases of acute purulent cholecystitis (APC), and 33 cases of acute gangrenous cholecystitis
(AGC), were encompassed in the retrospective cohort study. The patients’ clinical information and inflammatory-immune markers
were collected for analysis.

Results: The optimal cut-off values for NLR, SIRI, SII, MLR, PLR, and PNI in distinguishing ACC from CCC were determined to be
2.499, 0.964, 593.5, 0.230, 148.0, and 141.3, respectively. NLR > 2.499 demonstrated the highest predictive capability, with an AUC
of 0.896. Multivariate analysis indicated that NLR > 2.499 (OR: 4.69, p = 0.006) was the dominant factor in differentiating ACC from
CCC. The optimal cut-off values for SII, SIRI, MLR, NLR, PLR, and PNI in distinguishing ASC from APC were 1098, 2.092, 0.304,
4.082, 191.1, and 135.3, respectively. SII > 1098 exhibited the highest predictive capability, with an AUC of 0.73. The optimal cut-off
values for NLR, SIRI, MLR, SII, and PLR in differentiating APC from AGC were 7.232, 4.773, 0.557, 2417, and 221.5, respectively.
NLR > 7.232 demonstrated the highest predictive capability, with an AUC of 0.826.

Conclusion: Systemic inflammatory index and nutritional marker can serve as valuable indicators for predicting acute calculus
cholecystitis and its severity. An elevated systemic inflammatory index and a declining nutritional marker suggest an increased risk of
severe cholecystitis, warranting prompt and appropriate interventions.

Keywords: systemic inflammatory index, nutritional marker, calculus cholecystitis, severity, diagnosis

Introduction

Cholecystitis, a prevalent condition characterized by gallbladder inflammation, occurs in nearly 90% of patients due to
cystic duct obstruction, leading to bile stasis and subsequent infection.'™ The clinical manifestations of calculus
cholecystitis vary widely, ranging from chronic calculous cholecystitis (CCC), which can be managed conservatively,
to acute calculous cholecystitis (ACC), which may progress to septic shock.* Clinicians generally recognize the favorable
prognosis associated with chronic calculous cholecystitis. However, severe forms of the disease pose a significant threat;
delayed treatment can lead to complications such as purulent inflammation, gangrene, and perforation. This highlights the
importance of prompt and accurate diagnosis, followed by appropriate therapeutic interventions, to prevent complications

and avoid doctor-patient conflicts in inpatients.’
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Currently, although the Tokyo Guidelines 2018 (TG18) is a widely accepted standard for assessing the severity of
ACC using scoring systems, it primarily relies on a comprehensive medical history, symptoms, physical examination, and
imaging findings.® This approach is time-consuming and may increase the risk of mortality and morbidity due to clinical
deterioration and transfer delays. Therefore, rapid and accurate diagnosis and evaluation are crucial for developing the
best treatment plan and providing timely and effective care when cholecystitis occurs. A reliable predictive scoring
system is essential to enable clinicians to stratify patients based on prognosis and ensure close monitoring of high-risk
patients in an intensive care setting.

In recent years, numerous systemic inflammatory indexes, such as NLR (Neutrophil-to-Lymphocyte Ratio), PLR
(Platelet-to-Lymphocyte Ratio), SII (Systemic Immune-Inflammation Index), MLR (Monocyte-to-Lymphocyte Ratio),
and SIRI (Systemic Inflammatory Response Index), have emerged as potential predictors of the progression of
inflammatory diseases and cancer. Research indicates that these systemic inflammatory indexes offer greater sensitivity
than the total white blood cell count (WBC) for the diagnosis and stratification of systemic infections, sepsis, and
bacteremia.” ° These indices provide a rapid, accessible, easy-to-calculate, and cost-effective method for differentiating
between ACC and CCC and determining the severity of ACC, particularly in developing countries where access to
advanced imaging and diagnostic tools may be limited. In this study, we evaluated the utility of systemic inflammatory
indexes in predicting acute calculus cholecystitis and its severity.

Inflammation, which is inherently catabolic, is intricately linked to the body’s nutritional status. Nutritional markers
play a crucial role in various aspects, including health management, disease prevention, treatment, and clinical nutrition.
Notably, indices such as the PNI (Prognostic Nutritional Index), NRI (Nutritional Risk Index), NUTRIC (nutrition risk in
the critically ill) score, CONUT (Control of Nutritional Status score) score, and ALB (albumin) score have become
essential tools for medical professionals to evaluate patients’ nutritional and immunological health. These markers
consider serum albumin levels, lymphocyte counts, and weight fluctuations, facilitating the development of personalized
nutritional interventions to enhance patient care and disease management. These indicators are simple to obtain and may
reflect the patient’s preoperative physical condition, nutritional status, and inflammation. Predicting gallbladder inflam-
mation based on preoperative nutritional indexes and stratifying the disease can improve the diagnostic efficiency and
prognosis of patients. In this study, we also evaluated the value of nutritional markers in predicting acute calculus
cholecystitis and its severity.

In our retrospective clinical study, we combined the systemic inflammatory index and the nutritional index to stratify
patients with gallstones and cholecystitis to identify the best predictors. Through this study, clinicians can easily and
quickly conduct risk assessments of patients with gallstones and cholecystitis before surgery, enabling timely triage and
the adoption of personalized treatment plans. Timely treatment of the disease, halting its progression, and improving
patient outcomes are of utmost importance.

Clinical Data and Methods
Study Site and Setting

This study was conducted at the First Hospital of Shanxi Medical University. The hospital serves as a major referral
center, with patients accessing treatment through two primary routes: local residents seeking care via outpatient services
or hospitalization, and out-of-town patients typically referred by other hospitals for specialized care. Patients with
calculous cholecystitis are admitted to the hospital after a definitive diagnosis, and a personalized treatment plan is
formulated according to the severity of the patient’s condition. Specifically, we clarified the therapeutic protocols
according to the Tokyo guidelines as follows: Elective cholecystectomy is recommended for chronic calculous chole-
cystitis, while early laparoscopic cholecystectomy remains the standard for mild acute cases, including acute simple
calculous cholecystitis. For moderate acute presentations (eg, acute purulent or gangrenous calculous cholecystitis), the
decision between early or delayed cholecystectomy is determined by an experienced hepatobiliary surgeon based on
preoperative judgment and patient stability. In severe acute cholecystitis, initial medical stabilization—including anti-
biotics and image-guided percutaneous cholecystostomy—is prioritized, followed by delayed surgical intervention.'’
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Study Population

This study retrospectively analyzed the clinical data of patients with calculous cholecystitis between January 2023 and
January 2024. The inclusion criteria were as follows: 1) Age > 18 years; 2) Availability of complete clinical data for
analysis. The exclusion criteria included: 1) Patients with concurrent acute inflammatory diseases or malignant tumors; 2)
Patients who had received antibiotic treatment and nutritional supportive therapy prior to hospitalization; 3) Patients
complicated with gallbladder polyp; 4) Patients complicated with intrahepatic or extrahepatic cholelithiasis; 5) Non-
calculous cholecystitis; 6) Patients with missing clinical data.

Data Collection

Patients’ demographic information (Age, Gender, and BMI (kg/m?)), comorbidities (Hypertension and Diabetes), history
of smoking and alcohol drinking, and blood test results at admission (platelet count [PLT] (*10°/L), white blood cell
count [WBC] (*10°/L), hemoglobin [Hb] (g/L), neutrophil count [N] (*10°/L), lymphocyte count [L] (*10°/L), monocyte
count [M] (*10°/L), alanine aminotransferase [ALT] (U/L), aspartate aminotransferase [AST] (U/L), albumin [Alb] (g/L),
total bilirubin [TBIL] (umol/L), alkaline phosphatase [ALP] (U/L), gamma-glutamyl transpeptidase [GGT] (U/L), serum
creatinine [Scr] (umol/L), prothrombin time [PT] (s), International normalized ratio [INR]) were collected. Systemic
Inflammatory Indexes and Nutritional Markers, including NLR, PLR, SII, MLR, SIRI, and PNI, were calculated as
follows: NLR (neutrophils/lymphocytes ratio), PLR (platelets/lymphocytes ratio), SII ((neutrophilsxplatelets)/lympho-
cytes), MLR (monocytes/lymphocytes ratio), SIRI ((monocytesxneutrophils)/ lymphocytes), PNI (albumin
+5xlymphocytes).

Group and Definition

After the gallbladder was removed, histopathological examination was performed by a consultant pathologist. The final
diagnosis of calculus cholecystitis was based on the pathological examination of postoperative gallbladder tissue
specimens. Calculous cholecystitis includes CCC and ACC, and ACC can be further divided into ASC, APC, and
AGC. The details are as follows:

Chronic Calculus Cholecystitis (CCC): Histopathological examination reveals fibrosis and collagenous thickening of
the gallbladder wall, accompanied by mucosal atrophy, glandular depletion, and characteristic Rokitansky-Aschoff sinus
formation. Chronic inflammatory infiltrates—predominantly lymphocytes and plasma cells—are consistently observed.
Advanced cases may exhibit mural calcification (“porcelain gallbladder”). Multiple gallstones, often impacted within the
gallbladder lumen, are pathognomonic features of this condition (Figure 1).

Acute Simple Cholecystitis (ASC): Histopathological evaluation demonstrates diffuse edema with mild mural
thickening, secondary to vascular congestion and interstitial fluid accumulation. The mucosa exhibits focal ulceration
with predominant neutrophilic infiltration, while fibrinous serosal exudation may be observed. A hallmark feature is

CCcC ASC APC AGC
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Figure | The gallbladder sections of CCC, ASC, APC and AGC. H&E staining (x40 and x400).
Abbreviations: CCC, chronic calculus cholecystitis; ASC, acute simple cholecystitis; APC, acute purulent cholecystitis; AGC, acute gangrenous cholecystitis.
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cystic duct obstruction by impacted calculi, which precipitates the inflammatory cascade. The inflammatory process
remains confined to the gallbladder wall, demonstrating an absence of transmural necrosis, abscess formation, or
systemic complications. This early-stage presentation is pathognomonically associated with calculi impaction in the
cystic duct (Figure 1).

Acute Purulent Cholecystitis (APC): Histopathological evaluation reveals transmural inflammation with microabscess
formation within the gallbladder wall and lumen, accompanied by dense neutrophilic infiltrates and necrotic cellular
debris. Extensive mucosal ulceration and suppurative exudate are characteristic, while fibrinopurulent adhesions fre-
quently involve the serosal surface. This advanced stage often arises from bacterial proliferation secondary to persistent
cystic duct obstruction, representing a progression from acute simple cholecystitis. The condition carries a heightened
risk of perforation or systemic infectious complications, necessitating urgent clinical intervention (Figure 1).

Acute Gangrenous Cholecystitis (AGC): Histopathological evaluation demonstrates transmural coagulative necrosis
affecting all mural layers (mucosa, muscularis, serosa), accompanied by vascular thrombosis and bacterial colonization.
Macroscopic examination reveals green-black discoloration with hemorrhagic foci, indicative of advanced tissue
ischemia. Prominent neutrophilic infiltrates and areas of liquefactive necrosis coexist with necrotic debris, while
thrombosed vessels underscore the ischemic pathogenesis. This life-threatening condition carries a high risk of gall-
bladder perforation, potentially precipitating bile peritonitis. Immediate surgical intervention is imperative to mitigate
systemic complications (Figure 1).

Statistical Methods

This study performed statistical analyses using R 4.4.2 software. For continuous variables that conformed to the normal
distribution, the mean + standard deviation was used, and the #-test was employed to compare the differences between the
two groups. When the data did not satisfy the normal distribution, the median (interquartile range) was used, and the
nonparametric (Mann—Whitney) test was applied to compare the differences between the two groups. The chi-square test
was used for comparing discontinuous data between groups. The ROC curve was plotted, and the AUC value was
calculated using the “pROC” package. The ROC curve analysis was performed to estimate optimal cut-off values,
maximizing sensitivity and specificity according to the Youden index. The logistic model was constructed and fitted
using the generalized linear model “glm” function, with the fitting method set as the binomial distribution.

Results
Study the Demographic and Clinical Characteristics of Patients

From the initial pool of 285 patients screened for cholecystitis with gallbladder stones with histological evidence,
exclusions were made for incomplete clinical data (15 patients), concurrent inflammatory diseases (6 patients), malignant
tumors (4 patients), prior antibiotic treatment (9 patients), nutritional supportive therapy (6 patients), and gallbladder polyp
complications (6 patients). This resulted in a study cohort of 239 patients (Figure 2). A total of 109 patients with CCC (33
male, 76 female) with a median age of 53.5 years and 130 patients with ACC (59 male, 71 female) with a median age of 58.4
years were included in this study. The values of WBC, N, and M were significantly higher in ACC patients with gallbladder
stones compared to CCC patients (P <0.001). Furthermore, ACC patients had higher TBIL, GGT, and Scr levels compared
to CCC patients (P <0.05). Conversely, ACC patients exhibited decreased concentrations of M and Alb compared to CCC
patients (P < 0.001). Notably, patients with ACC had significantly higher levels of systemic inflammatory indexes such as
NLR, PLR, SII, MLR, and SIRI but lower levels of nutritional markers such as PNI and Alb compared to CCC patients.
Table 1 shows the demographic and baseline clinical characteristics of the study patients.

Comeparison of General Data of Patients with Gallbladder Stones with Acute
Cholecystitis of Different Severity

ACC patients were retrospectively divided into three groups based on their postoperative pathological diagnosis: ASC, APC, and
AGC. The ASC group included 62 cases, consisting of 24 males and 38 females with an average age of 55.5 £ 15.5 years. The
APC group included 35 cases, consisting of 14 males and 21 females with an average age of 54.9 + 16.4 years. The AGC group
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Calculus Cholecystitis screened (n=285)

age<18 years (n=0)

incomplete clinical data (n=15)

concurrent inflammatory diseases (n=6)

concurrent malignant tumors (n=4)

prior antibiotic treatment (n=9)

prior nutritional supportive therapy (n=6)

complicated with gallbladder polyp (n=6)

complicated with intrahepatic or extrahepatic cholelithiasis (n=0)
non-calculous cholecystitis (n=0)

| eligible patients (239) |

CCC (n=109) ACC (n=130)

| ASC (n=62) | | APC (n=35) | | AGC (n=33) |

Figure 2 Flow diagram of cases enrolled in this study.
Abbreviations: CCC, chronic calculus cholecystitis; ACC, acute calculus cholecystitis; ASC, acute simple cholecystitis; APC, acute purulent cholecystitis; AGC, acute
gangrenous cholecystitis.

included 33 cases, consisting of 21 males and 12 females with an average age of 67.4 + 8.34 years. There were no significant
differences in gender, comorbidities, and BMI among patients with varying severity levels (P > 0.05). However, there were
statistically significant differences in WBC, N, L, or Alb between the groups (P < 0.05). Additionally, there were apparent
differences in systemic inflammatory indexes such as NLR, PLR, SII, MLR, and SIRI (P < 0.05), but no significant differences in
the nutritional marker PNI among patients with varying severity levels (P > 0.05). The detailed demographic information and
baseline clinical characteristics of patients are shown in Table 2.

Using Systemic Inflammatory Index and Nutritional Marker Analyzes Acute Calculus

Cholecystitis and Its Severity

Our study further validates the significant value of systemic inflammatory indexes (such as NLR, PLR, SII, MLR, SIRI) in
differentiating acute from chronic calculus cholecystitis. The baseline data analysis revealed significant differences in the
levels of five inflammatory biomarkers among patients with acute and chronic cholecystitis with cholecystolithiasis. Notably,
the values of NLR, SII, and SIRI in the ACC group were significantly higher than those in the CCC group, more than six
times as high, indicating that the systemic inflammatory response and immune dysregulation in ACC patients are more
pronounced. This may signal the severity of the disease and a poor clinical prognosis. The data variability among patients
with acute calculus cholangitis was considerable, suggesting significant inter-group differences in immune responses and
inflammatory control, which may reflect the instability of the body under different infection conditions. Table 2 corroborated
these findings, showing that the preoperative NLR, PLR, SII, MLR, and SIRI increased as the severity of acute calculus
cholecystitis worsened (P < 0.001). Additionally, the preoperative PT and INR lengthened as the severity of acute calculus
cholecystitis worsened, which may reflect the blood clotting disorder of the body under different infection conditions.
Conversely, nutritional indicators such as PNI and Alb trended downward as the severity escalated, which may reflect the
poor nutritional status of the body as the severity of acute calculus cholecystitis increased.

Evaluation of the Differential Ability of Systemic Inflammatory Index and Nutritional
Marker in Differentiating Acute from Chronic Calculus Cholecystitis
Addressing the challenges of accurately classifying acute from chronic calculus cholecystitis and the lack of standardized

laboratory references, our study employed ROC analysis for both systemic inflammatory and nutritional indexes. The ROC
curves, illustrated in Figure 3A, revealed that the AUCs for NLR, SIRI, SII, PLR, MLR, Alb, and PNI were different, and the
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Table | Comparison of Basic Clinical Characteristics

Between CCC and ACC

Characteristics CCC ACC p.Overall
N=109 N=130

Age(years) 53.5(124) | 584 (15.2) 0.007
Gender 0.024

Male 33 (30.3%) 59 (45.4%)

Female 76 (69.7%) 71 (54.6%)
Hypertension 0.263

No 85 (78.0%) | 92 (70.8%)

Yes 24 (22.0%) 38 (29.2%)
Diabetes 0.118

No 99 (90.8%) | 108 (83.1%)

Yes 10 (9.2%) 22 (16.9%)
Smoking 0.101

No 98 (89.9%) | 106 (81.5%)

Yes Il (10.1%) 24 (18.5%)
Drinking 0.182

No 104 (95.4%) | 117 (90.0%)

Yes 5 (4.6%) 13 (10.0%)
Height(m) 1.63 (0.09) 1.65 (0.08) 0.139
Weight(kg) 66.9 (11.2) | 67.5(10.8) 0.661
BMI(kg/m?) 249 (3.15) | 24.8 (3.08) 0.650
PLT(x10°/L) 230 (62.2) 233 (75.7) 0.717
WBC(x10%/L) 5.53 (1.41) | 9.65 (4.85) <0.001
Hb(g/L) 138 (15.7) 136 (16.8) 0.337
N(x10°/L) 2.96 (0.96) | 7.56 (4.85) <0.001
L(x10%1L) 2.05 (0.64) 1.41 (0.67) <0.001
M(x10°/L) 0.35 (0.10) | 0.57 (0.41) <0.001
ALT(U/L) 36.6 (76.0) | 44.5 (69.9) 0.407
AST(U/L) 28.8 (44.1) | 35.8 (43.4) 0.216
Alb(g/L) 41.5 (3.37) | 39.3 (547) <0.001
TBIL(umol/L) 14.1 (8.58) | 21.5(14.0) <0.001
ALP(U/L) 6.1 (36.7) 96.9 (60.3) 0.091
GGT(U/L) 49.1 (84.3) 789 (117) 0.023
Scr(pumol/L) 63.7 (11.4) | 71.4 (40.5) 0.040
PT(s) 13.3 (0.87) 14.5 (1.60) <0.001
INR 0.95 (0.07) 1.04 (0.13) <0.001
NLR 1.54 (0.59) | 8.07 (10.0) <0.001
PLR 121 (46.0) 206 (146) <0.001
NI 355 (177) 1810 (2450) <0.001
PNI 148 (16.4) 143 (17.6) 0.019
MLR 0.18 (0.07) | 0.54 (0.63) <0.001
SIRI 0.55 (0.30) | 5.74 (10.2) <0.001

Abbreviations: CCC, chronic calculus cholecystitis; ACC, acute calculus
cholecystitis; BMI, body mass index; PLT, platelet count; WBC, white blood
cell count; Hb, hemoglobin; N, neutrophil count; L, lymphocyte count; M,
monocyte count; ALT, alanine aminotransferase; AST, aspartate aminotransfer-
ase; Alb, albumin; TBIL, total bilirubin; ALP, alkaline phosphatase; GGT,
gamma-glutamyl transpeptidase; Scr; serum creatinine; PT, prothrombin time;
INR, International normalized ratio; NLR, Neutrophil-to-Lymphocyte Ratio;
PLR, Platelet-to-Lymphocyte Ratio; Sll, Systemic Immune-Inflammation Index;
PNI, Prognostic Nutritional Index; MLR, Monocyte-to-Lymphocyte Ratio; SIRI,

Systemic Inflammatory Response Index.
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Table 2 Comparison of Basic Clinical Characteristics of ASC, APC

and AGC Patients

Characteristics ASC APC AGC p.Overall
N=62 N=35 N=33

Age(years) 55.5(15.5) | 54.9(16.4) 67.4(8.34) <0.001
Gender 0.050

Male 24(38.7%) | 14(40.0%) 21(63.6%)

Female 38(61.3%) | 21(60.0%) 12(36.4%)
Hypertension 0.498

No 41(66.1%) | 27(77.1%) 24(72.7%)

Yes 21(33.9%) 8(22.9%) 9(27.3%)
Diabetes 0.768

No 53(85.5%) | 28(80.0%) 27(81.8%)

Yes 9(14.5%) 7(20.0%) 6(18.2%)
Smoking 0.108

No 52(83.9%) | 31(88.6%) 23(69.7%)

Yes 10(16.1%) | 4(11.4%) 10(30.3%)
Drinking 0.180

No 57(91.9%) | 33(94.3%) 27(81.8%)

Yes 5(8.1%) 2(5.7%) 6(18.2%)
Height(m) 1.64(0.08) | 1.64(0.09) 1.67(0.07) 0.226
Weight(kg) 67.6(10.8) | 66.3(10.8) 68.5(10.9) 0.706
BMI(kg/m2) 249(3.03) | 24.6(3.12) 24.5(3.23) 0.792
PLT(x109/L) 226(67.6) | 261(80.7) 217(78.9) 0.051
WBC(x109/L) 7.25(3.56) | 9.93(3.37) 13.9(5.39) <0.001
Hb(g/L) 137(16.5) 135(15.4) 135(19.1) 0.840
N(x109/L) 5.05(3.22) | 7.67(3.55) 12.2(5.26) <0.001
L(x109/L) 1.60(0.66) | 1.52(0.68) 0.92(0.44) <0.001
M(x109/L) 0.44(0.25) | 0.58(0.21) 0.81(0.65) 0.001
ALT(UIL) 48.2(78.0) | 54.5(82.5) 27.021.0) 0.036
AST(U/L) 31.1(37.6) | 45.0(60.7) 35.1(29.0) 0.467
Alb(g/L) 40.9(4.35) | 40.0(4.96) 35.6(6.26) <0.001
TBIL(umol/L) 20.1(14.5) | 22.7(15.7) 23.0(10.9) 0.507
ALP(UIL) 91.8(42.9) 108(91.8) 94.6(44.7) 0.615
GGT(U/L) 77.6(121) 101(148) 57.6(48.5) 0.183
Scr(umol/L) 65.7(12.0) | 66.9(15.8) 87.0(75.8) 0.276
PT(s) 13.9(1.26) | 14.7(1.46) 15.3(1.88) <0.001
INR 0.99(0.09) | 1.06(0.12) I.11(0.15) <0.001
NLR 3.75(3.42) | 6.47(5.04) 17.9(14.8) <0.001
PLR 159(75.8) 196(93.4) 303(228) 0.001
Sl 841(788) | 1670(1410) | 3780(3880) <0.001
PNI 145(17.5) 142(16.1) 140(19.4) 0.455
MLR 0.32(0.28) | 0.45(0.26) 1.06(0.99) <0.001
SIRI 2.14(3.55) | 4.17(4.10) 14.2(16.7) <0.001

Abbreviations: ASC, acute simple cholecystitis; APC, acute purulent cholecystitis;
AGC, acute gangrenous cholecystitis; BMI, body mass index; PLT, platelet count; WBC,
white blood cell count; Hb, hemoglobin; N, neutrophil count; L, lymphocyte count; M,
monocyte count; ALT, alanine aminotransferase; AST, aspartate aminotransferase; Alb,
albumin; TBIL, total bilirubin; ALP, alkaline phosphatase; GGT, gamma-glutamyl transpep-
tidase; Scr, serum creatinine; PT, prothrombin time; INR, International normalized ratio;
NLR, Neutrophil-to-Lymphocyte Ratio; PLR, Platelet-to-Lymphocyte Ratio; Sll, Systemic
Immune-Inflammation Index; PNI, Prognostic Nutritional Index; MLR, Monocyte-to-

Lymphocyte Ratio; SIRI, Systemic Inflammatory Response Index.
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Figure 3 Comparison of the areas under the ROC curve for systemic inflammatory index and nutritional marker between CCC and ACC patients (A), ASC and APC
patients (B), APC and AGC patients (C).

Abbreviations: CCC, chronic calculus cholecystitis; ACC, acute calculus cholecystitis; ASC, acute simple cholecystitis; APC, acute purulent cholecystitis; AGC, acute
gangrenous cholecystitis; NLR, Neutrophil-to-Lymphocyte Ratio; PLR, Platelet-to-Lymphocyte Ratio; SlI, Systemic Immune-Inflammation Index; MLR, Monocyte-to-
Lymphocyte Ratio; SIRI, Systemic Inflammatory Response Index; PNI, Prognostic Nutritional Index; Alb: albumin.

AUC of NLR was the largest. The optimal cut-off value of NLR in distinguishing acute from chronic calculus cholecystitis was
2.499. The sensitivity at this cut-off point was 74.6%, the specificity was 94.4%, and the AUC was 0.896. Notably, NLR emerged
as the superior inflammatory index, consistent with other research and affirming the validity of our optimal threshold."" The
optimal cut-off value of SIRI in distinguishing acute from chronic calculus cholecystitis was 0.964. The sensitivity at this cut-off
point was 72.3%, the specificity was 90.8%, and the AUC was 0.875. The optimal cut-off value of SII in distinguishing acute
from chronic calculus cholecystitis was 593.5. The sensitivity at this cut-off point was 71.5%, the specificity was 93.5%, and the
AUC was 0.864. The optimal cut-off value of MLR in distinguishing acute from chronic calculus cholecystitis was 0.230. The
sensitivity at this cut-off point was 73.8%, the specificity was 88.1%, and the AUC was 0.855. The optimal cut-off value of PLR
in distinguishing acute from chronic calculus cholecystitis was 148.0. The sensitivity at this cut-off point was 61.5%, the
specificity was 83.4%, and the AUC was 0.755. The optimal cut-off value of Alb in distinguishing acute from chronic calculus
cholecystitis was 39.45. The sensitivity at this cut-off point was 46.9%, the specificity was 82.5%, and the AUC was 0.629. The
optimal cut-off value of PNI in distinguishing acute from chronic calculus cholecystitis was 141.3. The sensitivity at this cut-off
point was 48.4%, the specificity was 66.9%, and the AUC was 0.581. This may be related to the fact that in the early stages of
acute inflammation, the albumin in the body has not been chronically depleted, and although the lymphocyte count has changed,
the PNI has not changed significantly, resulting in a relatively low AUC efficacy.'? These factors, despite their varying accuracy,
can aid in identifying acute from chronic cholecystitis with gallbladder stones at specific cut-offs, as shown in Table 3.

Table 3 ROC Curve Analysis for Systemic Inflammatory
Index and Nutritional Marker Between CCC and ACC

Patients
Parameter | AUC | Cutoff | Sensitivity | Specificity
NLR 0.896 | 2.499 74.6% 94.4%
SIRI 0.875 | 0.964 72.3% 90.8%
N 0.864 | 593.5 71.5% 93.5%
MLR 0.836 | 0.230 73.8% 83.4%
PLR 0.755 | 148.0 61.5% 83.4%
Alb 0.629 | 39.45 46.9% 82.5%
PNI 0.581 | 141.3 48.4% 66.9%

Abbreviations: CCC, chronic calculus cholecystitis; ACC, acute calculus
cholecystitis; NLR, Neutrophil-to-Lymphocyte Ratio; SIRI, Systemic
Inflammatory Response Index; SlI, Systemic Immune-Inflammation Index;
MLR, Monocyte-to-Lymphocyte Ratio; PLR, Platelet-to-Lymphocyte Ratio;
Alb, albumin; PNI, Prognostic Nutritional Index.
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Conducting Logistic Regression Analyses to Evaluate the Clinical Significance of

Systemic Inflammatory Index and Nutritional Marker as Biomarkers in Distinguishing
Between ACC and CCC Patients

Univariate and multivariate logistic analyses were conducted to evaluate the clinical significance of systemic inflamma-
tory index and nutritional marker as biomarkers in distinguishing between ACC and CCC patients. Variables that
demonstrated a P - value of < 0.05 in the univariate analysis were subsequently included in the multivariable binary
logistic analysis, encompassing age, gender, WBC, Alb, TBIL, GGT, Scr, PT, NLR, PLR, SII, PNI, and SIRI. Notably, in
the multivariate analysis, only one variable was found to be significant in discriminating between ACC and CCC, which
is NLR > 2.499 (OR: 4.69, P = 0.006). As shown in Table 4.

Table 4 Univariate and Multivariate Logistic Regression
Analysis for the Factors Distinguishing ACC From CCC

Patients
Variates Odds Ratio (OR) | 95% CI p-value
Univariate
Age(years) 1.03 1.01-1.04 | 0.009
Gender 0.52 0.31-0.89 | 0.017
Hypertension | 1.46 0.81-2.64 | 0.206
Diabetes 2.02 091447 | 0.084
Smoking 2.02 0.94-4.33 0.072
Drinking 231 0.80-6.70 | 0.123
BMI(kg/m2) 0.98 0.90-1.07 | 0.647
WBC(x109/L) | 1.67 1.43-1.97 | <0.001
Hb(g/L) 0.99 0.98-1.01 0.339
ALT(U/L) 1.00 1.00-1.01 0.409
AST(U/L) 1.00 1.00-1.01 0.231
Alb(g/L) 0.90 0.85-0.96 <0.001
TBIL(umol/L) 1.08 1.04-1.12 <0.001
ALP(U/L) 1.00 1.00-1.01 0.113
GGT(U/L) 1.00 1.00-1.01 0.039
Scr(umol/L) 1.02 1.00-1.04 | 0.029
PT(s) 2.36 1.76-3.16 <0.001
NLR 5.19 3.11-8.66 <0.001
PLR 1.02 1.01-1.02 <0.001
NI 1.00 1.00-1.01 <0.001
PNI 0.98 0.97-1.00 | 0.021
SIRI 13.78 5.55-34.20 | <0.001
Multivariate
Age(years) 1.01 0.98-1.05 0.378
Gender 0.73 0.23-2.37 | 0.602
WBC(x109/L) | 1.49 0.84-2.65 0.177
Alb(g/L) 1.0l 0.89-1.15 0.860
TBIL(umol/L) 1.03 0.98-1.07 | 0.300
GGT(U/L) 1.00 1.00-1.01 0.134
Scr(umol/L) 1.02 0.98-1.07 | 0.279
PT(s) 1.25 0.82-1.91 0.309
NLR 4.69 1.55-14.16 | 0.006
PLR 1.0l 0.98-1.03 0.550
NI 1.00 0.99-1.01 0.748

(Continued)
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Table 4 (Continued).

Variates Odds Ratio (OR) | 95% CI p-value
PNI 0.97 0.94-1.01 0.136
SIRI 0.73 0.35-1.50 | 0.387

Abbreviations: CCC, chronic calculus cholecystitis; ACC, acute calculus
cholecystitis; BMI, body mass index; WBC, white blood cell count; Hb,
hemoglobin; ALT, alanine aminotransferase; AST, aspartate aminotransfer-
ase; Alb, albumin; TBIL, total bilirubin; ALP, alkaline phosphatase; GGT,
gamma-glutamyl transpeptidase; Scr, serum creatinine; PT, prothrombin
time; NLR, Neutrophil-to-Lymphocyte Ratio; PLR, Platelet-to-Lymphocyte
Ratio; Sll, Systemic Immune-Inflammation Index; PNI, Prognostic Nutritional
Index; SIRI, Systemic Inflammatory Response Index.

Evaluation of the Differential Ability of Systemic Inflammatory Index and Nutritional
Marker as Biomarkers in Predicting the Severity of Acute Cholecystitis with
Cholecystolithiasis (Acute Simple Cholecystitis VS Acute Purulent Cholecystitis)

Addressing the challenges of accurately classifying acute simple cholecystitis from acute purulent cholecystitis with
cholecystolithiasis, our study employed ROC analysis for both inflammatory and nutritional indexes. The ROC curves,
illustrated in Figure 3B, revealed that the AUCs for SII, SIRI, MLR, NLR, PLR, Alb, and PNI were different, and the
AUC of SII was the largest. The optimal cut - off value of SII in distinguishing acute simple cholecystitis from acute
purulent cholecystitis with cholecystolithiasis was 1098. The sensitivity at this cut - off point was 60%, the specificity
was 82.2%, and the AUC was 0.73. Notably, SII emerged as the superior inflammatory index, which may be related to
the transformation from local inflammation in ASC to systemic inflammation in APC.'* The optimal cut - off value of
SIRI in distinguishing acute simple cholecystitis from acute purulent cholecystitis with cholecystolithiasis was 2.092.
The sensitivity at this cut - off point was 65.7%, the specificity was 80.6%, and the AUC was 0.728. The optimal cut - off
value of MLR in distinguishing acute simple cholecystitis from acute purulent cholecystitis with cholecystolithiasis was
0.304. The sensitivity at this cut - off point was 65.7%, the specificity was 69.3%, and the AUC was 0.697. The optimal
cut - off value of NLR in distinguishing acute simple cholecystitis from acute purulent cholecystitis with cholecysto-
lithiasis was 4.082. The sensitivity at this cut - off point was 62.8%, the specificity was 79%, and the AUC was 0.696.
The optimal cut - off value of PLR in distinguishing acute simple cholecystitis from acute purulent cholecystitis with
cholecystolithiasis was 191.1. The sensitivity at this cut - off point was 51.4%, the specificity was 79%, and the AUC was
0.636. The optimal cut - off value of Alb in distinguishing acute simple cholecystitis from acute purulent cholecystitis
with cholecystolithiasis was 39.85. The sensitivity at this cut - off point was 54.2%, the specificity was 66.1%, and the
AUC was 0.556. The optimal cut - off value of PNI in distinguishing acute simple cholecystitis from acute purulent
cholecystitis with cholecystolithiasis was 135.3. The sensitivity at this cut - off point was 42.8%, the specificity was
70.9%, and the AUC was 0.54. These factors, despite their varying accuracy, can aid in identifying acute simple
cholecystitis from acute purulent cholecystitis with gallbladder stones at specific cut - offs, as shown in Table 5.

Evaluation of the Differential Ability of Systemic Inflammatory Index and Nutritional
Marker as Biomarkers in Predicting the Severity of Acute Cholecystitis with
Cholecystolithiasis (Acute Purulent Cholecystitis vs Acute Gangrenous Cholecystitis)

Addressing the challenges of accurately classifying acute purulent cholecystitis from acute gangrenous cholecystitis with
cholecystolithiasis, our study employed ROC analysis for both inflammatory and nutritional indexes. The ROC curves,
illustrated in Figure 3C, revealed that the AUCs for NLR, SIRI, MLR, SII, Alb, PLR, and PNI were different, and the
AUC of NLR was the largest. The optimal cut - off value of NLR in distinguishing acute purulent cholecystitis from
acute gangrenous cholecystitis with cholecystolithiasis was 7.232. The sensitivity at this cut - off point was 84.8%, the
specificity was 68.5%, and the AUC was 0.826. The optimal cut - off value of SIRI in distinguishing acute purulent
cholecystitis from acute gangrenous cholecystitis with cholecystolithiasis was 4.773. The sensitivity at this cut - off point
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Table 5 ROC Curve Analysis for Systemic Inflammatory
Index and Nutritional Marker Between ASC and APC

Patients
Parameter | AUC | Cutoff | Sensitivity | Specificity
NI 0.730 | 1098 60.0% 82.2%
SIRI 0.728 | 2.092 65.7% 80.6%
MLR 0.697 | 0.304 65.7% 69.3%
NLR 0.696 | 4.082 62.8% 79.0%
PLR 0.636 | 191.1 51.4% 79.0%
Alb 0.556 | 39.85 54.2% 66.1%
PNI 0.540 | 1353 42.8% 70.9%

Abbreviations: ASC, acute simple cholecystitis; APC, acute purulent
cholecystitis; Sll, Systemic Immune-Inflammation Index; SIRI, Systemic
Inflammatory Response Index; MLR, Monocyte-to-Lymphocyte Ratio;
NLR, Neutrophil-to-Lymphocyte Ratio; PLR, Platelet-to-Lymphocyte
Ratio; Alb, albumin; PNI, Prognostic Nutritional Index.

Table 6 ROC Curve Analysis for Systemic Inflammatory
Index and Nutritional Marker Between APC and AGC

Parameter | AUC | Cutoff | Sensitivity | Specificity
NLR 0.826 | 7.232 84.8% 68.5%
SIRI 0.801 | 4.773 78.7% 74.2%
MLR 0.799 | 0.557 72.7% 77.1%
N 0.759 | 2417 63.6% 85.7%
Alb 0.718 | 37.15 69.6% 77.1%
PLR 0.683 | 221.5 63.6% 71.4%
PNI 0.462 | 156.1 27.2% 80.0%

Abbreviations: APC, acute purulent cholecystitis; AGC, acute gangre-
nous cholecystitis; NLR, Neutrophil-to-Lymphocyte Ratio; SIRI, Systemic
Inflammatory Response Index; MLR, Monocyte-to-Lymphocyte Ratio; S,
Systemic Immune-Inflammation Index; Alb, albumin; PLR, Platelet-to-
Lymphocyte Ratio; PNI, Prognostic Nutritional Index.

was 78.7%, the specificity was 74.2%, and the AUC was 0.801. The optimal cut - off value of MLR in distinguishing
acute purulent cholecystitis from acute gangrenous cholecystitis with cholecystolithiasis was 0.557. The sensitivity at this
cut - off point was 72.7%, the specificity was 77.1%, and the AUC was 0.799. The optimal cut - off value of SII in
distinguishing acute purulent cholecystitis from acute gangrenous cholecystitis with cholecystolithiasis was 2417. The
sensitivity at this cut - off point was 63.6%, the specificity was 85.7%, and the AUC was 0.759. The optimal cut - off
value of Alb in distinguishing acute purulent cholecystitis from acute gangrenous cholecystitis with cholecystolithiasis
was 37.15. The sensitivity at this cut - off point was 69.6%, the specificity was 77.1%, and the AUC was 0.718. The
optimal cut - off value of PLR in distinguishing acute purulent cholecystitis from acute gangrenous cholecystitis with
cholecystolithiasis was 221.5. The sensitivity at this cut - off point was 63.6%, the specificity was 71.4%, and the AUC
was 0.683. However, the AUC of PNI was relatively small and was only 0.462, which may be associated with a high
proportion of neutrophils in the total number of leukocytes and fewer lymphocytes in severe inflammation, resulting in
no significant difference between APC and AGC. As shown in Table 6.

Discussion
Cholecystitis typically manifests symptoms such as a positive Murphy’s sign, pain, and tenderness in the right upper
quadrant.'* In fact, the etiology of cholecystitis is multifactorial and interrelated. Research indicates that approximately
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95% of cholecystitis cases are associated with gallstones.'® Calculus cholecystitis, characterized by inflammation of the
gallbladder, is typically triggered by blockage of the cystic duct. It often has a protracted course and a high risk of
recurrence.”'®!” Delayed intervention can lead to chronic cystic bile duct obstruction, resulting in gallbladder lumen
dilation and wall thickening due to submucosal edema. This can exacerbate the physical and psychological burden on
patients and complicate treatment. Therefore, timely intervention is crucial for preventing further complications.'®!"?

However, cholecystitis with gallstones cannot be definitively diagnosed by a single examination currently. Diagnosis
mainly relies on the traditional TG18 diagnostic criteria, which encompass a series of complex standards and indicators.
A comprehensive evaluation of the patient’s clinical manifestations, laboratory findings, and radiological results is
required.®*° Although TGI8 is regarded as a benchmark for assessing cholecystitis with gallstones, it demands
a comprehensive assessment of the entire body and consumes a significant amount of time to implement.
Consequently, these guidelines may not be expedient for accurately and rapidly diagnosing different types of cholecystitis
in the preoperative period in emergent clinical scenarios.

Therefore, we analyzed the role of systemic inflammatory indexes and nutritional markers in predicting acute calculus
cholecystitis and its severity, aiming to enable clinicians to quickly determine the severity of a patient’s condition and
make optimal decisions.

A plethora of studies have introduced diverse predictive models for different types of cholecystitis, incorporating risk
factors such as thiol - disulfide, ischemia - modified albumin, monocyte distribution width (MDW), neutrophil - to -
lymphocyte ratio (NLR), C - reactive protein (CRP), platelet - to - lymphocyte ratio (PLR), and systemic immune -
inflammation index (SII). Melih et al conducted an extensive analysis involving 108 patients hospitalized with acute
cholecystitis and 42 healthy volunteers, highlighting the role of oxidative stress markers in assisting radiologic
examinations to determine the severity of acute cholecystitis.”’ In another study, Kao et al examined data from 331
patients and deduced that patients with an MDW2>21.6 had a higher risk of severe cholecystitis and were more likely to
have a prolonged hospital stay.*

Additionally, a retrospective cohort study including 160 elderly patients with cholecystolithiasis and cholecystitis (45
cases of simple cholecystitis, 58 cases of suppurative cholecystitis, 57 cases of gangrenous cholecystitis) and 60 cases of
normal gallbladder histology indicated that preoperative NLR and CRP levels could be used to distinguish cholecysto-
lithiasis with cholecystitis in elderly patients. Preoperative NLR levels could also be used to distinguish simple
cholecystitis from purulent cholecystitis, as well as purulent cholecystitis from gangrenous cholecystitis in elderly
patients with cholecystolithiasis.”® Serban et al, by analyzing the value of NLR, PLR, and SII in predicting advanced
inflammation, the risk of conversion, and postoperative complications of acute calculous cholecystitis, concluded that
NLR was superior to PLR and SII."?

However, the quantification of oxidative stress markers, monocyte distribution width, and CRP is frequently hindered
by the limitations of hospital equipment, preventing many healthcare facilities from conducting such evaluations. This
limitation underscores the urgent need for an economically feasible and universally applicable standard that can be
seamlessly integrated into routine clinical practice to precisely assess the severity of cholecystitis with gallstones. Li et al
utilized combined scoring systems (neutrophil - to - lymphocyte ratio and prognostic nutritional index) to simply and
accurately predict the severity of inpatient acute cholangitis, thereby improving the accuracy and efficiency of clinical
decision - making in complex cases and for high - risk patients.*

Confronted with the aforementioned diagnostic challenges, our team combined systemic inflammatory indexes with
nutritional markers to analyze and predict acute calculus cholecystitis and its severity. As the disease severity escalates,
inflammatory biomarkers such as NLR, PLR, SII, MLR, and SIRI increase significantly, whereas nutritional indicators
like PNI and Alb decline markedly.

Our research revealed that various systemic inflammatory indexes and nutritional markers derived from a complete
blood count are prognostic tools for ascertaining the severity of cholecystitis with cholecystolithiasis. They enable
clinicians to rapidly differentiate the severity levels of cholecystitis with cholecystolithiasis using basic test data, thus
facilitating the interpretation of risk assessments for both physicians and patients. This straightforward and expedient
method enhances doctor - patient communication, ensures the prompt recognition of cholecystitis with cholecystolithia-
sis, and informs tailored medical decisions for patients with diverse clinical presentations. Notably, for patients with
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acute purulent cholecystitis and acute gangrenous cholecystitis, the expedited transfer to ICU wards has been instru-
mental in saving critical time, thereby reducing the mortality rates associated with the condition.

Previous studies have elucidated that white blood cell count and leukocyte subtype cells are valuable indicators for
predicting the inflammatory process in acute cholecystitis.>® The white blood cell count has been established as the
primary biomarker for assessing the severity of cholecystitis.® In recent years, with the continuous improvement of the
requirements for the accuracy of disease diagnosis, a large number of systemic inflammatory indexes have emerged,
including NLR, PLR, SII, MLR, and SIRI. These systemic inflammatory indexes, calculated using neutrophils, lympho-
cytes, platelets, and monocytes, greatly improve the diagnostic accuracy and efficiency of inflammatory diseases such as
acute cholecystitis, acute cholangitis, acute pancreatitis, and pneumonia.>***2*

Neutrophils, which are pivotal in orchestrating inflammatory responses, exacerbate systemic inflammation through
the secretion of pro - inflammatory cytokines. In severe acute cholangitis cases, this can potentially precipitate Systemic
Inflammatory Response Syndrome (SIRS) and septic shock.”” Concurrently, lymphocytes modulate this systemic
inflammation. Persistent inflammatory states induce lymphocyte redistribution and apoptosis, thereby decreasing lym-
phocyte counts.*® Numerous studies have shown that elevated platelet counts are associated with poor prognosis in many
inflammatory diseases and cancers, including lung, gastric, pancreatic, cervical, ovarian, and prostate inflammations and
cancers.’' > Monocytes are a key component of both the innate and adaptive immune systems. They circulate in the
peripheral blood and migrate into tissues, where they can differentiate into tissue macrophages.>**” Monocytes and their
macrophage derivatives play an important role in the regulation of immune - inflammatory responses.**~°

In our study, we identified systemic inflammatory indexes as potential predictors for the preoperative diagnosis and
postoperative pathological classification of cholecystitis. Previous research also supports our findings. In a retrospective
study, Chen et al evaluated 105 chronic calculous cholecystitis (CCC) and 88 acute calculous cholecystitis (ACC)
patients and concluded that systemic inflammation indexes, including NLR, PLR, and SII, can be useful in predicting the
risk of mild - degree ACC and moderate - to - severe - degree ACC. NLR can serve as an optimum indicator with
distinguishing power and sensitivity, differentiating ACC from CCC."'

Consistent with our findings, a study by Lee et al observed a significant association between NLR and acute
gangrenous cholecystitis (AGC), where each standard deviation increase in NLR corresponded to a 48% heightened
probability of AGC.*® In another retrospective study, Turhan et al indicated that the PLR level was significantly higher in
the complicated cholecystitis group, and the best cutoff value for PLR was 146.9, which is consistent with our research.*!
In a prospective study, NLR>5 and PLR>175 can serve as inflammatory biomarkers, assisting physicians in the clinical
diagnosis of acute gangrenous cholecystitis.*?

In previous studies, Cakcak et al, retrospectively recruiting 126 consecutive patients with acute cholecystitis with and
without cholecystostomy, found that systemic inflammatory indexes, including NLR, PLR, SII, and SIRI, are signifi-
cantly elevated in patients with cholecystostomy. They deduced that systemic inflammatory indexes at the time of
admission could help in the predictive evaluation of the treatment of patients with acute cholecystitis.** Additionally,
Dincer et al found that calculating the MLR at the time of admission could help in the predictive evaluation of the
treatment of patients with acute cholecystitis.**

An increasing number of current studies support the link between nutritional markers and the severity of the disease
and its prognosis. The Nutritional Risk Index (NRI) is derived from weight change and blood albumin levels and is
lauded for its ability to assess the malnutrition risk in various patient populations. However, for specific patient
subgroups, it may not be sensitive enough or fully applicable. The NUTRIC score, designed specifically for patients
in the intensive care unit (ICU), includes easily obtainable and objective characteristics.*> However, its correlation with
accurate indicators of nutritional status remains weak.

The CONUT score (Control of Nutritional Status score) enables the early detection of malnutrition. It measures
nutritional status by assessing blood albumin, cholesterol, and lymphocyte count.*® However, there are several limitations
to its wider application across different disorders. The serum albumin score, or ALB score, a simple blood test, reflects
a patient’s liver function and nutritional state. However, confounding variables such as edema or hepatic disease can
affect its predictive accuracy.*’
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The Prognostic Nutritional Index (PNI) reflects patients’ nutritional state and is well - known for its predictive
accuracy. It functions as a dual predictor of immune function and nutrition. PNI is frequently used to predict mortality
and surgical complications; worse scores are associated with unfavorable outcomes. Systemic inflammatory responses,
characterized by increased vascular permeability, facilitate albumin transfer from the intravascular compartment.
Inflammation suppresses hepatic albumin mRNA expression, slowing albumin synthesis and accelerating its breakdown.
While inflammatory cytokines, particularly IL - 6, promote the production of acute - phase proteins like C - reactive
protein, they also inhibit hepatocyte albumin synthesis.*®

The NF - «B pathway is a key component of the inflammatory signaling pathways that regulate lymphocyte
dynamics. When pathogens or tumor necrosis factors activate it, pro - inflammatory cytokines like IL - 1 and IL - 6
are upregulated, which may lead to lymphocytopenia.*’ Furthermore, during the stress response induced by inflamma-
tion, immune - suppressive chemicals such as corticosteroids are released, which further exacerbates the immune -
suppressive state by inhibiting lymphocyte formation.>

A recent prospective study found an inverse linear relationship between pre - diagnostic serum albumin levels and the
risk of inflammatory diseases, particularly in patients with acute cholangitis, multiple myeloma, etc.*>' This was further
supported by a retrospective study by Li et al, which noted that PNI might be a significant predictive factor for acute
cholangitis.”* Empirical investigations have shown that both PNI and the Control of Nutritional Status (CONUT) score
influence the survival of multiple myeloma patients; a low PNI is predictive of a poor prognosis.’ ! Another retrospective
investigation that examined patients who had surgery for secondary spontaneous pneumothorax showed that the
predictive nutritional index was significantly positively and negatively correlated with body mass index and performance
status, respectively. This study also demonstrated that a lower prognostic nutritional index was an independent risk factor
for postoperative complications.”?

However, the relationship between PNI changes and the severity of calculus cholecystitis was previously unknown.
Our study explored this association by using PNI as a predictive tool for calculus cholecystitis. In our study, the PNI was
relatively low in predicting acute calculous cholecystitis and its severity, probably because the protein in the body was
not overly depleted during acute inflammation, resulting in relatively little difference between groups. In the future, the
relationship between PNI and calculous cholecystitis still needs to be further determined by large - sample randomized
controlled trials.

In the field of intensive care, procalcitonin (PCT) and C - reactive protein (CRP) have emerged as prominent
biomarkers. In a single - center retrospective study involving 401 patients, the results showed that CRP and PCT are
independent risk factors for suppurative bile and protract nomogram, with an area under the curve of 0.875, a sensitivity
of 86.6%, and a specificity of 75.5%.% Despite its predictive ability, routine testing for serum procalcitonin is not
common in all medical institutions, mainly due to its high cost, which limits its continuous use during hospitalization.>*
CRP, initially used for assessing disease severity and monitoring conditions such as rheumatoid arthritis and secondary
amyloidosis, has seen its role in clinical practice decline in favor of more cost - effective and easily applied markers such
as CRP and erythrocyte sedimentation rate (ESR).>> At The First Hospital of Shanxi Medical University, PCT and CRP
have not been established as the primary tests for patients admitted with calculus cholangitis, leaving their potential for
predicting the severity of the condition an open question for future research.

However, our study has several limitations. First, it is a single - center retrospective study with a relatively small
sample size. Second, the patients were exclusively from our institution, and external validation was not performed. Third,
we had strict exclusion criteria, limiting the generalizability of our findings to broader populations. Therefore, future
research should be conducted as large - scale, multicenter prospective studies with external validation to enhance the
reliability and scientific robustness of the findings. Despite these limitations, our study confirms the role of systemic
inflammatory indexes and nutritional markers in predicting acute calculus cholecystitis and its severity, facilitating the
development of personalized treatment and follow - up strategies.

Conclusion
Our investigation reveals that upon hospital admission, systemic inflammatory index and nutritional marker can be
rapidly and cost-effectively determined. These indicators enhance the predictive accuracy for acute calculus cholecystitis
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and its severity. An elevated systemic inflammatory index and a declining nutritional marker indicate an increased risk of
severe cholecystitis, necessitating prompt and appropriate interventions. Such interventions may include conservative
management with antibiotics, PTGD (percutaneous transhepatic gallbladder drainage), early or delayed surgical proce-
dures, or expedited transfer to an ICU.
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The study was in accordance with the Declaration of Helsinki and was approved by the Ethics Committee of The First
Hospital of Shanxi Medical University (approval number: 11T-2025-031). After obtaining ethical approval, we retro-
spectively collected the clinical data of patients with calculous cholecystitis between January 2023 and January 2024.
Due to the study’s retrospective design, the requirement for informed consent was waived, as confirmed by the Ethics
Committee of The First Hospital of Shanxi Medical University. As an analysis of pre-existing medical records, the
research posed no more than minimal risk to participants, involved no interventions, and utilized fully anonymized and
de-identified data. Researchers additionally signed a clinical research confidentiality commitment to safeguard patient
data confidentiality. These measures ensured patient rights and confidentiality were fully protected throughout the
investigation.
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